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PREFACE  TO  THE  FIFTH  EDITION 

The  manuscript  of  the  fifth  edition  of  this  manual  was  practically 
completed  by  Dr.  Stewart  at  the  time  of  his  death.  His  revision 
included  radical  changes  in  and  many  additions  to  those  portions 
dealing  wnth  surgical  technic,  surgical  infection  and  disinfection, 
wounds,  effects  of  heat  and  cold,  shock,  plastic  operations,  blood 
transfusion,  fractures,  and  amputations;  also  the  bones,  joints, 
nerves,  chest,  intestines,  rectum,  kidney  and  bladder.  He  wrote  a 
new  chapter  on  unnecessary  abdominal  section  and  rewrote  the 
sections  on  the  abdomen,  stomach,  operations  on  the  stomach, 
intestines,  intestinal  obstruction,  biliary  passages  and  the  pancreas. 

At  the  suggestion  of  Dr.  Stewart,  a  study  of  military  surgery 
was  begun  in  191 5  with  ser\ace  in  the  French  army  and  continued 
until  my  discharge  from  the  American  army  in  1919.  The  results 
of  this  military  experience  have  been  incorporated  in  this  edition. 

Dr.  Edward  J.  Klopp,  Dr.  Henry  P.  Brown,  Dr.  W.  Edgar 
Christie  and  Dr.  S.  I.  Bloomhardt  have  given  valuable  assistance  in 
the  preparation  of  the  manuscript  and  the  reading  of  the  proof. 

The  pri\ilege  of  completing  the  manuscript  and  preparing  it  for 
publication  adds  to  the  many  obligations  incurred  during  the  years 
I  was  associated  with  Dr.  Stewart. 

Walter  Estell  Lee. 
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CHAPTER  I 

DIAGNOSIS 

Diagnosis  is  the  process  whereby  the  nature  of  a  disease  is  deter- 
mined; the  term  is  applied  also  to  the  result  of  this  process,  i.e., 
the  name  of  the  disease.  In  many  instances  the  condition,  as  a 
crushed  foot,  is  self-evident  and  a  direct  diagnosis  may  be  made;  in 
others  the  symptoms  suggest  two  or  more  affections,  which  must 
be  distinguished  by  differential  diagnosis;  and  occasionally  a  diagno- 
sis by  exclusion  must  be  made;  thus  in  a  case  of  retroperitoneal  sar- 
coma, it  may  be  necessary  to  consider  all  the  other  forms  of  abdomi- 
nal tumor,  and  to  rule  them  out  one  by  one,  because  of  the  absence  of 
.special  symptoms,  until  finally  the  real  cause  of  the  growth  is  deter- 
mined. In  order  to  be  complete  a  diagnosis  should  include  the  organ 
or  part  affected  {anatomical  diagnosis)  y  the  nature  of  the  affection 
(pathological  diagnosis)  j  the  constitutional  change  resulting  from  or 
causing  the  local  lesion,  the  presence  or  absence  of  independent  or 
associated  maladies,  and  the  individuality  of  the  patient. 

A  diagnosis  is  made  by  interrogating  the  patient  {subjective 
symptoms)  and  by  physical  examination  {objective  symptoms  or  signs). 
The  chief  factors  in  diagnosis  are  to  obtain  correct  facts,  to  interpret 
them  properly,  to  know  what  to  look  for,  and  above  all  to  look. 
*•  More  mistakes  are  made  by  want  of  looking  than  by  want  of  know- 
ing." In  practice  the  analytical  method  is  usually  employed; 
the  attention  is  first  directed  to  the  offending  part,  and  by  examina- 
tion, coupled  with  questioning  the  patient,  one  considers  the  condi- 
tions most  likely  to  be  the  cause  of  the  symptoms,  and  then  by  further 
examination  the  diagnosis  is  finally  reached.  The  synthetical  or 
historical  method  is  more  scientific,  more  accurate,  and  better  adapted 
for  the  keeping  of  written  records.  It  consists  of  (a)  the  history 
i anamnesis),  which,  with  the  name  of  the  patient  and  the  date  of 
examination,  includes  (i)  the  age,  (2)  address  and  nationality,  (3) 
jtx,  (4)  social  condition,  (5)  family  history,  (6)  previous  history, 
and  (j)  the  history  of  the  present  illness;  and  (b)  the  physical  cxatnt- 
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nation  {status  presens),  which  comprises  (8)  an  examination  of  the 
affected  part,  (9)  an  examination  of  regions  clinically  related  to  the 
affected  part,  and  (10)  a  general  examination  of  the  whole  body. 

1.  The  apparent  as  well  as  the  real  age  should  be  noted.  In 
childhood  irritability  of  the  nervous  system  is  marked,  and  high 
fever  and  convulsions  may  be  caused  by  trivial  affections  which  would 
cause  no  such  disturbances  in  the  adult.  A  malignant  neoplasm  in  a 
child  would  probably  be  a  sarcoma,  in  later  life  a  carcinoma.  Ulcers 
in  children  may  be  due  to  tuberculosis  or  congenital  syphilis;  in 
adults  syphilitic  and  traumatic  ulcers  are  frequent;  later  in  life  the 
varicose  ulcers  and  epitheliomata  predominate.  In  the  child  an 
injury  to  an  extremity  may  result  in  a  greenstick  fracture  or  epi- 
physeal separation,  the  same  in  an  adult  might  cause  a  complete 
fracture  or  a  dislocation.  In  intestinal  obstruction  one  would  sus- 
pect imperforate  anus  in  the  new  born,  intussusception  in  infancy, 
and  impacted  feces  or  cancer  in  old  age.  In  children  difficulty  in 
urination  would  probably  be  due  to  phimosis  or  calculus,  in  adults 
to  stricture,  in  old  age  to  enlarged  prostate.  In  childhood  infantile 
paralysis,  infantile  scurvy,  congenital  syphiUs,  rickets,  adenoids, 
prolapse  of  the  anus,  rectal  polypi,  malformations,  nevi,  noma, 
foreign  bodies  in  the  air  passages,  tuberculous  lymph  glands,  acute 
infectious  osteomyelitis,  postpharyngeal  abscess,  hemophilia,  renal 
sarcoma,  hydrocephalus,  cretinism,  and  intussusception  are  common; 
in  adolescence  epiphyseal  separation,  gastric  ulcer,  osteoma,  chondroma, 
tuberculosis  of  bones  and  joints,  and  sexual  disorders  are  frequent; in 
middle  age  aneurysm,  carcinoma,  floating  kidney,  mollitiesossium,  and 
gallstones  are  most  apt  to  occur ;  in  old  age  hypertrophy  of  the  prostate 
and  degeneration  ol  the  circulatory  apparatus,  leading  to  gangrene 
and  other  disorders,  are  prone  to  develop.  Hernia  is  most  frequent 
at  the  extremes  of  life.  Infancy  and  old  age  do  not  stand  operations 
well,  but  infants  who  escape  the  immediate  dangers  of  operation 
often  convalesce  more  rapidly  than  adults. 

2.  Not  only  the  present,  but  previous  addresses  should  be  ascer- 
tained, as  well  as  the  place  of  birth.  Goiter  is  prevalent  in  moun- 
tainous regions;  leprosy  in  Norway  and  the  tropics;  bilharzia  hema- 
tobia,  tetanus,  filariasis,  and  hepatic  abscess  in  the  tropics;  rachitis 
in  densely  populated  centers;  vesical  calculus  in  India  and  parts  of 
England;  hydatid  disease  in  Iceland  and  Australia.  The  Xegro^is 
more  susceptible  to  tuberculosis,  aneurysm,  elephantiasis,  tetanus, 
and  benign  neoplasms,  especially  the  fibromata;  less  liable  to  malig- 
nant disease,  stone  in  the  bladder,  varicose  veins,  appendicitis, 
congenital  deformity,  enlarged  prostate,  and  gall-stones;  and  less 
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resistant  to  operative  procedures.  The  Hebrew  suffers  frequently 
from  intestinal  and  rectal  disorders,  arteriosclerotic  gangrene,  and  is 
more  prone  to  develop  diabetes  with  its  surgical  complications;  his 
symptoms  should  be  analyzed  with  due  consideration  to  his  highly 
sensitive  nervous  system. 

3.  The  sex  is  occasionally  of  some  importance  in  making  a 
diagnosis.  Vomiting  or  an  abdominal  tumor  in  a  woman  should 
automatically  connote  pregnancy.  Excluding  diseases  of  the 
reproductive  organs,  females  are  more  liable  to  goiter,  floating  kid- 
ney, enteroptosis,  gall-stones,  moUities  ossium,  Raynaud's  disease, 
myxedema,  stricture  of  the  rectum,  tuberculous  peritonitis,  arthritis 
deformans,  hysteria,  and  other  functional  nervous  troubles,  but  they 
stand  operations  better  than  men.  Males  are  more  apt  to  develop 
aneurysm,  actinomycosis,  appendicitis,  cerebral  abscess,  cystic  kidney, 
cirrhosis  of  the  liver,  Dupuytren's  contraction,  hematoma  auris, 
hemophilia,  intussusception,  lymphadenoma,  pancreatitis,  stricture 
of  the  urethra,  stone  in  the  bladder,  diverticula  of  the  bladder, 
cancer  of  the  lip,  stomach  and  rectum,  and  conditions  produced  by 
exposure,  hard  work,  and  injurious  habits. 

4.  Under  the  social  condition  note  whether  the  patient  is  single  or 
married,  widow  or  widower.  If  a  woman,  elicit  the  menstrual  his- 
tory, the  amount  and  character  of  leukorrhea,  the  number  of  children 
and  miscarriages,  the  date  of  the  last  confinement,  and  the  presence 
or  absence  of  puerperal  complications.  Ascertain  the  nature  of 
previous  occupations  as  well  as  the  present  one.  Active  occupations 
predispose  to  hernia,  aneurysm,  and  various  forms  of  injury;  seden- 
tary occupations  to  gall-stones,  hemorrhoids,  ulcer  of  the  stomach, 
and  functional  neuroses;  standing  occupations  to  varicose  veins  and 
flat-foot.  Certain  occupations,  by  forcing  the  individual  to  assume  a 
particular  attitude  or  to  use  a  certain  set  of  muscles,  produce  altera- 
tions in  the  form  of  the  body,  thus  the  shoemaker,  tailor,  and  rag- 
picker become  round  shouldered,  and  one  who  carries  a  load  on  the 
same  shoulder  day  after  day,  or  who  uses  one  arm  or  leg  constantly, 
may  develop  scoliosis.  Constant  pressure  on  a  part,  necessitated  by^ 
many  occupations,  may  produce  deformity,  callosities,  bursas,'  and. 
even  neoplasms.  Skin  handlers  and  wool-sorters  are  predisposed 
to  anthrax;  hostlers  to  glanders  and  tetanus;  butchers,  doctors,  and 
veterinarians  to  anatomical  tubercle  and  other  infections;  painters, 
potters,  plumbers,  lead-makers,  tailors,  and  seamstresses  to  lead 
poisoning;  match-makers  to  phosphorous  necrosis  of  the  lower  jaw; 
morocco  workers  and  those  who  use  acids  to  ulcers  of  the  hands  and 
forearms;  and  those  who  handle  grain  to  actinomycosis. 


4  MANUAL  OF  SITIGERY 

5.  The  family  history  includes  an  investigation  into  the  diseases 
which  have  occurred,  or  the  cause  of  death,  in  the  parents,  grand- 
parents, uncles  and  aunts,  brothers  and  sisters,  husband  or  wife,  anfl 
children.  Especially  to  be  inquired  for  are  calculus,  malformations, 
hemophilia,  syphilis,  tuberculosis,  rheumatism,  alcoholism,  malig- 
nant tumors,  and  nervous  affections. 

6.  In  the  previous  history  note  the  habits  of  the  individual,  espe- 
cially regarding  alcohol,  which  predisposes  to  aneurysm,  delirium 
tremens,  tuberculosis,  neuritis,  etc.;  tobacco,  which  predisposes  to, 
carcinoma  of  the  mouth  and  nerv'ousness;  tea  and  cofifee,  with  refer- 
ence to  neuroses  and  gastric  disorders;  and  the  sexual  life,  particu- 
larly as  to  excesses  and  masturbation.  Inquiry  should  be  made  also 
for  previous  injuries,  diseases,  and  operations.  Injuries  may  be 
followed  by  sarcoma,  tuberculosis,  epilepsy,  abscesses,  and  many 
other  disorders.  Among  the  diseases  which  may  have  occurred  the 
most  important  are  syphilis  and  tuberculosis.  Certain  diseases  pre- 
dispose to  subsequent  attacks  of  the  same  malady;  among  such  are 
appendicitis,  salpingitis,  gall-stones,  kidney-stones,  erysipelas,  delir- 
ium tremens,  neuralgia,  rheumatism.  Others  render  a  patient  more 
vulnerable  to  dissimilar  affections;  appendicitis,  gall-stones,  and 
osteomyelitis  often  follow  typhoid  fever;  stricture  of  any  of  the 
canals  of  the  body,  ulceration  involving  those  canals;  vesical  calcu- 
lus, renal  colic;  arthritis,  gonorrhea.  Operations  are  responsible 
for  a  host  of  evils,  e.g.,  laparotomy  may  be  followed  by  hernia, 
adhesions,  or  intestinal  obstruction;  ovariectomy  by  amenorrhea; 
gastroenterostomy  by  ulcer  of  the  jejunum ;  thoracotomy  by  scolio- 
sis; trephining  by  epilepsy;  thyroidectomy  by  tetany,  myxedema,  or 
aphonia.  The  history  of  removal  of  a  tumor  may  explain  obscure 
symptoms  due  to  metastases.  We  recently  saw  a  case  in  which  a 
hernia  cerebri  was  incised  for  an  abscess,  a  mistake  that  could  not 
have  occurred  had  the  physician  known  that  a  decompressive  opera- 
tion had  been  performed. 

7.  The  history  of  the  present  illness  includes  not  only  the  symp- 
toms, but  the  supposed  cause,  the  duration,  the  manner  of  onset,  and 
the  previous  treatment.  As  to  the  supposed  cause,  there  may  be  a 
history  of  exposure  to  one  of  the  infective  diseases,  such  as  erysipelas 
or  syphilis;  in  this  connection  it  is  important  to.  ascertain  the  time 
elapsing  between  the  exposure  to  infection  and  the  beginning  of  the 
symptoms,  i.e.,  the  period  of  incubation.  The  duration  sometimes 
has  considerable  bearing  on  the  diagnosis,  e.g.,  a  tumor  which 
has  lasted  a  number  of  years  is  probably  benign,  one  which  has  lasted 
but  a  few  months  and  is  growing  rapidly  is  probably  malignant. 
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Time  is  a  sure  diagnostic  agent  in  pregnancy.  The  onset  is  sudden 
in  appendicitis,  perforative  peritonitis,  various  colics,  and  acute  in- 
fections; aneurysm,  tumors,  ascites,  and  strictures  of  various  kinds 
come  on  slowly.  The  previous  treatment  may  be  of  assistance  in 
diagnosis;  it  may  have  failed,  e.g.,  a  tumor  or  ulcer  unmodified  by 
antiluetic  drugs  is  probably  not  syphilitic,  chills  uninfluenced  by 
quinin  are  not  malarial;  it  may  have  succeeded,  e.g.,  a  scrotal  tumor 
disappearing  temporarily  after  withdrawal  of  a  serous  fluid  is  a 
hydrocele,  after  taxis  a  hernia;  it  may  have  intensified  the  symptoms, 
e.g.,  intestinal  obstruction  is  made  worse  by  purgatives,  internal 
hemorrhage  by  stimulants;  or  it  may  have  created  additional  mis- 
chief, e.g.,  drug  eruptions,  mercurial  stomatitis,  catheter  cystitis, 
carbolic  acid  gangrene,  iodoform  delirium,  splint  sores,  crutch  palsy, 
ligature  sinus,  paraflBui  tumor.  X-ray  burn,  cystoscopic  ulcer.  It 
may  also  obscure  the  diagnosis,  e.g.,  chancre  and  epithelioma  may  be 
disfigured  by  caustics,  the  symptoms  of  peritonitis  may  be  clouded 
by  opium,  and  an  unconscious  man  who  has  been  given  whiskey  may 
be  wrongly  treated  as  an  alcoholic. 

8.  The  local  examination  needed  will  usually  be  indicated  by  the 
patient. 

By  inspectioii  the  size,  shape,  situation,  and  color  of  the  lesion 
may  be  determined,  as  well  as  abnormal  motion,  and  the  lesion  may 
be  studied  with  reference  to  the  influence  of  posture,  active  or 
passive  motions,  etc. 

Whenever  possible  the  size  of  a  lesion  should  be  expressed  in 
exact  terms,  thus  a  tumor  may  be  measured  with  calipers  or  tape 
measure,  instead  of  being  compared  in  size  with  an  orange  or  other 
object.  The  length  of  a  limb  compared  with  that  of  its  fellow  is 
of  the  greatest  value  in  the  diagnosis  of  fractures  and  dislocations, 
as  are  also  the  length  of  the  urethra  in  enlarged  prostate,  the  width 
of  the  intercostal  spaces  in  empyema,  and  the  size  of  the  head  in  hy- 
drocephalus and  microcephalus. 

The  shape  may  be  accurately  determined  by  a  plaster  cast, 
M}ii  lead  strips,  photographs,  or  autoprints,  e.g.,  in  flat-foot.  It 
is  frequently  of  assistance  in  recognizing  surgical  conditions,  es- 
pecially fractures  and  dislocations.  As  other  examples  may  be 
mentioned  the  notched  teeth  of  hereditary  syphilis,  the  pear-shaped 
swelling  of  a  hydrocele,  and  the  fusiform  enlargement  of  a  tubercu- 
lous joint. 

The  situation  of  a  lesion  may  indicate  not  only  the  anatomical 
but  also  the  pathological  diagnosis  (see  *' Diagnosis  of  Ulcers  and 

Tumors")- 
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The  color  should  always  be  observed.  Localized  yeUmvish 
discoloration  may  be  caused  by  xanthoma,  an  old  bruise,  or  a  nitric 
acid  or  iodin  stain;  bronze  patches  by  syphilis,  tuberculosis,  scurxy, 
abdominal  tumors,  oil  of  cade,  blistering  agents,  exposure  to  electric 
light  or  the  X-ray,  and  the  pressure  of  garters,  belts,  or  collar 
buttons;  white  patches  by  ergotism,  scars,  frost  bite,  carbolic  acid, 
leukoplakia,  Raynaud's  disease,  neuritis,  and  leprosy;  redness 
by  acute  inflammation  or  hyperemia  (disappears  on  pressure  but 
returns  immediately  on  removal  of  the  pressure),  or  by  dyes,  etc. 
(does  not  disappear  on  pressure  and  may  be  washed  off) ;  blueness, 
or  li\ddity,  by  venous  obstruction,  ne\ais  (returns  quickly  after 
pressure  is  removed),  beginning  gangrene  (returns  slowly  after 
the  relief  of  pressure),  and  ecchymosis  (unaffected  by  pressure); 
blackness  by  moles,  warts,  gangrene,  and  melanotic  sarcoma;  greenish 
discoloration  by  chloroma;  change  of  color  by  nevi;  and  liHear  dis- 
coloration by  lymphangitis,  rarely  phlebitis  and  neuritis.  The 
mingling  of  purple  and  red  is  often  observed  over  malignant  growths. 
Petechia  and  ecchymosis  are  unaffected  by  pressure;  they  occur  in 
many  diseases,  but  it  will  suffice  here  to  mention  only  those  which 
interest  the  surgeon,  viz.  scurvy,  hemophilia,  iodism,  jaundice, 
pyemia,  septicemia,  snake  poisoning,  and  lightning  stroke.  Oc- 
curring several  days  after  an  injury,  ecchymosis  indicates  rupture 
of  some  deep  structure,  such  as  muscle  or  bone. 

Absence  of  motion  is  noticed  in  most  inflammatory  troubles, 
e.g.,  the  chest  in  pleurisy,  the  abdomen  in  peritonitis;  it  is  caused 
by  a  tonic  contraction  of  the  muscles,  which  gives  another  im- 
portant sign,  rigidity.  Pulsation  may  be  expansile  (the  swelling 
enlarges  in  all  its  diameters  with  each  cardiac  systole),  e.g.,  in 
aneurysm,  tumors  communicating  with  the  cranial  cavity,  and 
very  vascular  growths,  such  as  goiter,  some  sarcomata,  and  certain 
angiomata;  or  transmitted  (the  movement  is  in  one  direction  only), 
e.g.,  in  tumors  situated  over  an  artery  and  in  the  abdomen  of  nervous 
individuals.  Transmitted  pulsation  ceases  if  the  tumor  can  be  lifted 
or,  by  posture,  made  to  fall  away  from  the  artery.  Increased 
motion  is  exemplified  in  the  hurried  respiration  of  intrathoracic 
disease,  and  the  active  peristalsis  of  intestinal  obstruction. 

In  addition  to  the  aids  to  the  eye  which  have  already  been 
mentioned  are  the  microscope,  instruments  for  looking  into  cavities 
of  the  body  (ophthalmoscope,  laryngoscope,  bronchoscope,  cystoscope, 
etc.),  aspiration  to  determine  the  contents  of  a  cavity  or  swelling, 
and  exploratory  incision.  Diaphany,  or  translucency,  is  employed 
to  detect  disease  of  the  maxillary  antrum,  by  placing  a  light  in  the 
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mouth;  to  determine  the  size  of  the  stomach,  by  passing  a  light 
into  this  organ;  and  to  ascertain  the  nature  of  some  swellings,  such 
as  hydrocele  and  meningocele,  by  placing  the  tumor  between  the 
light  and  the  eye,  in  a  dark  room,  and  looking  through  the  barrel 
of  a  stethoscope  or  a  tube  of  paper.  The  X-ray  is  considered  on 
a  later  page. 

PlBJ^tioii  is  used  to  corroborate  inspection,  to  ascertain  the 
size,  shape,  position,  etc.,  of  a  lesion  which  cannot  be  seen,  e.g., 
by  rectal  or  vaginal  examination;  and  to  determine  the  consistency, 
sensation,  mobility,  and  local  temperature.  The  consistency  of 
normal  tissues  may  be  modified  by  the  presence  of  solids,  fluids,  or 
gases.  Solids,  of  which  the  most  prominent  example  is  tiunor 
formation,  may  cause  the  tissues  to  become  harder  (osteoma, 
etc.)  or  softer  (myxoma,  etc.).  Fluid  infiltrates  the  tissues  giving 
rise  to  edema,  or  accumulates  in  a  cavity  giving  rise  to  fluctuation. 
Edrmdj  which  is  shown  by  the  persistence  of  an  indentation  after 
digital  pressure,  occurs  in  contusions,  inflammations,  suppuration, 
obstruction  to  the  venous  or  lympnatic  circulation,  extravasation 
of  urine,  and  in  diseases  of  the  heart,  lungs,  liver,  and  blood.  Hyster- 
ical edema  and  myxedema  do  not  pit  on  pressure.  Fluctuation  is 
the  wave  felt  by  the  hand  on  one  side  of  a  swelling  when  a  sharp 
tap  is  given  to  the  other  side.  In  order  to  obviate  the  mistake 
due  to  a  wave  transmitted  through  the  skin  and  subcutaneous 
tissues,  the  hand  of  an  assistant  may  be  placed  on  the  swelling, 
between  the  hands  of  the  examiner.  This  sign  is  often  difficult  to 
obtain  when  the  fluid  lies  beneath  firm  fascia  or  thick  muscle,  is 
smaU  in  quantity,  or  under  great  tension,  and  it  is  often  fallacious 
in  semisolid  tumors.  Another  sign,  which  is  often  called  fluctuation, 
is  the  raising  of  the  fingers  of  one  hand  when  the  fingers  of  the  other 
hand  push  into  the  swelling;  it  may  be  obtained  in  normal  tissues, 
in  soft,  elastic  or  movable  tumors,  and  in  tumors  containing  gas, 
as  well  as  in  swellings  which  contain  fluid.  Error  may  sometimes 
be  avoided  in  eliciting  this  sign,  e.g.,  in  muscular  tissue,  by  testing 
it  longitudinally  as  well  as  transversely.  Gas  in  the  tissues  (em- 
physema) causes  a  doughy  swelling  which  crepitates  on  pressure. 
This  crepitus,  which  is  crackling  in  character,  should  not  be  confused 
with  that  of  fracture  or  osteoarthritis,  which  is  harsh  and  osseous; 
of  epiphyseal  separation,  which  is  soft  and  cartilaginous;  of  synovial 
inflammation,  which  is  creaking  and  leathery;  or  with  that  of  blood 
clot  or  hydatid  disease,  which  is  moist  and  yielding.  In  certain 
bone  diseases  (cysts,  sarcomata,  craniotabes,  disease  of  the  frontal 
and  maxillary  sinuses)  a  crackling  sensation  may  be  obtained  otv 
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pressure  (parchment  crepitus),  owing  to  thinning  of  the  osseous 
tissue;  and  in  synovial  inflammations  containing  rice  bodies  a  special 
form  of  crepitation  may  be  obtained  by  forcing  the  bodies  along 
the  sac.  Related  to  crepitus  is  tlirilL  which  may  be  felt  over  an 
aneurysm  or  vascular  tumor,  and  sometimes  in  the  case  of  a  foreign 
body  in  the  air  passages. 

Aside  from  pain,  disorders  of  sensation  (hyperesthesia,  hypesthe- 
sia,  anesthesia,  paresthesia,  alteration  of  the  heat  sense  or 
thermesthesia,  of  the  pressure  sense,  etc.)  are  mainly  of  value 
in  diseases  and  injuries  of  the  nervous  system.  Pain  is  the  most 
frequent  symptom;  and  tenderness,  which  is  of  more  value  to  the 
surgeon  than  pain,  is  pain  on  pressure.  Its  situatioft  does  not 
always  indicate  the  seat  of  disease.  In  a  lesion  near  the  origin  of 
a  nerve,  pain  may  be  felt  in  the  periphery;  in  a  lesion  at  the  periphery, 
at  the  end  of  another  branch  of  the  same  nerve.  Certain  diseases 
of  the  brain  and  spinal  cord  produce  pain  at  the  nerve  terminations. 
General  pain  or  aching  of  the  body  may  be  present  in  acute  infections 
or  intoxications.  If  pain  corresponds  exactly  to  the  distribution 
of  a  nerve,  the  cause  will  probably  be  found  along  the  trunk  or 
at  the  root  of  that  nerve;  the  pain  of  a  local  lesion  does  not  confine 
itself  to  the  distribution  of  a  single  nerve.  Absence  of  tenderness 
in  a  painful  region  genera  ly,  but  not  invariably,  indicates  that  the 
pain  is  referred,  but  even  in  referred  pain  tenderness  may  be  present. 
Pain  in  the  top  or  the  back  of  the  head  may  be  due  to  pelvic  disease; 
in  the  supraorbital  regions  and  the  temples  to  disease  of  the  eye; 
in  the  side  of  the  head  and  the  ear  to  disease  of  the  teeth;  in  the 
forehead  to  disease  of  the  nose  or  the  nasopharynx;  above  the 
left  clavicle  to  disease  of  the  colon  or  the  diaphragm;  in  the  side 
of  the  chest  to  disease  of  the  vertebra  or  the  spinal  cord;  in  the 
right  shoulder  to  hepatic  disease;  in  the  nipple  and  the  breast  to 
uterine  disease;  between  the  shoulders  to  disease  of  the  stomach 
and  intestines;  in  the  sacral  region  to  intrapelvic  disorders  or  disease 
of  the  testicle,  rectum,  or  hip;  in  the  epigastrium  or  any  portion 
of  the  abdomen  to  diseases  of  the  spine  or  the  spinal  cord;  along 
the  outer  side  of  the  thigh  and  in  the  heel  to  ovarian  disease;  at  the 
inner  side  of  the  knee-joint  to  disease  of  the  hip;  in  the  sole  of  the 
foot  to  disease  of  the  prostate,  ovary,  or  rectum;  in  the  head  of  the 
penis  to  vesical  calculus. 

The  character  of  pain  is  sharp,  knife-like,  or  lancinating  in 
acute  inflammations  of  serous  membranes;  dull  or  bruise-like  in 
inflammations  of  mucous  membrane,  connective  tissue,  and  paren- 
chymatous viscera,  and  in  chronic  inflammation;  paroxysmal  in 
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floating  kidney,  labor,  neuralgia,  colics,  spinal  tumor,  and  intestinal 
obstruction;  shifting  in  hysteria,  rheumatism,  and  flatulence; 
gnawing  or  boring  in  cancer,  diseases  of  bone,  and  sometimes  in 
lithemia;  aching  in  muscles;  burning  and  itching  in  the  skin ;  smarting 
or  scalding  in  the  urethra ;  nauseating  in  the  testicle ;  throbbing  in  sup- 
purative inflammations;  bearing  down  (tenesmus)  in  cystitis,  enlarged 
prostate,  proctitis,  and  labor.  Pain  which  suddenly  ceases  may  be 
due  to  the  passage  of  a  stone,  the  sudden  overcoming  of  some 
obstruction,  or  to  beginning  gangrene.  It  is  also  studied  with  refer- 
ence to  the  effect  of  pressure,  change  of  weather,  movements,  etc. 
Most  pains  are  worse  at  night,  particularly  those  due  to  carcinoma, 
diseases  of  bone,  rheumatism,  locomotor  ataxia,  and  neuritis. 
Much  allowance  must  be  made  for  the  variation  in  individual 
tolerance  to  pain.  The  degree  of  tenderness  may  to  some  extent 
be  gauged  by  the  effect  upon  the  facial  expression  and  the  pulse, 
and  by  the  presence  or  absence  of  involuntary  muscular  rigidity. 

Abnormal  mobility  is  found  in  fractures,  ruptures  of  ligaments, 
dissolution  of  joints,  floating  kidney,  and  kindred  affections;  more 
or  less  immobility  in  ankylosis,  inflammatory  or  neoplastic  infiltra- 
tions, and  in  growths  springing  from  a  fixed  portion  of  the  body,- 
e.g.,  osteoma.  Under  this  heading  may  be  mentioned  also  the 
value  of  palpation  in  ascertaining  the  presence  or  absence  of  motion 
due  to  muscular  contractions,  e.g.,  in  the  bowel  (peristalsis),  uterus, 
fetus,  and  muscles  under  investigation  for  paralysis. 

The  local  temperature  is  elevated  in  inflammatory  diseases  and 
very  vascular  tumors,  lowered  in  gangrene  and  trophic  lesions. 
It  may  be  accurately  measured  with  a  surface  thermometer. 

As  aids  to  palpation  may  be  mentioned  probes  and  sounds, 
placing  the  patient  in  various  postures,  and  measures  for  relaxing 
muscles,  particularly  general  anesthesia. 

Percussioii  is  employed  to  outline  organs,  determine  the  com- 
position of  accumulations  in  caxities  and  the  presence  of  gas  in 
tumors,  detect  points  of  tenderness,  and  occasionally,  as  in  hydro- 
cephalus and  certain  fractures,  to  elicit  the  cracked-pot  sound. 
Anscultatkm  is  used  to  detect  disease  in  the  chest,  the  presence 
or  absence  of  intestinal  peristalsis,  the  bruit  of  an  aneurysm,  the 
sound  of  a  fetal  heart,  the  succussion  splash  of  a  dilated  stomach, 
the  deglutition  sound,  and  the  garrulity  of  wounds  communicating 
with  the  respiratory  apparatus.  Crepitus  which  cannot  be  felt 
may  occasionally  be  heard,  e.g.,  in  fractures  of  the  ribs.  As  aids 
to  auscultation  may  be  mentioned  the  stethoscope,  the  phonen- 
doscope,  and  the  telephonic  probe. 
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The  sense  of  smell  may  reveal  necrosis  of  bone,  gangrene  of 
soft  tissues,  fecal  fistulae,  stercoraceous  vomitus,  and  ammoniacal 
urine.  The  odor  of  the  breath  is  of  value  in  diagnosticating  uremia, 
acetonemia,  diabetes,  diphtheria,  and  some  forms  of  poisoning.  The 
odor  in  pyemia  is  that  of  hay,  in  hepatic  abscess  liverish,  in  actino- 
mycosis earthy,  in  jaundice  and  peritonitis  musty,  in  the  critically 
ill  cadaveric. 

9.  An  examination  of  the  regions  clinically  related  to  fhe  affected 
part  is  of  the  greatest  importance.  A  part  should  always  be  com- 
pared with  that  of  the  opposite  side  of  the  body,  to  detect  deviations 
from  the  normal,  e.g.,  in  fractures  and  dislocations;  and  to  ascertain 
whether  the  same  lesion  is  present  on  both  sides,  e.g.,  hernia,  tuber- 
culous epididymitis,  chronic  mastitis,  salpingitis,  syphilitic  eruptions, 
and  many  other  conditions  are  often  bilateral.  In  local  infections 
and  neoplasms  the  anatomically  related  lymph  glands  must  be 
examined,  and  conversely  in  lymphadenitis  the  regions  which  the 
lymph  glands  drain  must  be  scrutinized.  One  should  make  sure 
the  pulse  is  present  below  fractures  and  dislocations,  motion  and 
sensation  below  wounds;  examine  the  superficial  veins  for  distention 
in  tumors,  the  muscles  for  atrophy  in  joint  disease,  the  spine  for 
scoliosis  in  asymmetry  of  the  lower  limbs,  the  knee  for  effusion  in 
fractures  of  the  femur,  the  liver  for  cirrhosis  in  hemorrhoids.  Blad- 
der symptoms  may  be  of  rectal  origin;  rectal  symptoms  due  to 
affections  of  the  genitourinary  organs. 

10.  A  careful  general  examination  is  too  often  neglected. 
Attention  need  be  called  only  to  the  fact  that  stomatitis  may  be 
caused  by  chronic  nephritis;  funinculosis  and  gangrene  by  diabetes; 
varicose  veins  of  the  leg  by  disease  of  the  heart;  amenorrhea  by 
anemia;  ulcer  on  the  sole  of  the  foot  by  disease  of  the  spinal  cord; 
and  to  the  fact  that  abdominal  disorders  may  be  simulated  by 
disease  of  the  lungs,  spine,  spinal  cord,  and  by  hysteria.  The  height 
and  weight  should  be  noted.  A  progressive  decrease  in  height  is 
found  in  diseases  like  arthritis  deformans.  The  patient's  best 
weight  and  his  present  weight  should  be  taken.  Cacliexia  means 
marked  emaciation,  great  weakness,  and  profound  anemia;  it  is 
seen  in  carcinoma,  diabetes,  tuberculosis,  chronic  suppuration, 
large  ovarian  cysts,  congenital  syphilis,  organic  disease  of  the 
stomach,  stricture  of  the  esophagus,  and  in  obstructions  of  the 
thoracic  duct. 

The  facial  expression  is  of  great  value  to  the  experienced  eye. 
As  examples  may  be  mentioned  the  vacant  expression  of  adenoids, 
the  anxious  expression  of  peritonitis,  the  pale  frightened  face  of 
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acute  hemorrhage,  the  threatening  and  suspicious  facies  of  delirium 
tremens,  the  staring  expression  of  exophthalmic  goiter,  the  mask- 
like expression  of  paralysis,  the  unmeaning  grimaces  of  hysteria, 
the  risus  sardanicus  of  tetanus,  and  the  weazened  face  of  hereditary 
sv-philis.  The  Hippocratic  face — **The  sharp  nose,  hollow  eyes, 
collapsed  temples;  the  ears  cold,  contracted,  and  their  lobes  turned 
out;  the  skin  about  the  forehead  being  rough,  distended  and  parched; 
the  color  of  the  whole  face  brown,  black,  livid  or  lead  colored,'' — is 
the  face  of  impending  death. 

Posture. — ^Lying  on  the  back  and  constantly  slipping  toward 
the  foot  of  the  bed  is  seen  in  acute  infections  or  great  weakness; 
the  dorsal  position  with  both  legs  drawn  up  in  peritonitis;  the 
ventral  posture  in  intestinal  colic,  sometimes  in  abdominal  aneu- 
r>''sm  and  spinal  caries.  The  patient  may  lie  upon  the  affected 
side  in  empyema,  and  be  coiled  up  on  one  side  in  cerebral  irritability 
and  in  various  forms  of  colic.  Great  restlessness  in  bed  indicates 
nervous  irritability,  acute  hemorrhage,  sometimes  shock;  it  is  a 
bad  sign  in  the  critically  ill.  The  body  may  be  bent  forward  so 
that  it  rests  upon  the  forehead  and  feet  {emprosthotonos) ,  backward 
so  that  it  rests  upon  the  occiput  and  heels  {opisthotonos),  or  laterally 
(pleurosthotonos)  y  in  meningitis,  strychnin  poisoning,  tetanus,  or 
hysteria.  ^  Orthopnea,  in  which  the  patient  sits  up  and  grasps  some 
firm  object  in  order  to  fix  the  accessory  muscles  of  respiration,  is 
often  observed  in  diseases  of  the  heart  and  lungs,  large  accumulations 
in  the  thorax  or  abdomen,  and  in  foreign  bodies  in  or  stenosis  of 
the  air  passages.  A  shuflMng  gait  with  a  rigid  body  suggests  caries 
of  the  spine,  a  waddling  gait  coxa  vara  or  congenital  dislocation  of 
the  hips.  The  head  is  thrown  back  and  the  feet  apart  in  large 
abdominal  tumors  and  accumulations. 

The  pulse,  temperature,  and  respirations  should  be  taken,  and 
one  should  ascertain  the  condition  of  the  organs  of  digestion,  the 
spleen,  the  genitourinary  apparatus,  the  heart  and  blood  vessels, 
the  lungs,  the  organs  of  special  sense,  and  the  nervous  system, 
especially  with  reference  to  hysteria  and  locomotor  ataxia,  both 
of  which  may  mimic  various  surgical  affections.  However,  the 
presence  of  either  of  these  nervous  maladies  may  coexist  in  one 
who  needs'  surgical  treatment,  and  sometimes  a  surgical  lesion 
causes  hysteria  or  is  the  result  of  tabes.  In  special  cases  chemical, 
microscopical,  and  bacteriological  examinations  of  various  secretions, 
excretions,  and  discharges  may  be  required. 

Blood  Emninatioiis. — The  red  cells  may  be  increased  in  number 
{polycythemia)  when  the  blood  is  concentrated,  e.g.,  as  the  result 
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of  profuse  sweating,  vomiting,  diarrhea,  starvation,  and  exercise; 
when  oxygenation  is  impaired,  e.g.,  by  high  altitudes,  cyanosis, 
and  cardiac  and  pulmonary  disease;  in  erythremia,  hepatic  insuffi- 
ciency, myxedema,  purpura,  diabetes,  and  direct  blood  transfusion; 
and  as  the  result  of  active  hemogenesis,  thus  after  hemorrhages 
the  blood-making  organs  may  in  time  supply  more  than  enough 
cells  to  replace  those  which  have  been  lost.  Oligocythemia  (decrease 
in  the  number  of  red  cells)  takes  place  when  the  blood  is  diluted 
by  the  ingestion  of  large  amounts  of  fluid,  saline  infusion,  and  when 
the  genetic  powers  are  overtaxed,  e.g.,  by  child-birth,  lactation,  and 
at  puberty.  Anemia j  or  a  reduction  in  the  number  of  red  cells 
and  the  percentage  of  hemoglobin,  may  be  primary,  in  which  no 
cause  can  be  found,  e.g.,  pernicious  anemia  and  chlorosis;  or  second- 
ary, the  most  common  causes  of  which  are  acute  and  chronic  hem- 
orrhage, bacterial  infections,  malignant  growths,  malnutrition, 
intestinal  and  blood  parasites,  and  chemical  poisons,  such  as  lead, 
mercury,  and  the  coal-tar  derivatives. 

Mikulicz  believed  that  no  general  anesthetic  should  be  given 
when  the  hemoglobin  is  below  30  per  cent.,  but  surgeons  do  not 
adhere  to  this  rule,  excepting,  perhaps,  in  cases  in  which  delay  will 
result  in  some  itnprovement  in  the  quality  of  the  blood. 

Leukocytosis,  particularly  of  the  polynuclear  cells,  indicates  an 
inflammatory  lesion,  but  only  when  other  symptoms  of  the  lesion  are 
present,  and  only  when  other  causes  for  an  increase  in  the  white 
cells  have  been  excluded;  hence,  from  the  standpoint  of  surgical 
diagnosis,  leukocytosis  may  be  divided  into  the  noninfectious  and  the 
infectious. 

Noninfectious  leukocytosis  may  be  physiological,  e.g.,  in  infants, 
during  pregnancy  and  digestion,  and  after  exercise  and  bathing.  It 
may  occur  in  shock,  cyanosis,  rickets,  cirrhosis  of  the  liver,  chronic 
nephritis,  gout,  carcinoma,  and  sarcoma  (the  lymphocytes  being  in 
excess  in  lymphosarcoma).^  It  may  follow  the  injection  of  toxins, 
including  vaccins;  the  administration  of  certain  drugs,  e.g.,  the 
salicylates,  coal-tar  derivatives,  potassium  chlorate,  camphor, 
digitalis,  some  of  the  aromatic  oils,  thyroid  extract,  and  quinin; 
acute  and  chronic  hemorrhage,  general  anesthesia,  and  consequently 
the  various  surgical  operations  (a  rising  leukocytosis  after  the  second 
or  third  day,  however,  would  be  highly  presumptive  of  a  septic 
complication).  The  leukocytosis  of  lymphatic  and  of  splenomedul- 
lary  leukemia  are  easily  recognized  by  the  increase  in  the  lymphocytes 
in  the  former,  and  of  the  myelocytes  in  the  latter.     Agonal  leukocyto- 
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sis,  which  occurs  just  before  death,  is  due  to  the  gathering  of  the 
leukocytes  along  the  walls  of  the  capillaries  as  the  result  of  the  feeble 
circulation,  or  to  a  terminal  infection. 

Infectious  leukocytosis  may  accompany  any  of  the  bacterial 
diseases,  except  uncomplicated  influenza,  measles,  rubeola,  typhoid, 
paratyphoid,  malta  fever,  leprosy,  and  tuberculosis;  malaria  and 
trypanosomiasis,  which  are  due  to  protozoa,  also  fail  to  show  an 
increase  in  the  white  cells,  but  there  is  a  moderate  leukocytosis 
during  the  secondary  and  tertiary  stages,  of  syphilis.  The  most 
important  infections  from  the  standpoint  of  surgical, diagnosis  are 
those  of  pyogenic  origin.  The  degree  of  inflammatory  leukocytosis 
depends  up>on  the  virulence  of  the  microorganism  and  the  resisting 
powers  of  the  patient,  and  some  idea  of  the  nature  of  these  factors 
may  be  obtained  by  comparing  the  leukocyte  count  with  the  general 
condition  of  the  patient.  If  leukocytosis  is  slight  (12,000  to  15,000) 
or  absent,  it  means,  when  the  general  condition  is  good,  that  the 
infection  is  trivial,  well  encapsulated  or  chronic,  or,  when  the 
general  condition  is  bad,  that  the  infection  is  overwhelming.  If 
leukocytosis  is  marked  (20,000  or  higher)  it  means,  when  the  general 
condition  is  good,  that  the  infection,  although  serious,  is  probably 
being  localized  or  conquered,  or,  when  the  general  condition  is  bad, 
that  the  infection,  although  actively  combated,  is  too  great  for  the 
patient's  resistance.  As  with  the  temperature,  pulse,  and  respira- 
tions, repeated  observations  are  of  more  value  than  a  single  observa- 
tion. A  rising  leukocytosis  indicates  a  spreading  infection  or  pus 
formation.  According  to  Hewitt  the  total  leukocyte  count  is  an 
index  of  the  patient^s  resistance  to  the  infecting  organism,  and  the 
relative  pwlynuclear  count  an  index  of  the  severity  of  the  infec- 
tion. If  the  relative  polynuclear  count  is  between  75  and  80  per 
cent,  infection  is  probably,  if  between  80  and  85  usually,  and  if  above 
85  almost  certainly  present.  The  normal  polynuclear  count  is  from 
60  to  70  per  cent,  of  the  total  number  of  leukocytes. 

lodophilia  (iodin  reaction  in  the  leukocytes)  is  found  in 
septic  processes,  but  as  it  occurs  in  many  other  conditions,  e.g., 
malaria,  late  typhoid,  etc.,  it  is  of  little  value  to  the  clinician.  Eosino- 
philid  occurs  in  parasitic  diseases,  such  as  hydatid  cysts,  trichiniasis, 
anclylostonuasis,  and  filariasis,  but  also  in  asthma  and  certain  skin 
diseases,  hence  its  value  is  not  absolute.  The  presence  of  filaria  is 
readily  determined,  however,  by  a  microscopic  examination  of  the 
blood  during  the  night. 

An  estimation  of  the  coagulation  time  of  the  blood  is  particularly 
indicated  in  cases  like  chronic  jaundice  and  hemophilia,  in  whkVv 
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operation  may  be  fatal  from  uncontrollable  oozing  of  blood.  Nor- 
mally it  is  from  three  to  six  minutes. 

Tests  for  hemolysis  and  agglutination  should  be  made  before 
direct  blood  transfusion,  and  in  hemolytic  jaundice.  The  aggluti- 
nation reaction  of  Widal  is  of  great  importance  in  the  diagnosis  of 
typhoid  fever.  Serodiagnosis  (complement  fixation  test)  is  routine 
in  syphilis,  and  only  occasionally  employed  in  gonorrhea,  pregnancy, 
carcinoma,  hydatid  disease,  and  several  medical  affections.  Chem- 
ical examination  of  the  blood  for  nonprotein  nitrogen  and  sometimes 
for  other  substances  is  used  in  estimating  the  functional  capacity 
of  the  kidney  (q.v.).  Examination  of  the  blood  for  bacteria  and 
acetone  is  sometimes  desirable,  both  for  diagnosis  and  prognosis. 

Among  the  diseases  which  may  simulate  surgical  conditions,  and 
which  may  be  excluded  by  a  blood  examination,  are  malaria  (malaria 
parasites),  typhoid  fever  (Widal  reaction  and  leukopenia),  lymphatic 
and  splenomeduUary  leukemia  (enormous  leukocytosis,  particularly 
of  the  lymphocytes  in  the  former,  and  of  the  myelocytes  in  the  latter), 
and  lead  poisoning  (basophilic  granulations  in  the  red  cells).  It  may 
be  recalled  that  pneumonia,  which  may  simulate  intraabdominal 
inflammation,  causes  a  leukocytosis  and  that  Hodgkin's  disease 
produces  no  distinctive  blood  changes. 

TOE  X-RAY 

The  X-ray  penetrates  substances  opaque  to  the  ordinary  forms 
of  light,  casts  shadows,  causes  fluorescence  of  certain  salts,  and 
has  the  same  chemical  action  upon  photographic  films  as  sunlight. 

The  apparatus  necessary  for  the  production  of  the  X-ray  con- 
sists of  a  sealed  glass  vacuum  tube  (Crookes  tube),  containing 
two  or  three  electrodes,  and  a  machine  capable  of  generating  elec- 
trical currents  of  high  voltage.  One  of  the  electrodes,  the  cathode, 
is  a  concave  metallic  disk,  which  is  connected  with  the  negative 
terminal  of  the  exciting  apparatus.  At  the  focus  of  this  reflector  is 
a  metallic  disk  called  the  target.  The  electrode  connected  with  the 
positive  terminal  is  called  the  anode.  Electrical  discharges  suit- 
able for  exciting  a  Crookes  tube  may  be  obtained  from  static  ma- 
chines, high  frequency  coils,  the  ordinary  induction  coil,  or  prefer- 
ably from  the  more  modem  high-tension  transformer.  In  a  prop- 
erly excited  Crookes  tube  there  is  a  current  of  electricity  flowing 
toward  the  cathode,  from  the  concave  surface  of  which  it  is  focused 
upon  the  target.  As  far  as  we  know  the  rays  originate  at  this  point. 
The  green  light  seen  in  an  excited  tube  is  due  to  fluorescence  of  the 
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glass  produced  by  the  rays,  which  themselves  are  invisible.  Coolidge 
has  invented  a  new  type  of  tube,  which  is  particularly  valuable  for 
therapeutic  purposes.  Its  anode  is  a  solid  block  of  wrought  tungsten, 
its  cathode  a  spiral  of  tungsten  wire,  which  is  heated  to  a  definite 
temperature  by  the  current  from  a  12-volt  storage  battery.  The 
high-tension  current  will  pass  through  the  tube  only  when  this 
spiral  is  heated  to  a  certain  degree  of  incandescence,  and  this  degree  of 
heat  determines  the  amount  of  current  that  can  be  passed  through 
the  tube.  Further,  the  voltage  of  the  high-tension  current  determines 
the  hardness  or  softness  of  the  X-rays  emitted,  so  that  by  means  of 
proper  meters  accurate  doses  of  the  X-rays  may  be  given.  The 
vacuum  in  the  CooUdge  tube  is  about  1,000  times  as  great  as  in  the 
ordinary  tube  and  needs  no  regulation. 

The  Fluoroscope  consists  of  a  piece  of  cardboard  on  one  side  of 
which  is  spread  a  thin  layer  of  finely  ground  crystals  of  barium 
platinocyanid,  potassium  platinocyanid,  or  tungstate  of  calcium. 
This  screen  is  mounted  in  an  apparatus  so  constructed  as  not  to 
exp>ose  the  operator  to  the  X-rays  while  studying  the  patient. 
When  brought  near  an  active  Crookes  tube,  the  crystals  become 
luminous  and  give  oflF  a  faint  green  light.  The  transparency  of 
substances  to  the  X-rays  varies  according  to  their  atomic  weights.  If 
the  hand  be  placed  between  an  excited  tube  and  the  fluorescent 
screen,  the  softer  tissues  will  appear  as  faint  shadows,  and  the  bones, 
which  are  more  dense,  as  dark  shadows.  When  these  shad^ows  fall 
upon  a  photographic  plate,  the  silver  bromid  is  changed  as  with 
light  rays,  and  if  the  plate  is  then  develoi>ed,  a  permanent  record  of 
the  shadows  is  obtained  {Rddiogram,  or  Skiagram),  To  make  good 
pictures  requires  skill  and  much  time,  consequently  most  practitioners 
refer  their  cases  to  a  Rontgenologist.  The  physician,  however, 
should  have  some  knowledge  of  the  interpretation  of  plates,  be  famil- 
iar with  the  indications .  for  the  use  of  the  X-ray  (diagnostic  and 
therapeutic),  and  know  the  dangers  which  may  arise. 

The  interpretatkm  of  X-ray  pictures  is  a  study  in  shadows,  which, 
like  those  cast  by  a  candle  light,  are  subject  to  distortion  in  size 
and  in  shape.  The  least  distortion  occurrs  when  the  object  is  very 
thin,  is  in  close  contact  with  the  screen  or  plate,  is  as  far  from  the 
tube  as  the  rays  are  effective,  and  when  the  object  and  the  target  are 
in  a  plane  perpendicular  to  the  plate,  hence  one  should  know  the 
distance  between  the  tube,  the  object,  and  the  plate,  the  angle  at 
which  the  picture  was  made,  and,  if  possible,  the  size  of  the  object 
(Figs.  I  and  2).  The  kind  of  tube  employed  also  influences  the 
results.    A  high  vacuum,  or  hard,  tube  gives  a  small  quantity  of 
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deeply  penetrating  rays  and  little  contrast  between  the  tissues 
of  different  densities;  a  low  vacuum,  or  soft,  tube  a  large  quantity  of 
feeble  rays  and  decided  contrast  between  the  various  tissues.  One 
must  be  familiar  with  the  shadows  of  normal  tissues  at  different  ages. 
In  the  child  the  bones  cast  faint  shadows  and  some  of  the  epiphyses 
are  not  visible  until  puberty.  Ununited  epiphyses  may  be  mistaken 
for  fragments  of  bone,  epiphyseal  junctures  for  lines  of  fracture. 
Other  sources  of  error  are  defective  plates;  finger  marks;  congenital 

abnormalities,  e.g.,  a  bipartite  scaphoid  and 
extra  bones  (trigonum,  tibiale  extemimi, 
vesalianum,  ribs);  sesamoids;  grooves  for 
blood  vessels  and  suture  lines,  e.g.,  in  the 
skull;  dense  areas  in  the  skin  (warts,  scars, 
fibromata);  external  applications  (zinc, 
mercury,  iodin,  lead  water);  superimp)osed 
.  .  shadows,  which  may  be  recognized  by  taking 

f    •  .  •  a  second  plate  at  a  different  angle;  enlarged 


'    I   I   •  bronchial  glands,  simulating  aneurysm;  gas 

,     '    ;    •  in  the  intestine;  fecal  masses,  calcified  lymph 

f 


..^ 


'     I    1    \  glands,    phleboliths,    and    like    conditions, 

which    may   be    mistaken    for  calculi   and 
/       '     !     '.  foreign  bodies;  and,  owing  to  the  desire  to 

make  small  plates,   failure  to  include  the 
'       I      J      ;  lesion  in  the  area  of  investigation. 

/       !      i      \  As  a  diagnostic  agent  the  fluoroscope 

permits  quick  and  easy  examinations,  but 
L the  images  lack  detail,  so  that  small  foreign 


/ 
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Fig.  i.-Notethesizeof   ^odies,  and  fractures  without  deformity  are 
the  object  (a)  and  its  shadow   frequently    Overlooked .     Consequently    the 

(b)  when  the  former  is  near     -,  .  ^  ■*      i  •   n       .         i 

the  tube  and  some  distance   fluoroscope  IS  employed  chiefly  to  observe 
from  the  plate;  and  of  the    ^.j^^  movements  of  aneurysms,  the  heart,  the 

object  (c)  and  its  shadow  (d)  ^  .  . 

when  the  object  is  far  from   lungs,  the  diaphragm,  and  the  peristalsis  of 
the  tube  and  near  the  plate,    ^j^^  stomach  and  intestines.     The  radiograph 

gives  a  {permanent  picture  with  delicate  detail  and  sharp  outlines  not 
found  in  the  fluoroscopic  image. 

These  pictures  are  of  great  value  in  localizing  foreign  bodies^ 
either  extraneous,  such  as  bullets,  needles,  etc.,  or  those  formed 
within  the  tissues,  such  as  renal  and  vesical  calculi.  Minute  frag- 
ments of  coal,  wood,  and  glass  other  than  lead-glass,  however, 
may  evade  detection,  particularly  if  overshadowed  by  bone,  or 
si(ome  distance  from  the  plate.  A  preliminary  fluoroscopic  observa- 
tion is  made,  and  a  mark  placed  on  the  skin  directly  over  the  foreign 
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body.  Stereoscopic  plates  are  then  taken  to  determine  the  relation 
of  the  foreign  body  to  some  surgical  landmark.  To  obtain  stereo- 
scopic plates  it  is  necessary  to  have  a  plate  holder,  by  means  of 
which  plates  can  be  inserted  and  removed  without  disturbing  the 
part  to  be  skiagraphed.  Two  plates  are  exposed,  the  tube  being 
moved  horizontally  two  and  one-half  inches,  the  average  inter- 
pupillary  distance.  The  plates  are  now  developed  and  examined 
with  a  stereoscope,  when  the  depth  of  the  foreign  body  and  the 
perspective  of  the  various  planes  of  tissue  can  be  seen.  Even  the 
lines  in  the  skin  will  appear  if  a  thin  coating  of  bismuth  be  applied 
before  the  plates  are  made.  If  a  surgical  landmark  is  not  in  close 
proximity  to  the  foreign  body  a  special  localizing  technic  must  be 


9^       * 


irt 


c 


Pic.  2. — Diagram  showing  distortions  produced  by  the  X-ray.  The  horizontal  line 
reprc^nt>  the  X-ray  plate,  seen  in  profile;  the  objects  above,  broken  bones;  those  below 
the  shadows  as  seen  on  the  plate.  On  the  left  is  shown  an  oblique  fracture  with  overlap- 
ping, the  shadows  of  which  indicate  a  transverse  fracture  with  separation;  on  the  right  a 
transverse  fracture  with  no  overlapping,  the  shadows  of  which  indicate  an  oblique  frac- 
ture with  overlapping.  As  the  shadows  of  the  fragments  nearer  the  tube  are  larger  and 
less  distinct  than  those  close  to  the  plate,  an  expert  might  detect  these  errors  merely  from 
the  skiagraph,  but  a  novice  could  easily  be  deceived.  In  all  doubtful  cases  a  second 
plate,  at  right  angles  to  the  first,  should  be  taken  or  stereoscopic  plates  made. 

employed.  The  simplest  method  is  to  make  two  plates  in  planes  at 
right  angles  to  each  other.  Manges,  Sweet,  and  others  have  devised 
exceedingly  accurate  but  complicated  forms  of  apparatus  for  deter- 
mining the  situation  of  a  foreign  body,  but  the  principle  of  all  is  that 
of  angulation,  as  in  the  method  here  described.  The  target  of  the 
X-ray  tube  is  fixed  directly  over  the  mark  on  the  skin,  the  distance 
between  the  target,  the  skin,  and  the  plate  being  measured. 
The  tube,  with  the  vertical  distance  from  the  plate  remaining 
constant,  is  moved  three  inches  to  the  left  and  an  exposure  made, 
then  three  inches  to  the  right  of  the  starting  point  and  a  second 
exposure  made.  The  plate  is  now  developed,  the  distance  between 
the  two  images  measured,  and  the  depth  calculated  (Fig.  3).     If, 
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despite  the  use  of  these  or  similar  methods  of  localization,  the  sur- 
geon tails  to  find  the  foreign  body,  it  may  be  extracted  with  the  aid 
of  the  fluoroscope.  However,  operating  in  a  dark  fluoroscopic 
room  is  inconvenient  and  not  without  danger  to  the  patient  and 
the  surgeon. 

The  X-ray  is  indicated  in  the  diagnosis  of  so  many  conditions, 
other  than  those  already  mentioned,  that,  in  order  to  avoid  rep)etition, 

we  must  refer  the  student  for  additional  informa- 
tion to  subsequent  pages,  particularly  those  deal- 
ing with  fractures,  dislocations,  bone  diseases,  sinus 
and  fistula,  the  lungs  and  pleural  cavity,  sub- 
phrenic abscess,  the  esophagus,  the  stomach,  the 
intestines,  and  the  kidney.  We  shall  there  call 
attention  to  some  of  the  methods  employed  to 
aid  in  the  differentiation  of  tissues  and  thus 
facilitate  radiographic  examinations,  e.g.,  the  in- 
troduction of  opaque  substances  into  sinuses,  the 
alimentary  canal,  and  the  urinary  apparatus,  and 
the  injection  of  gas  into  the  bladder,  ventricles  of 
the  brain,  subarachnoid  space,  and  peritoneal 
activity. 

FIG.  3—1  and  2  The  fherapeutic  effects  of  the  rajrs  may  be 
sh^ow^of  the^foreign  classified  as  follows:  (i)  The  production  of  atro- 
body  and  are  K  inch  phj^  changes  in  the  appendages  of  the  skin ;  (2)  the 

apart,    the  same  dis-   ^  ,  °  \^        ,  °  ,  /   \ 

tance  as  the  shadows  destruction  of  Organisms  in  the  tissues;  (3)  the 
cL^^poid^tL^th^^^^  destruction  of  certain  pathological  tissues;  and 
positionsof  the  tube;  (^)  their  anodyuc  effccts.     (i)  In  hypertrichosis, 

5   corresponds  to  the  .  j   .       .      x  -^  •      j      •      i  i 

distance  of  the  target  sycosis,  favus,  and  tenia  tonsurans  it  is  desirable 
l!Snt  where^lhe  iki^s  ^^  Tcmove  the  hair.     Atrophy  and  decreased  func- 

intersect  represents  tional  activity  of  the  SebaceOUS  glands  are  in- 
foreign  ^ody^  from  dicated  in  comedo  and  acne.  (2)  Though  the 
the  surface  next  to  ray s  apparently  have  no  cfTcct  on  organisms  grow- 

trie  plate.    (American    ^  ^  ^ 

Practice  of  Surgery.)  iug  upon  culture  media,  they  have  a  decided  effect 

upon  their  growth  when  in  the  living  tissues. 
Thus  tuberculous  ulcers  and  sinuses  and  those  due  to  ordinary 
pyogenic  organisms  may  dry  up  when  exposed  to  the  rays.  A 
similar  effect  is  produced  upon  diseases  due  to  mycelial  fungi, 
such  as  tenia  barbae,  tenia  tonsurans,  favus,  and  blastomycosis.  The 
destruction  of  these  organisms  is  probably  brought  about  by  tissue 
cells  stimulated  to  activity  by  the  rays.  (3)  Embryonic  and  glandular 
cells  are  most  susceptible  to  the  destructive  action  of  the  X-rays. 
In  inoperable  malignant  tumors,  which  are  composed  of  embryonic 
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cells,  radiotherapy  is  often  of  decided  value  in  lessening  discharge, 
diminishing  fetor,  and  ameliorating  pain,  and  occasionally  the  growth 
shrinks  for  a  time.  The  only  form  of  malignant  disease  that  can  be 
cured  in  this  way  is  chronic  superficial  epithelioma,  and  even  in  this 
excision  is  quicker  and  safer.  Some  surgeons  advise  radiotherapy 
after  all  op)erations  for  carcinoma  and  sarcoma,  to  prevent  recurrence- 
Fibroid  tumors  of  the  uterus,  keloids,  and  scars  also  may  be  influenced 
by  X-ray  treatment.  Owing  to  the  endarteritis  produced  by  the 
rays  angiomata  may  disappear,  and  chronic  bleeding,  e.g.,  from  the 
utems,  be  brought  under  control.  Good  results  have  been  claimed 
for  this  agent  in  exophthalmic  goiter,  and  it  is  of  unquestionable 
value  in  enlarged  lymph  glands  from  any  cause,  as  well  as  in  spleno- 
meduUary  leukemia.  (4)  As  an  anodyne  the  X-rays  have  been  used 
not  only  in  malignant  disease,  but  also  in  neuralgia  and  other  painful 
affections,  sometimes  with  excellent  results.  In  making  therapeutic 
applications  of  the  X-ray,  the  operator  should  always  protect 
the  healthy  parts  by  a  shield  of  lead,  and  when  the  rays  are  to  be 
projected  into  deep  structures  filters  of  leather  or  aluminium  should 
be  placed  between  the  tube  and  the  skin.  These  filters  absorb  the 
softer  rays,  thus  permitting  larger  doses  of  the  penetrating  rays 
without  irritating  the  skin. 

Untoward  Effects. — The  X-ray  bum  is  characterized  by  de- 
layed onset  and  remarkable  sluggishness  in  healing.  The  acute 
bum,  i.e.,  one  resulting  from  a  single  prolonged  exposure,  usually 
appears  on  the  second  or  third  day,  but  may  be  delayed  as  late  as 
the  fourteenth  day.  It  is  essentially  an  inflammatory  process,  ap- 
pearing at  first  much  like  the  erythema  of  sunburn,  and  like  sunburn 
leaves,  when  it  subsides,  a  pigmentation  of  the  skin,  which  is  more 
pronounced  in  those  of  dark  complexion.  If  subsidence  does  not 
occur  in  this  stage,  vesicles  and  blebs  develop  which  rupture  and 
expose  the  inflamed  corium;  occasionally  the  deeper  structures 
are  invaded,  and  extensive  sloughing  may  occur.  The  microscopic 
changes  are  those  of  degeneration  and  inflammation.  Chronic  burns 
occur  in  those  constantly  exposed  to  the  rays.  They  appear  slowly 
after  an  incubation  period  of  from  three  to  eleven  years.  The  clinical 
features  in  the  beginning  are  similar  to  those  of  acute  burns,  but  the 
red  color  changes  to  a  bronze  or  yellow,  the  nails  show  rugae  of  mal- 
nutrition, telangiectatic  spots  develop,  and  the  skin  becomes  glossy 
because  of  the  loss  of  glands  and  hair.  Cracks  and  hyperkeratoses 
appear  and  ulcers  form,  often  exposing  the  tendons  and  even  the 
bones,  and  occasionally  undergoing  epitheliomatous  degeneration. 
Porter  has  collected  47  cases  of  X-ray  carcinoma,  with  a  mortality 
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of  25  per  cent.  The  skin  seems  to  be  easily  protected  by  the  ordinary 
clothing,  for  no  case  has  been  reported  except  upon  the  exposed 
surfaces.  At  the  present  time  the  operator  wears  leaded  gloves,  and 
stands  behind  a  screen  made  of  some  substance  impervious  to  the 
rays,  as  heavy  plate  glass,  sheet  iron,  or  lead.  If  healing  does  not 
occur  after  the  usual  applications  for  ulcer,  an  X-ray  burn  may  be 
excised,  and  the  resulting  raw  surface  closed  by  a  plastic  operation  or 
covered  with  skin  grafts.  Prolonged  exposure  to  the  X-rays  may 
cause  sterility  in  either  sex,  sometimes  transient,  sometimes  per- 
manent. Examination  of  the  blood  of  Rontgenologists  often  shows  a 
decrease  in  the  total  number  of  leukocytes  and  an  increase  in  the 
number  of  lymphocytes.  Sometimes  after  the  radiation  of  a  tumor 
or  other  lesion  there  is  a  general  reaction,  characterized  by  fever, 
and  supposed  to  be  due  to  toxemia  from  the  absorption  of  the  prod- 
ucts of  cellular  degeneration. 

Radium  and  certain  other  mineral  substances  (uranium,  thorium, 
polonium)  emit  rays  similar  to,  if  not  identical  with,  the  X-rays. 
Radium  bromid  is  the  material  usually  employed  for  therapeutic 
purposes.  It  is  kept  in  a  hermetically  sealed  glass  tube,  which  may 
be  applied  to  a  surface  lesion,  or  buried  in  the  tissues  after  making  an 
incision.  Exposures  last  from  one  to  many  hours.  Radium  therapy 
has  been  tried  in  the  same  diseases  that  are  treated  by  the  X-ray. 
The  time  is  not  yet  ripe  for  passing  judgment  on  the  value  of  this 
agent.  Its  rays  seem  to  have  greater  penetrating  power  than  the 
X-rays,  and  some  believe  they  have  a  specific  action  not  possessed 
by  the  X-rays.  The  chief  objections  to  the  use  of  radium  are  its 
enormous  expense  and  the  difficulty  in  obtaining  a  pure  sample. 


CHAPTER  II 

ANESTHESIA 

anesthesia  means  loss  of  sensation  produced  by  certain 
agents,  which  are  called  anesthetics. 

GENERAL  ANESTHESIA  is  associated  with  unconsciousness, 
and  is  indicated  to  abolish  pain  during  surgical  operations,  renal 
colic,  etc.;  to  control  convulsive  seizures;  to  secure  muscular  relaxation 
in  order  to  make  a  diagnosis,  to  facilitate  operative  manipulations, 
especially  in  the  abdomen,  or  to  carry  out  such  treatment  as  reduc- 
tion of  a  hernia,  a  fractured  bone,  or  a  dislocated  joint;  and  to  abolish 
volition  in  order  to  detect  a  malingerer.  Except  for  the  purpose  of 
saN-ing  life,  it  is  contraindicated  in  profound  shock,  great  exhaustion, 
and  in  acute  or  advanced  renal,  circulatory,  or  pulmonary  disease. 
The  general  anesthetics  most  frequently  employed  are,  in  the  order 
of  their  safety,  nitrous  oxid  (one  death  in  300,000),  ether  (one  death 
in  15,000),  ethyl  chlorid  (one  death  in  12,000),  and  chloroform  (one 
death  in  3.000). 

The  choice  of  a  general  anesthetic  depends  principally  upon  the 
condition  of  the  patient  and  the  character  of  the  operation. 

Ether  is  the  best  and  least  dangerous  general  anesthetic  in  the 
hands  of  one  with  little  experience,  likewise  in  the  hands  of  the 
!>pecialist  in  anesthesia  when,  as  is  the  case  in  most  of  the  major 
operations  of  surgery,  the  patient  is  to  be  completely  relaxed,  hence, 
under  these  circumstances,  it  should  always  be  employed  unless  there 
lire  distinct  contraindications.  The  most  important  contraindica- 
tions to  ether  are  (i)  inflammation  of  some  portion  of  the  respiratory 
apparatus,  because  of  the  irritating  action  of  the  drug  on  mucous 
membranes,  and  (2)  the  presence  of  fire  in  an  open  grate  or  stove, 
which  may  ignite  the  ether.  Since  ether  vapor  is  heavier  than  air 
and  descends,  the  danger  of  an  exposed  artificial  light  is  obviated  by 
placing  the  light  several  feet  above  the  level  of  the  patient's  head. 
The  actual  cautery  may  be  used  in  the  region  of  the  mouth,  if  the 
precaution  is  first  taken  to  remove  the  anesthetic  and  fan  away  the 
fumes.  Of  secondary  importance,  and  by  no  means  absolute,  are 
'3)  marked  arteriosclerosis,  which  predisposes  to  vascular  rupture 
during  the  struggling  incident  to  etherization;  (4)  disease  of  tlie  kid- 
neys (many  authors  believe  chloroform  to  be  more  irritating  to  the 

kidne>'^s    than   ether;  in   these  cases  nitrous  oxid  and  oxygen  ot 
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local  anesthesia  should  be  employed  whenever  possible);  and  (5) 
operations  about  the  nose  or  mouthy  in  which  the  anesthetic  can  be 
applied  intermittently  only,  and  in  which  chloroform,  being  more 
powerful,  will  better  maintain  anesthesia;  this  contraindication 
ceases  to  exist  if  one  of  the  insufflation  methods  is  employed. 

Chloroform  secures  complete  muscular  relaxation,  and  does  not 
cause  the  veins  to  distend  like  ether,  hence  makes  bleeding  less 
annoying;  it  is  also  quicker  in  its  action,  more  agreeable  to  the 
patient,  and  more  convenient  to  the  anesthetist  and  operator,  espe- 
cially in  operations  about  the  head,  face,  and  neck;  but  these  ad- 
vantages are  overbalanced  by  its  increased  danger.  Chloroform 
is  no  safer  in  children  or  during  pregnancy  than  at  any  other  time. 
It  is  preferable  in  military  surgery,  because  it  economizes  space  and 
time,  and  is  generally  employed  in  the  tropics,  owing  to  the  great 
volatility  of  ether.  In  diseases  of  the  liver  and  in  diabetes  chloro- 
form is  absolutely  contraindicated.  In  the  latter  nitrous  oxid  mixed 
with  oxygen  is  the  safest  general  anesthetic;  ether,  however,  must 
be  employed  if  muscular  relaxation  is  mandator>'. 

Nitrous  oxid  is  by  far  the  safest  anesthetic  for  brief  operations 
(from  two  to  five  minutes)  in  which  muscular  relaxation  is  not  de- 
sired, such  as  the  extraction  of  a  tooth  or  the  incision  of  an  abscess. 
For  longer  operations  in  which  muscular  relaxation  is  not  important, 
nitrous  oxid  combined  with  oxygen  or  with  atmospheric  air  is  the 
safest  anesthetic.  It  is  particularly  indicated  in  diabetes  and 
nephritis.  It  is  contraindicated  when  the  heart  or  the  arteries  are 
seriously  affected,  when  there  is  mechanical  obstruction  of  the  air 
passages,  when  the  patient  is  under  five  years  of  age  (owing  to  the 
ease  with  which  infants  are  asphyxiated),  and  when  the  anesthetizer 
is  unskilled.  Muscular  adults  addicted  to  the  excessive  use  of  alco- 
hol and  tobacco  are  bad  subjects  for  nitrous  oxid,  indeed  for  any 
anesthetic.  Among  the  disadvantages  attending  the  administration 
of  nitrous  oxid  must  be  mentioned  its  great  expense,  the  necessity  for 
cumbersome  and  complicated  apparatus,  and  the  marked  increase  in 
venous  congestion,  the  last  constituting  a  decided  objection  in  many 
operations. 

Ethvl  chlorid  is  often  used  as  a  substitute  for  nitrous  oxid  in  brief 
operations  and  as  a  preliminary  to  ether.  As  it  is  25  times  more 
dangerous  than  nitrous  oxid,  however,  we  believe  it  should  never  be 
employed. 

Tlie  preparation  for  anesthesia  is  combined  with  that  of  the 
operation  itself  (see  ''Surgical  Technic")-  One  should  examine  the 
heart,  blood  vessels,  lungs,  urine,  nose,  throat,  mouth,  and  in  many 
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i:i>i*s  the  bliKKl.  The  bowels  should  be  moved  by  a  laxative,  and 
un  the  morning  of  the  operation  by  an  enema.  In  the  feeble  and 
exhausted  purgation  should  be  avoided,  and  stimulating  or  nutri- 
livf  enemas  continued  until  within  a  few  hours  of  the  operation. 
N<  ♦  s<  ilid  food  should  be  given  on  the  day  of  operation,  although  a  cup 
^)\  lea.  colTee,  or  consomme  may  be  given  not  less  than  six  hours 
briorc  the  time  of  anesthesia.  Just  before  administering  the  anes- 
thetic the  patient  should  pass  urine,  or,  if  necessary,  be  catheterized. 
If  a  woman,  hair-pins  should  be  removed  and  the  hair  braided 
and  done  up  in  a  cap  or  towel.  Artificial  teeth  or  other  foreign 
boilies  should  be  removed  from  the  mouth,  the  lips  and  nostrils 
i:rcascd.  especially  if  chloroform  is  to  be  used,  and,  to  prevent  con- 
junctivitis from  chloroform  or  ether  vapor,  a  drop  of  liquid  petrola- 
tum instilled  into  each  conjunctival  sac.  The  patient  should  be 
protected  from  cold,  and  jewelry  of  various  kinds  should  be  put 
away  in  a  safe  place.  In  emergency  cases,  if  the  patient's  stomach  is 
full,  and  especially  in  intestinal  obstruction,  gastric  lavage  should  be 
{>erforme<l  previous  to  the  administration  of  the  anesthetic,  in  order 
li)  prevent  sudden  death  from  inundation  of  the  lungs  with  vomited 
matter.  In  these  cases  an  enema  may  or  may  not  be  given,  accord- 
ing to  the  character  of  the  operation,  but  in  all  a  complete  examina- 
tion >hould  be  made.  A  patient  should  never  be  anesthetized 
without  removing  the  shoes  and  without  making  sure  that  all  cloth- 
ing about  the  neck,  chest,  and  abdomen  is  loose;  corsets  always  should 
be  removed.  With  the  possible  exception  of  nitrous  oxid,  a  patient 
-hould  never  be  anesthetized  in  the  sitting  posture. 

The  iincsthetist  should  ascertain  whether  the  patient  has  pre- 
\  iously  taken  an  anesthetic,  and  whether  addicted  to  the  use  of  alco- 
hol or  other  drugs.  He  should  know  the  results  of  the  urinalysis, 
ii-tcn  to  the  heart  and  lungs,  study  the  pulse,  note  the  color  of  the 
-kin  an<l  mucous  membranes,  and  assure  himself  that  the  mouth  is 
free  of  foreign  bodies.  His  hands  should  be  clean,  and  in  operations 
on  the  head  and  neck  they  should  be  sterilized.  He  should  wear  a 
-icrile  gtAvn  and  cap.  In  addition  to  the  anesthetic  and  inhaler  one 
>houM  provide  himself  with  a  mouth-gag,  tongue  forceps,  a  pair  of 
hemo-itats  v^ith  gauze  sponges  for  swabbing  out  the  pharynx,  a  hypo- 
'iermic  syringe  with  strychnin  and  atropin,  and  a  tracheotomy  tube. 
It  i^  <lesirable  to  have  also  a  solution  of  boric  acid  for  the  eyes  in  case 
thtry  become  irritated,  and  in  some  instances  oxygen  may  be  needed. 
A  third  person  should  always  be  present  to  assist,  if  necessary,  in 
rt-atraining  the  patient  and  to  act  as  a  witness,  as  unjust  accusations 
are  'k  casionally  made  against  the  anestheti^er,  espedally  by  females. 
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The  administratioii  of  ether  by  inhalation  is  rendered  less  terrify- 
ing to  the  patient,  and,  it  is  said,  actually  less  dangerous,  if  three  or 
four  drops  of  a  25  per  cent,  solution  of  oil  of  bitter  orange  peel  in 
alcohol  (75  per  cent.)  is  placed  on  the  mask  a  few  minutes  before 
adding  the  anesthetic.  It  is  supposed  that  oil  of  orange,  by  dulling 
the  sense  of  smell  to  the  irritating  fumes  of  ether,  prevents  harmful 
reflex  stimulation  of  the  pneumogastric  nerve.  One  of  three  methods 
of  etherization  by  inhalation  may  be  employed.  In  the  open  method, 
which  is  very  slow,  the  ether  is  inhaled  from  a  folded  towel,  held  over 
the  patient's  nose  and  mouth  in  such  a  way  as  not  to  exclude  the  air. 
The  dosed  method,  in  which  the  air  is  decidedly  restricted,  and  in 
which  the  expiratory  products  are  retained  and  rebreathed,  is  quick,, 
and  warms,  moistens,  and  economizes  the  ether,  but  is  more  dan- 
gerous than  either  of  the  other  methods.  Some  anesthetists  main- 
tain, however,  that  rebreathing,  with  all  forms  of  inhalation  anes- 
thetics, is  physiologically  advanta- 
geous. Those  who  use  the  closed 
method  find  the  Clover  inhaler 
satisfactory.  It  consists  of  a 
dome-shaped  ether  reservoir  sur- 
rounded by  a  water  chamber, 
which  maintains  the  ether  at  the 
proper  temperature  for  evapora- 
tion. A  fenestrated  metal  tube 
runs  through  the  reservoir  from  a 
large  rubber  bag  to  the  face  piece. 
By  rotating  the  reservoir  varying  quantities  of  vapor  escape  into 
the  rubber  bag,  from  which  it  is  breathed  backward  and  forward 
with  the  expiratory  products;  fresh  air  may  be  admitted  from 
time  to  time  by  raising  the  face  piece.  The  semiopen  method,  in 
which  the  entrance  of  air  is  slightly  limited,  but  in  which  the  ex- 
piratory products  are  not  retained,  is  the  one  commonly  employed. 
An  inhaler  may  be  improvised  by  rolling  a  folded  towel  or  a  piece 
of  gauze  into  the  shape  of  a  cone.  The  Allis  inhaler  (Fig.  4)  con- 
sists of  a  cyhndrical  metal  frame  with  slits  in  the  sides,  through 
which  a  flannel  bandage  is  threaded  backwards  and  forwards.  This 
is  enclosed  in  a  metal  case  or  folded  towel  which  projects  beyond 
the  frame  and  is  fitted  to  the  patient's  face.  The  inhaler  is  placed 
over  the  patient's  nose  and  mouth,  and  after  several  breaths  have 
been  taken  to  lessen  fright,  the  ether  is  applied  drop  by  drop  until  the 
patient  is  anesthetized,  the  intervals  between  the  drops  becoming 
shorter  as  the  patient  becomes  accustomed  to  the  vapor.    The 
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administration  should  be  uninterrupted  and  as  nearly  uniform  as 
possible.  During  the  jirsl  stage  of  anesthesia,  which  ends  with  the 
loss  of  consciousness,  the  pulse  is  accelerated,  the  pupils  large  and 
mobile,  and  a  rather  pleasant  feeling  of  drowsiness,  and  tingling 
in  the  extremities,  is  experienced.  Many  patients  breathe  deeply, 
others  hold  their  breath;  in  the  latter  instance  all  that  need  be  done 
is  to  remove  the  cone  for  a  moment.  Cough  is  rarely  annoying  if  the 
drop  method  be  employed.  With  the  onset  of  unconsciousness  there 
is  a  short  period  of  analgesia  {primary  aneslhesia),  during  which 
brief  operations  may  be  performed.  The  second  stage,  or  the  stage  of 
excitement,  extends  from  the  loss  of  consciousness  to  the  loss  of 
reflexes.  Memory,  volition, 
and  intelligence  are  abolished, 
while  laughing,  shouting,  and 
struggling  may  occur.  Slight 
movements  of  the  extremities 
should  not  be  restrained  un- 
less they  interfere  with  the 
anesthetist,  as  such  often 
evokes  greater  struggling. 
The  pulse  is  rapid,  the  pupils 
are  dilated  and  react  to  light, 
and  the  muscles  may  be  rigid 
or  thrown  into  clonic  contrac- 
tions. At  this  time  the  p,^.  s._v,porizin«  apparatus.  Note  that 
breathing  may  be  irregular  the  ether  reservoir  is  only  half  filled  and  that  the 
.,  J  J  long  tube  in  it  is  attached  to  the  pump;  if  the 
or  temporanly  suspended,  short  tub*  were  connected  with  the  pump,  liquid 
The  face  is  congested,  some-  *'''^  «'""'<1  •"  <*""'«''  ^"^  «''*  reservoir.  Even 
.  °  when  the  tube?  are  properly  arranged,  a  spray 
times  cyanotic,  and  often  of  ether  may  be  forced  from  the  reservoir,  hence 
covered  with  perspiration,  the^^-;;^  bottle  on  the  left,  which  act,  a.  a 
More  or   less  frothy   mucus 

is  present  in  the  mouth  and  throat,  and  sometimes  it  becomes  exces- 
sive. During  the  third  stage  the  breathing  is  deep  and  audible,  the 
pulse  full  and  regular,  the  muscles  relaxed,  and  the  corneal  reflex 
abolished.  Touching  the  cornea  with  the  finger,  however,  may  pro- 
duce irritation,  and  it  is  much  better  simply  to  separate  the  lids 
and  notice  the  presence  or  absence  of  flaccidity.  The  pupils  are  of 
moderate  size  and  react  to  light.  Dilated  pupils  failing  to  react  to 
Ught  indicate  a  dangerous  degree  of  anesthesia.  During  this  stage 
a  transient  roseolous  rash  may  be  noticed. 

Insofflatum  of  etfaet  into  tiie  mouth,  nose,  ta  pharynx  is  indi- 
cated particularly  in  operations  about  the  head,  face.  mout\i,  and 
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neck,  since  it  removes  the  anesthetizer  from  the  field  of  operation  and 
permits  an  uninterrupted  administration  of  the  anesthetic.     Anes- 
thesia is  induced  by  one  of  the  foregoing  methods  and  maintained  by 
a  vaporizing  apparatus  (Fig.  5).     By  means  of  a  hand  bulb,  a  foot 
pump,  or  an  electric  blower,  air  is  forced  through  a  bottle  of  ether, 
which  is  placed  in  a  can  of  water  at  a  temperature  of  98°  F.    The 
ether  vapor,  thus  warmed,  an  important  matter  according  to  recent 
investigations,  passes  through  an  empty  bottle,  which  acts  as  a 
condenser,  to  the  outlet  tube.     The  outlet  tube  is  connected  by  soft 
rubber  tubing  with  a  curved  metal  or  hard  rubber  tube  which  is 
hooked  in  the  nostril  or  angle  of  the  mouth,  or  with  a  catheter  which 
passes  back  through  the  nostril  to  the  level  of  the  soft  palate.     Intra- 
pharyngeal  insufflation  economizes  ether,  facilitates  breathing,  and 
causes  less  cyanosis  and  postanesthetic  vomiting  than  the  ordinary 
inhalation  methods;  free  exit  should  be  provided  for  the  superfluous 
vapor  by  keeping  the  mouth  open,  or  by  inserting  a  tube  in  the 
opposite  nostril. 

Intratracheal  insufflation  of  ether  (Meltzer-Auer)  has  supplanted 
the  various  forms  of  apparatus  designed  to  prevent  collapse  of  the 
lungs  during  intrathoracic  operations,  since  it  not  only  obviates  the 
danger  of  pneumothorax  but  automatically  ventilates  the  lungs. 
It  keeps  the  anesthetizer  out  of  the  way,  eUminates  the  possibility 
of  obstruction  of  the  air  passages,  prevents  the  inhalation  of  blood, 
mucus,  vomitus,  and  other  deleterious  substances,  and,  owing  to  the 
absence  of  cyanosis,  lessens  venous  hemorrhage;  hence  is  it  of  great 
value  in  operations  about  the  mouth  and  pharynx,  in  operations  for 
intestinal  obstruction  in  which  fluid  is  constantly  regurgitated  from 
the  stomach,  in  operations  for  goiter  and  similar  conditions  in  which 
the  trachea  is  displaced  or  distorted,  and  in  operations  in  which  the 
patient  must  lie  face  downwards.  According  to  Peck  the  relief  of  all 
strain  upon  the  respiratory  apparatus  and  consequently  the  relief 
of  much  strain  upon  the  heart  and  central  nervous  system  is  one  of 
the  most  valuable  features  of  the  method.  ^^Overetherization  is 
impossible.'^  In  cases  of  apnea  from  opium  poisoning,  etc.,  air,  or 
air  mixed  with  oxygen,  can  be  blown  into  the  trachea,  thus  maintain- 
ing aeration  of  the  blood  until  spontaneous  respiration  returns.  We 
have  employed  intratracheal  insufflation  of  ether  in  many  cases,  and 
feel  that  its  merits  have  not  been  overstated.  The  patient  is  first 
etherized  in  the  usual  way;  then,  with  the  aid  of  a  Jackson  laryngo- 
scope, a  silk  elastic  catheter  is  inserted  into  the  trachea  to  a  point 
just  short  of  its  bifurcation.  In  addition  to  the  noise  produced  by 
the  breath  passing  through  the  catheter,  one  may  be  sure  it  is  in  the 
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trachea,  unless  there  is  a  stricture  or  a  diverticulum  of  the  esophagus, 
by  pushing  the  catheter  onwards  until  it  meets  the  resistance  offered 
by  the  smaller  bronchi.  If  more  than  35  cm.  of  the  catheter  can  be 
introduced  it  is  in  the  esophagus,  in  which  event  the  ether  will  enter 
and  distend  the  stomach.  The  catheter  should  be  about  half  the 
length  of  the  glottis  in  diameter,  i.e.,  about  24  F.  for  the  average 
adult,  and  correspondingly  smaller  for  children.  It  should  have  two 
marks  on  it,  one  13  cm.  and  one  26  cm.  from  the  tip.  When  the  latter 
mark  is  opposite  the  teeth  the  first  mark  is  opposite  the  glottis,  and 
the  tip  5  cm.  above  the 'bifurcation  of  the  trachea.  The  tube  is  held 
in  place  with  a  special  clip,  or  fastened  to  the  cheek  with  adhesive 
plaster,  and  then  connected  with  the  insuflSation  apparatus.  The 
apparatus  devised  by  Elsberg  or  a  simpler  home-made  contrivance 
may  be  employed.  The  air  is  driven  by  foot  bellows  (or  an  electric 
blower,  in  which  case  an  oil  filter  is  needed)  through  a  wash  bottle 
containing  hot  water,  thus  filtering,  warming,  and  moistening  the  air, 
which  is  then  delivered  to  a  bifurcated  tube,  one  branch  of  which 
passes  directly  to  the  tube  connected  with  the  catheter  and  the  other 
to  the  ether  reservoir,  the  ether  reservoir  having  another  tube  on  its 
opposite  side  joining  the  tube  connected  with  the  catheter.  By 
manipulating  clamps  or  stop-cocks  on  these  branches  the  patient 
may  receive  pure  air,  pure  ether  vapor,  or  a  mixture  of  air  and  ether. 
In  the  Elsberg  apparatus  the  percentage  of  ether  and  air  is  regulated 
by  a  hand  wheel  which  is  connected  with  an  indicator.  The  tube 
leading  to  the  catheter  is  connected  with  a  manometer,  which 
records  the  pressure  of  the  air  current  passing  through  it.  The 
average  pressure  during  anesthesia  should  be  20  mm.,  but,  if  indi- 
cated, it  can  be  increased  to  40  or  even  50  mm.  Every  minute  or 
two,  however,  the  pressute  should  be  reduced  to  zero  for  an  instant, 
to  allow  the  limgs  to  deflate.  The  percentage  of  ether  needed  varies 
wth  the  patient,  half  ether  and  half  air  probably  being  the  average. 
If  cyanosis  occurs,  it  means  that  the  tube  has  been  pushed  into  one 
of  the  smaller  bronchi,  that  it  is  not  far  enough  in  the  trachea,  or  that 
too  large  a  tube  has  been  introduced.  At  the  end  of  the  operation 
quick  recovery  from  the  anesthetic  can  be  secured  by  insufflating 
pure  air,  thus  blowing  the  ether  from  the  lungs.  At  this  time,  indeed 
at  any  time,  if  the  patient  is  not  completely  under  the  influence  of  the 
anesthetic,  a  mouth  gag  should  be  kept  between  the  teeth,  else  the 
catheter  may  be  bitten  off.  Hoarseness  and  pulmonary  complica- 
tions are  not  produced  by  insufflation  anesthesia,  post-anesthetic 
vomiting  is  less  common  than  after  other  methods,  and  shock  from 
operation  seems  to  be  less  marked  (Peck  and  Elsberg). 
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Intratracheal  insufflation  of  nitrous  oxid  and  oxygen,  after  pre- 
liminary etherization,  has  been  tried  by  Cotton,  Boothby  and  others. 

Intravenous  administration  of  ether  (Burckhardt)  is  not  recom- 
mended.    It  may  cause  thrombosis  and  embolism,  nephritis,  hemo- 
globinuria, and,  owing  to  the  large  amount  of  fluid  injected,  it  in- 
creases the  strain  on  the  heart,  and  markedly  augments  the  bleeding, 
even  from  the  smallest  vessels.     It  is  especially  dangerous  in  patients 
with  vascular  disease  or  a  high  blood  pressure.     Kiimmel  and  others, 
however,  advocate  this  method  of  etherization  in  cases  in  which 
intravenous  infusion  of  salt  solution  is  beneficial,  e.g.,   in  intra- 
abdominal bleeding  and  gastrectomy  for  carcinoma.     Normal  salt 
solution  at  a  temperature  of  8s°F.  (ether  boils  at  96°)  containing  5  per 
cent,  of  ether  is  allowed  to  run  slowly  into  a  vein  of  the  arm,  the  tech- 
nic  being  identical  with  that  for  the  infusion  of  salt  solution.     Con- 
nected with  the  cannula,  however,  is  a  second  tube  which  leads  from 
a  reservoir  containing  salt  solution  without  ether,  so  that  when 
the  stream  of  ether  is  interrupted  the  salt  solution  can  be  turned  on, 
thus  lessening  the  danger  of  clotting  in  the  vein.     In  from  five  to  ten 
minutes  after  beginning  the  injection  the  patient  is  ready  for  opera- 
tion.    Kiimmers  longest  anesthesia  extended  over  two  hours,  during 
which  time  1,700  cc.  of  the  mixture  (corresponding  to  85  grammes  of 
ether)  were  injected. 

Chloral,  veronal,  hedonal,  isopral,  and  paraldehyd  likewise  have 
been  administered  intravenously  for  the  production  of  general  anes- 
thesia, but  are  more  dangerous  than  ether. 

Rectal  etherization  has  been  employed  in  operations  about  the 
upper  respiratory  passages.  A  bottle  of  ether  to  which  a  rubber 
rectal  tube  is  attached  is  placed  in  water  at  a  temperature  of  i2o°F., 
or  the  ether  vapor  may  be  forced  into  the  rectum  by  means  of  the 
vaporizer  shown  in  Fig.  5,  a  rectal  tube  being  substituted  for  the 
mouth  piece.  The  disadvantages  of  the  method  are  the  greater 
time  necessary  to  induce  anesthesia,  and  the  unpleasant  sequelae,  such 
as  prolonged  stupor,  meteorism,  and  bloody  diarrhea. 

The  administration  of  chloroform  requires  more  skill  and  care 
than  etherization.  A  preliminary  hypodermic  injection  of  atropin  is 
advisable,  as  this  drug  prevents  reflex  inhibition  of  the  heart,  owing 
to  its  depressing  effect  on  the  pneumogastric  nerves.  The  chloroform 
may  be  inhaled  from  a  handkerchief  or  a  piece  of  gauze,  but  a  spe- 
cial mask,  such  as  the  Skinner  or  Esmarch  (Fig.  6),  each  of  which 
coiisists  of  a  wire  frame  covered  with  one  layer  of  flannel,  is  more 
convenient.  The  inhaler  is  held  just  over  the  nose  and  mouth  and 
the  chloroform  dropped  on  it.    The  average  adult  patient  will  require 
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one  drop  of  chloroform  every  four  or  six  seconds  to  maintain  anes- 
thesia. The  vapor  should  always  be  liberally  mixed  wkh  air;  liquid 
chloroform  should  never  be  allowed  to  touch  the  skin,  as  it  may  pro- 
duce blistering.  The  phenomena  of  chloroform  anesthesia  are  in  the 
main  similar  to  those  of  ether.  The  first  and  second  stages  are  shorter, 
the  vapor  is  more  pleasant,  and  being  less  irritating  than  ether, 
less  mucus  is  secreted.  An  excess  of  chloroform  causes  the  pa- 
tient to  hold  his  breath,  and  if  the  inhaler  is  not  withdrawn  at  this 
time,  the  patient  may  take  a  deep  inspiration  and  get  an  overdose. 
This  accident  has  resulted  in  death,  and  should  be  recalled  when 
chloroforming  crying  children,  and  when  a  surgeon  attempts  to 
operate  before  the  third  stage  is  reached,  thus  causing  the  patient  to 
breathe  deeply.  During  the  stage  of  muscular  excitement,  which  is 
less  marked  than  with  ether,  the  respirations  should  be  watched  with 
great  care.  Chloroform  vapor  is  not  inflammable,  but  in  the  pres- 
ence of  a  naked  flame  gives  off  irritating  products  (phosgene  and 
hydrochloric  acid),  which,  in  a  small  room,  may  cause  irritation  of  the 
eyes  and  respiratory  passages. 
The  third  stage  is  characterized  by 
quiet  respirations  which  are  often 
diflScult  to  appreciate.  The  pulse 
is  sluggish  and  feeble  in  contrast  to 
the  full  and  rapid  pulse  of  ether. 
The  pupil  is  moderately  contracted 

,  .  ,       .     .  -  ,  Pig.  6. — Esmarch  Mask. 

unless  the  anesthesia  is  profound, 

when  it  dilates.  As  with  ether,  dilated  pupils,  failing  to  react  to 
light,  indicate  a  dangerous  degree  of  anesthesia.  Throughout  the 
anesthesia  the  pulse  and  repirations  should  be  carefully  watched. 
The  character  of  the  respirations  may  be  determined  by  listening  to 
them,  by  observing  the  movements  of  the  chest  and  abdomen,  and 
by  noting  the  patient's  color.     The  pulse  may  be  felt  at  the  temple. 

Oxygen  combined  with  ether  or  chloroform  tends  to  prevent 
spasm  of  the  respiratory  muscles  and  cyanosis.  That  it  lessens  irri- 
tation of  the  kidneys  and  post-anesthetic  vomiting  is  doubtful.  The 
oxygen,  after  bubbling  through  the  anesthetic,  is  conveyed  to  the 
face  piece  through  a  rubber  tube.  It  may  be  given  also  by  placing 
the  end  of  the  oxygen  tube  in  or  beneath  the  inhaler. 

Nitrous  OJdd  comes  in  steel  cylinders,  in  which  it  has  been  liquefied 
by  pressure.  It  is  allowed  to  escape  as  vapor  into  a  rubber  bag  from 
which  it  passes  through  a  tube  to  a  face  piece.  A  piece  of  cork,  rub- 
ber or  wood;  to  which  a  string  is  attached,  so  that  it  cannot  be 
swallowed,  is  placed  between  the  molar  teeth,  and  the  face  piece 


30  MANUAL  OF  SURGERY 

adjusted.     The  gas  is  then  turned  on.     The  patient  becomes  cyanotic, 
the  pupils  dilate,  and  squint  is  often  seen.     With  the  onset  of  un- 
consciousness, which  is  usually  complete  in  about  one  minute,  the 
breathing  becomes  stertorous  and  muscular  twitchings  are  obser\'ed. 
The  duration  of  complete  anesthesia  is  about  one  minute.    The 
pulse  and  respirations  should  be  carefully  watched.     Nitrous  oxid 
.  is  often  used  to  induce  anesthesia,  which  is  then  continued  by  ether, 
with  the  object  of  reducing  the  i>eriod  of  narcosis,  the  amount  of 
ether  used,  and  the  unpleasantness  of  the  early  stages  of  ether  anes- 
thesia.    Anesthesia  may  be  induced  with  an  ordinary  nitrous-oxid 
apparatus    and    etherization    begun    with    an    ordinary    inhaler. 
Much  better  is  an  apparatus  which  allows  the  gradual  adminis- 
tration of  ether    before    the    nitrous    oxid  is  discontinued.     Hew- 
itt  uses  a  Clover's  inhaler  to  which  is  attached  a  charged  gas-bag 
holding  about  two.  gallons  of  gas.     By  means  of  a  stop-cock  the 
patient  is  allowed  to  breathe  about  one-half  the  nitrous  oxid,  the 
remaining  half  being   breathed   backwards   and   forwards    during 
the  gradual  admission  of  the  ether.     Nitrous  oxid  anesthesia  maybe 
prolonged  by  mixing  the  gas  with  atmospheric  air,  or  by  combining 
it  with  oxygen.     The  latter  method  is  the  safer  and  may  be  employed 
in  operations  of  any  length,  provided  muscular  relaxation  is  not 
necessary.     For   the   administration  of   nitrous  oxid  and   oxygen 
Hewitt   employs  an   apparatus  consisting  of   two  steel  cylinders 
containing  the  respective  gases;  these  communicate  with  two  bags 
which  are  connected  with  the  mixing  chamber,  to  which  the  mouth 
piece  is  attached.     By  means  of  a  regulator  the  percentage  of  ox>'^gen, 
which  at  the  beginning  of  the  administration  should  be  2  or  3  i>er  cent., 
is  increased  progressively  to  8  or  10  per  cent.     The  longer  theduration 
of  the  anesthesia,  the  greater  the  amount  of  oxygen  required.     In 
anemia  and  toxemia  the  quantity  of  oxygen  may,  in  some  cases,  be 
increased  to  20  per  cent.,  owing  to  the  diminished  oxygen-carrying 
capacity  of  the  blood.     Many  anesthetizcrs  have  an  ether  chamber 
connected  with  the  apparatus,  in  order  to  secure,  when  desired,  at  least 
partial  relaxation.     The  addition  of  ether  is  demanded  in  from  10  to 
25  per  cent,  of  major  operations.     A  preliminary  hypodermic  injec- 
tion of  morphin  and  atropin  also  tends  to  minimize  muscular  rigidity 
and  is  almost  a  routine  practice  with  hose  who  give  nitrous  oxid  and 
oxygen. 

Ethyl  chlorid,  like  ether,  is  highly  inflammable,  and  is  easily  ad- 
ministered without  special  apparatus.  Because  of  the  increased 
danger  it  should  not  be  given  with  a  closed  inhaler.  Spraying  it  upon 
two  layers  of  gauze  placed  over  the  nose  and  mouth  is  the  safest 
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method  of  administration.  Ten  cc.  are  usually  sufficient  for  this 
purix>se.  Anesthesia  is  induced  in  from  one-half  to  two  minutes; 
the  patient  rapidly  recovers,  usually  without  vomiting  or  other 
disagreeable  phenomena.     See  also  "Local  Anesthesia." 

Eth]^  bromid  is  somewhat  similar  in  its  effects  to  ethyl  chlorid, 
and  may  be  used  for  the  same  purposes,  but  is  less  safe.  It  may  be 
given  from  a  closed  mask  or  from  a  towel.  The  entire  dose  of  from 
15  to  30  grams  is  poured  into  the  cone  at  once  and  all  air  excluded. 
Narcosis  is  quickly  induced  and  recovery  rapidly  follows.  Ethyl 
bromid  is  a  cardiac  depressant,  and  is  contraindicated  in  children,  in 
the  weak  and  anemic,  and  in  those  suffering  from  cardiac  disease, 
alcoholism,  and  kidney  affections. 

Anesdietic  mixtures  containing  chloroform,  the  best  known  of 
which  is  the  A.  C.  E.  mixture  (alcohol  i,  chloroform  2,  ether  3),  should 
rarely  or  never  be  employed.  That  they  possess  advantages  over 
ether  is  doubtful,  that  they  are  more  dangerous  is  positive.  Many 
operators  prefer  to  give  gr.  J^  to  ^  of  morphin  hypodermatically  a 
short  time  before  beginning  the  anesthesia,  to  shorten  the  preliminary 
stages,  make  them  more  pleasant,  and  to  obviate  fear,  limit  the 
amount  of  anesthetic  necessary,  and  prevent  shock.  The  objections 
to  administering  morphin  are  that  it  makes  the  pupillary  reaction,  one 
of  the  most  valuable  guides  in  anesthesia,  untrustworthy;  interferes 
withthe  expulsion  of  mucus,  blood,  or  other  material  from  the  air  pas- 
sages; depresses  respiration,  thus  delaying  the  elimination  of  the  anes- 
thetic after  operation;  and  that  it  not  infrequently  causes  vomiting. 
The  practice  should  not  be  a  routine  one,  but  in  certain  cases,  such  as 
morphin  or  alcoholic  habitues,  it  may  be  advantageous.  Hyoscin  or 
atropin  is  sometimes  given  just  before  ether  in  order  to  lessen  the 
amount  of  mucus  secreted.  Scopolamin-marphin  anesthesia  is 
dangerous,  and  cannot  be  recommended.  One  milligramme  of 
scopolamin  (hyoscin),  and  25  milligrammes  of  morphin  are  divided 
into  three  doses,  which  are  injected  hypodermically  2V2»  1J2  ^^^  Vi 
hour  before  operation  (Korff).  The  patient  falls  into  a  sound  sleep 
which  lasts  for  five  or  six  hours  after  the  last  injection.  Inhalations 
of  chloroform  or  ether  may  be  necessary. 

Anociassocialian  is  a  term  invented  by  Crile  to  designate  a  condi- 
tion in  which,  according  to  his  theory,  all  noxious  influences  attending 
anesthesia  for  operation  are  eliminated.  Fear  is  abolished  by  a 
preliminary  hypodermic  injection  of  morphin  and  scopolamin;  the 
patient  is  anesthetized  with  nitrous  oxid  and  oxygen,  combined,  if 
necessary,  with  ether;  and,  ''as  all  inhalation  anesthesia  puts  asleep 
only  a  portion  of  the  brain,"  novocain  or  other  local  anesthetic  is 
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injected  into  the  field  of  oi>eration,  thus  preventing  the  harmful 
afferent  impulses  arising  in  the  traumatized  area  from  reaching  the 
brain. 

Complications  during  anesthesia  ailse  chiefly  from  interference 
with  the  respiratory  or  circulatory  apparatus,  the  former  more  par- 
ticularly with  ether  and  nitrous  oxid,  the  latter  with  chloroform.  A 
second  anesthesia,  within  a  few  hours,  is  always  more  dangerous  than 
the  first;  and  irregular  administration,  i.e.,  allowing  the  patient 
nearly  to  recover  and  then  forcing  the  anesthetic,  is  attended  by 
much  more  risk  than  a  uniformly  deep  narcosis. 

Respiratory  difficulties  may  be  due  to  many  causes  not  directly 
connected  with  the  anesthetic,  such  as  faulty  posture  of  the  patient, 
assistants  leaning  on  the  chest,  tight  bandages  about  the  neck  or 
chest,  swellings  within  or  about  the  air  passages,  excessive  distention 
of  the  abdomen,  and  diseases  of  the  lungs.  Any  of  these  should,  of 
course,  be  promptly  removed  if  possible,  it  may  be  said  at  once 
that  great  rapidity  or  cessation  of  the  respirations,  associated  with 
cyanosis  and  rapid  pulse,  calls  for  vigorous  measures.  If  the  cause  is 
not  obvious,  the  mouth  should  be  opened,  the  tongue  drawn  forward, 
and  the  pharynx  cleared.  If  this  does  not  overcome  the  diflSculty, 
oxygen  and  strychnin  should  be  administered,  artificial  respiration 
employed  and,  if  necessary,  tracheotomy  or  intubation  be  i>erformed. 
Only  those  causes  more  or  less  directly  connected  with  anesthesia 
will  be  considered  at  this  time.  Forgetting  to  breathe,  or  holding  the 
breath,  may  be  encountered  in  the  early  stages,  and  is  met  by  with- 
drawing the  anesthetic  and  perhaps  dashing  a  little  ether  on  the 
chest  or  abdomen.  Falling  backwards  of  the  tongue  over  the  epiglottis 
requires  the  turning  of  the  patient's  head  to  one  side,  and  pressure 
behind  the  angles  of  the  jaw,  so  as  to  lift  it  forward.  Rarely  will  the 
mouth-gag  and  tongue  forceps  be  necessary  for  this  purpose.  The 
best  tongue  forceps  is  a  double  tenaculum,  which  secures  a  firm  hold 
without  crushing  or  bruising.  The  tongue  may  be  pressed  forward 
also  by  passing  a  finger  into  the  pharynx,  a  procedure  which  at  the 
same  time  will  reveal  any  other  form  ol  obstruction.  Falling 
together  of  the  lips,  especially  in  toothless  patients,  with  or  without 
nasal  obstruction,  may  interfere  with  respiration.  All  that  need  be 
done  is  to  place  the  finger  or  the  end  of  a  towel  between  the  lips. 
Mucus,  saliva,  blood,  pus,  vomitus,  or  other  liquids  may  be  removed 
from  the  pharynx  by  turning  the  head  to  one  side,  and  swabbing  with 
gauze  sponges  secured  by  a  hemostat.  Spasm  of  the  respiratory 
muscles  requires  the  same  treatmet  as  falling  backwards  of  the 
tongue.    If  there  is  great  rigidity  of  the  muscles  of  the  jaw,  trache- 
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otomy  may  be  necessary.  Paralytic  arrest  oj  respiration  may  be  pre- 
cipitated n'ith  great  suddenness,  especially  with  chloroform.  With 
ether  the  approach  is  more  gradual;  the  respirations  become  weaker 
and  weaker,  the  pupils  dilate  and  remain  immobile,  the  color  grows 
dusky  and  the  pulse  feeble.  The  treatment  is  artificial  respiration, 
the  administration  of  strychnin  subcutaneously,  and  inhalations  of 
ox>'gen.  Henderson  advises  that  the  oxygen  contain  lo  per  cent,  of 
COj.  He  belives,  since  COs  is  the  predominant  stimulant  maintain- 
ing respiration,  that  apnea  is  not  infrequently  due  to  acapnia  (de- 
ficiency of  COi),  the  result  of  excessive  breathing  during  the  stage 
of  excitement;  hence  unskilled  timidity  in  the  administration  ol  an 
anesthetic,  rather  than  overboldness,  may  be  responsible  for  some 
cases  of  respiratory  failure.  Edema  of  the  lungs  is  not  often  encoun- 
tered. The  patient  may  be  inverted  to  favor  drainage  from  the 
lungs,  and  oxygen  and  cardiac  stimulants  administered.    Vene- 


PlC.  7. — Expiration.  PlO.   8. — Inspiration. 

Pics.  7  aod  8. — Artificial  Respiration.     (Esmarch  and  Kowaliig.) 

section  is  sometimes  employed  to  relieve  the  right  side  of  the  heart, 
and  artificial  respiration  should  be  performed  if  breathing  ceases. 
Cyanosis  is  simply  a  symptom  which  has  foi  its  cause  one  of  the 
conditions  mentioned  above.  Artificial  respiration  is  best  done  by 
the  Sylvester  method.  One  should  first  make  sure  that  the  aii  pas- 
sages are  clear,  and  draw  out  the  tongue  to  establish  free  air  way. 
The  operator  stands  at  the  patient's  head,  grasps  the  arms  at  the 
elbows,  presses  them  firmly  against  the  sides  of  the  chest  to  induce 
expiration  (Fig.  7),  then  draws  the  arms  upward  until  they  almost 
meet  above  the  bead,  in  order  to  raise  the  ribs  by  means  of  the  pec- 
toral muscles  and  thus  cause  inspiration  (Fig.  8).  These  movements 
should  be  repeated  about  fifteen  times  a  minute.  In  Mcrshall  Hall's 
method  the  operator  grasps  the  lower  thorax  with  his  hands,  presses 
upwards  and  inwards  for  two  01  three  seconds,  then  relaxes  the 
comprfssioQ  for  two  or  thre«  seconds.     This  compression  can  be  made 
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with  more  force  if,  as  in  the  Howard  methody  the  operator  kneels 
astride  the  patient's  hips,  braces  his  elbows  against  his  sides,  and 
throws  his  weight  upon  the  patient's  chest.  In  Schdfer^s  method  the 
patient  lies  on  the  abdomen,  and  pressure  is  made  as  in  the  Howard 
method.  Laborde's  method  consists  in  alternately  drawing  upon  and 
relaxing  the  tongue  at  intervals  of  four  seconds.  Fell's  method 
consists  in  the  introduction  of  a  tube  into  the  larynx,  or  through  a 
tracheotomy  wound,  respiration  being  maintained  by  means  of 
loot-bellows.  When  the  bellows  are  connected  with  a  laryngeal 
tube  the  apparatus  is  known  by  the  name  of  Fell-O'Dwyer.  When 
ether  is  given  by  intratracheal  insufflation  artificial  respiration  may  be 
inaugurated  at  a  moment's  notice  by  insufflating  pure  air. 

Circulatory  DifBculties.- — A  mild  degree  of  syncope  sometimes 
results  from  nausea  and  vomiting.  Cardiac  failure  may  result  from 
operative  manipulations  during  light  narcosis,  overdose  of  the  anes- 
thetic, hemorrhage,  shock,  or  from  arrest  of  respiration.  Among  the 
measures  which,  after  withdrawing  the  anesthetic,  may  be  adopted 
in  cardiac  failure,  are  the  subcutaneous  administration  of  strychnin, 
atropin,  digitalis,  or  nitroglycerin,  inversion  of  the  patient,  artificial 
respiration,  faradism  of  the  phrenic  nerve  (one  pole  on  the  epigas- 
trium, the  other  at  the  junction  of  the  external  border  of  the  sterno- 
mastoid  with  the  clavicle),  rubbing  the  extremities  toward  the 
heart,  compression  of  the  abdominal  aorta,  stretching  of  the  sphincter 
ani,  rhythmic  pressure  over  the  precordium,  and  direct  massage  of 
the  heart. 

Coughing  and  swallowing  during  the  induction  of  anesthesia 
indicate  that  the  vapor  is  too  strong.  Coughing,  swallowing,  or 
vomiting  during  the  third  stage  indicate  returning  consciousness 
and  call  for  more  anesthetic.  Vomiting  is  often  heralded  by  swallow- 
ing, shallow  breathing,  pallor,  feeble  pulse,  and  dilated  pupils,  a 
group  of  symptoms  which  may  be  confused  with  shock;  in  the 
latter  the  anesthetic  should  be  withdrawn,  in  the  former  it  should  be 
increased  in  order  to  prevent  the  vomiting.  If  vomiting  occurs,  the 
head  should  be  turned  to  one  side  and  the  stomach  contents  allowed 
to  escape,  swabbing  out  the  pharynx  if  necessary.  Hiccough  is  most 
apt  to  occur  during  abdominal  operations  and  usually  demands  an 
increase  of  the  anesthetic. 

Recoveiy  from  anesthesia  varies  in  duration  according  to  the  char- 
acter and  quantity  of  the  anesthetic  and  the  condition  of  the  patient. 
After  nitrous  oxid  and  ethyl  chlorid  it  occurs  immediately  on  with- 
drawal of  the  anesthetic,  usually  without  any  special  phenomena. 
After  ether  and  chloroform  the  temperature  is  usually  subnormal,  the 
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respirations  are  quiet,  the  eyeballs  rotate,  the  lid  reflex  returns, 
swallowing  begins,  and  vomiting  often  follows.  Some  patients 
remain  quiet,  many  become  noisy  and  turbulent.  The  anesthetist  or 
a  competent  nurse  should  remain  with  the  patient  until  recovery  is 
complete.  The  head  should  be  low  and  turned  to  one  side,  and  the 
patient  kept  warm.  Vomited  matter  should  be  received  in  a  towel  or 
basin  without  raising  the  head.  Food  is  rarely  given  before  six 
hours,  and  often  not  for  many  hours.  Vomiting  is  more  frequent 
after  ether,  but  is  apt  to  be  more  severe  and  protracted  after  chloro- 
form.    As  a  rule  it  ceases  of  itself  and  no  treatment  is  required. 

After  effects  more  frequently  follow  ether  than  other  anesthetic 
agents.  In  order  to  minimize  the  unpleasant  sequelae  of  inhalation 
anesthetics,  one  may  inject,  during  or  immediately  after  operation, 
saline  solution  into  the  subcutaneous  tissues,  or  i  or  2  quarts  of 
water,  containing  i  or  2  ounces  of  glucose,  into  the  rectum.  The 
fluid  restores  the  blood  pressure,  and  dilutes  and  assists  in  the  elimina- 
tion of  the  anesthetic.  The  glucose  reestablishes  the  glycogenic 
function  of  the  liver.  Gastric  lavage,  at  the  completion  of  operation, 
assists  in  eliminating  the  anesthetic,  and  tends  to  prevent  nausea 
and  vomiting. 

ConjuncUviliSy  and  burns  of  the  first  degree  about  the  face  and 
neck  may  occur,  particularly  if  ether  or  chloroform  has  been  **  poured 
on."  PersisietU  vomiting  may  be  due  to  acute  gastrectasia,  peritonitis, 
intestinal  obstruction,  opium,  or  other  causes  independent  of  the 
anesthetic,  and  these  should  be  excluded  before  deciding  that  the 
anesthetic  is  wholly  responsible.  Acetonuria,  which  is  described 
below,  may  be  the  cause  or  the  effect  of  protracted  vomiting.  Con- 
tinued vomiting  due  to  the  anesthetic  alone  is  best  treated  by 
withholding  all  food  by  mouth,  gastric  lavage,  nutritive  enemata 
containing  sodium  bromid,  and,  to  hasten  elimination  of  the  anes- 
thetic, fresh  air  and  hypodermoclysis.  Later  champagne  and 
various  liquid  foods  may  be  tried.  Bronchial  and  pulmonary  ajffec- 
iions  are  often  due  to  the  irritation  of  ether,  but  may  arise  also  from 
exposure  of  the  patient,  the  inhalation  of  septic  material,  emboli^ 
interference  with  respiration  (e.g.,  from  an  epigastric  incision),  and 
sluggish  circulation  (e.g.,  from  a  weak  heart  or  prolonged  recum- 
bency). Ether  pneumonia  is  of  the  lobular  variety  and  quickly 
follows  anesthesia.  Pneumonia  from  other  causes  may  be  of  the 
lobar  variety  and  may  not  arise  for  a  number  of  days.  Preventive 
measures  consist  in  the  use  of  a  clean  inhaler,  the  exclusion  of  foreign 
material  from  the  air  passages,  and  the  careful  protection  of  the 
patient.    (See  also  "  Pulmonary  Embolism. ")    Bronchial  irritation, 
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and  possibly  bronchitis,  may  be  caused,  as  already  pointed  out, 
by  the  decomposition  of  chloroform  in  the  presence  of  a  naked  flame. 
Renal  complications  may  occur  after  ether,  chloroform,  or  ethyl 
chlorid.  Whether  they  are  more  frequent  after  ether  than  after 
chloroform  does  not  seem  to  be  satisfactorily  settled.  The  urine  is 
always  decreased  in  quantity  during  the  first  twenty-four  hours  after 
anesthesia,  and  should  be  carefully  watched.  If  signs  of  renal  in- 
competency appear,  heat  should  be  applied  over  the  kidneys,  diu- 
retics administered,  and  water  given  by  mouth,  rectum,  subcutane- 
ously,  or  intravenously.  Apoplexy  may  occur  in  those  with  chronic 
arterial  disease,  but  is  rare  if  the  patient  is  skillfully  and  thoroughly 
anesthetized;  the  struggling  induced  by  pushing  the  anesthetic  or 
by  operating  before  anesthesia  is  complete  is  dangerous  in  these 
cases.  Complete  anesthesia  is  usua41y  less  to  be  feared  than  fright 
and  pain.  Insaniiy  has  followed  anesthesia  in  those  so  predisposed. 
Post-anesthetic  paralysis  may  result  from  cerebral  hemorrhage 
or  embolism,  but  is  usually  the  result  of  pressure,  e.g.,  a  wrist  drop 
due  to  the  hanging  of  an  arm  over  the  edge  of  a  table.  This  subject, 
with  the  position  to  be  assumed  by  the  upper  extremities,  is  referred 
to  in  the  chapter  on  ** Surgical  Technic."  Acetonuria  (acetonemia, 
acid  intoxication)  rarely  follows  the  administration  of  any  anesthetic 
except  chloroform,  in  which  event  it  is  called  delayed  chloroform 
poisoning.  That  chloroform  occasionally  produces  glycosuria  has 
long  been  known,  but  only  recently  has  attention  been  directed  to  the 
form  of  late  poisoning  described  below.  It  is  more  apt  to  occur  in 
children,  and  atter  quickly  repeated  anesthesias.  Other  predisposing 
causes  are  diabetes,  disease  of  the  liver  or  kidneys,  exhaustion,  and 
infection.  The  condition  may  appear  in  from  a  few  hours  to  many 
days  after  the  anesthesia,  and  it  may  last  several  days  and  end  in 
recovery,  or  progress  and  terminate  in  death.  The  symptoms  are 
vomiting,  rapid  pulse,  dyspnea,  cyanosis,  delirium  or  stupor,  and 
finally  coma.  The  breath  has  a  sweetish,  chloroform-like  odor,  and 
there  may  be  fever.  The  urine  contains  acetone  and  diacetic  acid, 
and  sometimes  leucin  and  tyrosin.  Jaundice  may  occur  and  there 
may  be  a  tendency  to  hemorrhage.  Autopsy  reveals  fatty  degenera- 
tion of  the  liver  and  sometimes  of  the  kidneys  and  other  organs,  the 
changes  being  much  like  those  found  in  phosphorus  poisoning.  The 
treatment,  at  least  so  far  as  the  acetonemia  is  concerned,  consists  in 
the  use  of  measures  to  promote  elimination,  stimulation  if  necessary, 
glucose  or  levulose  by  lectum,  and  the  administration  of  bicarbonate 
of  soda  by  mouth,  or  i  per  cent,  in  salt  solution  by  rectum,  subcu- 
taneoiisly,  or  intravenously. 
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Local  Anesthesia  is  the  production  of  insensibility  in  the  parts  to 
be  oj>erated  upon,  without  destroying  the  general  bodiJy  sensibility 
or  producing  unconsciousness.  It  is  indicated  in  minor  operations, 
and  in  major  surgery  when  general  anesthesia  is  contraindicated. 
It  is  nDt  satisfactory  in  children,  in  nervous  patients,  or  in  cases 
in  which  muscular  relaxation  is  desired.  Local  anesthesia  may  be 
induced  by  freezing,  or  by  the  application  or  injection  of  various 
drugs. 

Freezing  may  be  produced  by  spraying  the  parts  with  ether, 
rhigolene,  chlorid  of  methyl,  liquid  air,  or  chlorid  of  ethyl.  Chlorid 
of  ethyl  b  the  agent  usually  employed.  It  is  put  up  in  glass  tubes,  and 
is  sprayed  on  the  part  from  a  distance  of  about  one  foot.  When  the 
part  becomes  hard  and  white  it  is  ready  for  incision.  The  anesthesia 
lasts  from  one  to  two  minutes.  Both  the  freezing  and  the  thawing 
are  painful.  In  the  absence  of  ethyl  chlorid  freezing  may  be  induced 
by  ice  and  salt,  in  the  proportion  of  two  parts  of  the  former  to  one  of 
the  latter,  placed  in  a  gauze  bag  and  applied  to  the  skin;  analgesia 
results  in  about  fitteen  minutes. 

Cocain  hydrochloxid  is  an  efficient  local  anesthetic,  but  is  not 
without  danger.  Death  has  resulted  from  one  dram  of  a  20  per  cent. 
solution  instilled  into  the  urethra,  and  from  swabbing  the  larynx  with 
a  2  per  cent,  solution.  Not  more  than  one-half  a  grain  should  be 
used  for  injection,  not  over  two-thirds  of  a  grain  should  be  applied 
to  a  mucous  membrane.  Cocain  poisoning  is  characterized  by 
headache,  nausea  and  vomiting,  pallor,  tremor,  restlessness,  dryness 
of  the  mouth,  dilatation  of  the  pupils,  weak  pulse,  prolonged  in- 
somnia, and  in  severe  cases  by  delirium,  unconsciousness,  and  heart 
failure.  The  treatment  consists  in  placing  the  patient  recumbent, 
appl>dng  external  heat,  and  administering  cardiac  stimulants.  Co- 
cain is  contraindicated  in  glaucoma  because  it  dilates  the  pupils; 
it  is  said  also  to  have  a  deleterious  effect  upon  diseased  kidneys. 
As  cocain  is  destroyed  by  prolonged  boiling,  the  solution  is  best 
prepared  (fresh  each  time)  by  adding  to  normal  salt  solution  the 
crj'stals  which  have  been  sterilized  in  glass  tubes  at  3oo°F.,  dry 
heat,  for  fifteen  or  twenty  minutes.  The  strength  of  the  solution 
should  be  from  2  to  4  per  cent,  for  the  eye,  4  per  cent,  for  the  urethra, 
2  per  cent,  for  the  bladder,  5  to  10  per  cent,  for  the  rectum,  vagina, 
mouth,  nostrils,  and  from  J<j  to  i  per  cent,  for  injection  into  any 
portion  of  the  body. 

Eucain  fiydrochkmd  (beta-eucain)  is,  for  practical  purposes,  just 
as  ix>werful  as  cocain,  one-quarter  as  toxic,  and  is  not  destroyed  by 
boiling.    Solutions  for  injection  should  be  from  ^  to  4  per  cent.    It 
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does  not  cause  dilatation  of  the  pupil,  nor  is  it  followed  by  as  marked 
congestion  as  cocain.  Sloughing  has,  however,  been  observed  in  a 
few  instances  after  its  use. 

Stovain,  novocain,  and  tropacocain  are  closely  related  to  cocain, 
but  the  first  is  four  times  and  the  other  two  seven  times  less  toxic 
than  it  and  all  are  just  as  anesthetic. .  They  come  already  sterilized 
in  closed  tubes.  For  injection  a  J^  to  i  per  cent,  solution  in  sterile 
wateror  salt  solution  may  be  employed.  For  infiltration  125  cc.  of  a 
yi.  to  3-2  per  cent,  novocain  solution  can  be  used  with  safety. 

Procaln  is  the  oflicial  name  of  the  American  made  novocain. 
Clinically  its  action  is  the  same  as  that  of  novocain. 

Adrenalin  chlorid,  when  added  to  any  of  the  drugs  mentioned 
causes  exsangumation  of  the  part  by  constricting  the  blood 
vessels,  thus  lessening  the  hemorrhage,  limiting  absorption,  and 
intensifying  and  prolonging  the  anesthesia.  Barker  prepares  a 
solution  by  adding  to  100  cc.  of 
I  boiled  distilled  water  1  cc,  of 
adrenalin  chlorid  (i  to  1,000),  3 
grains  of  eucain,  and  12  grains  of 
sodium  chlorid.  Not  more  than 
fifteen  drops  of  adrenalin  chlorid 
should  be  added  to  any  solution 

Fig.    9.-Meth„d  of    mjectmg  local    ^^"^  'njection. 
anesthetics  into  the  skin.     The  Buid  U  in-  Qulnln-UTea  hydFOCUOlid,  in- 

troduced into  and  not  beneath  the  skin.     ■      .     i-    r  •  /.  .    ■         ■, 

which  is  elevated,  tense,  and  white,  J^cted  m  from  \i  to  1  pet  ccnt.  m  Salt 

solution,  induces  prolonged  anes- 
thesia, hence  lessens  post-operative  pain.  It  is  not  toxic  and  dimin- 
ishes bleeding.  Induration  and  tardy  healing  sometimes  follow  its  use. 
Schleich's  solution  produces  anesthesia  by  causing  an  artificial 
edema,  the  tension  resulting  in  ischemia  and  in  pressure  on  the  nerve 
endings,  hence  the  term  infiltration  anesthesia  (Fig.  9).  Sterile 
water  or  normal  salt  solution  produces  much  the  same  effects,  but 
is  not  quite  as  efficient.  Schleich  uses  three  solutions  as  follows: 
No.  I  (for  the  most  painful  operations — not  more  than  5  drams 
should  be  used)  consists  of  cocain  hydrochlorid  gr.  iii,  morphin 
hydrochlorid  gr.  3^,  sodium  chlorid  gr.  iii,  distilled  water  I5iiiss, 
acid  carbolic  (5  per  cent.)  gtt.  iii.  Solution  No.  2  (of  which  not  more 
than  10  drams  should  be  injected)  is  used  in  less  painful  operations, ' 
and  is  the  same  as  No,  i  except  that  the  cocain  is  reduced  to  gr.  iss. 
Solution  No.  3  (used  in  deqier  and  less  sensitive  tissues  and  in. ex- 
tensive operations — 11  oz.  may  be  injected)  contains  but  gr.  ^  of 
cocain.    Adrenalin  chlorid  also  may  be  added  to  these  solutions. 
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The  injectian  of  local  anesthetics  may  be  by  the  direct  methody  i.e. , 
the  drug  is  injected  into  the  tissues  to  be  operated  upon,  or  by  the 
indirect  method  {regional  anesthesia) ,  in  which  the  drug  is  injected 
into  (intraneural)  or  about  {paraneural)  the  nerve  or  nerves  supplying 
the  i>art  with  sensation,  into  the  blood  vessek  of  the  part  {Bier, 
Ransohoff),  or  into  the  subarachnoid  space  of  the  spinal  cord  (spinal 
anesthesia).  In  the  direct  method,  whenever  possible,  e.g.,  in  the 
lingers,  toes,  and  penis,  a  tight  ligature  should  be  placed  above 
the  area  to  be  anesthetized,  after  it  has  been  exsanguinated  by  eleva- 
tion, or  in  some  cases,  by  pressure;  this  in  itself  has  a  benumbing 
influence,  as  well  as  restricting  the  anesthetic  solution  to  the  in- 
jected area.  After  making  sure  that  all  air  has  been  driven  from  the 
syringe  (a  hypKxiermic,  antitoxin,  or  special  syringe  may  be  em- 
ployed), the  point  of  the  needle  is  inserted  obliquely  into  the  skin 
until  the  eye  is  just  beneath  the  epidermis;  in  other  words,  an  effort 
is  made  to  enter  the  true  skin  and  not  the  subcutaneous  tissues. 
Care  should  be  taken  not  to  enter  a  vein.  A  few  drops  of  the  solution 
are  introduced,  producing  a  white  wheal;  the  needle  is  then  pushed 
a  little  farther,  and  the  process  repeated  until  the  proposed  line  of 
incision  is  marked  out  by  a  white  and  elevated  ridge  (Fig.  9).  From 
five  to  ten  minutes  should  elapse  before  making  the  incision.  If  the 
deeper  structures  are  to  be  severed,  they  also  should  be  infiltrated, 
or  one  of  the  more  powerful  solutions  may  be  dropped  in  the  wound. 
Intra-  or  paraneural  injections  may  be  employed  in  amputation 
of  the  finger,  by  forcing  the  solution  into  the  tissues  about  its  base, 
when  the  entire  finger  will  become  anesthetic.  In  amputation  of  the 
leg  the  tissues  over  the  sciatic  and  long  saphenous  nerves  may  be 
infiltrated  with  Schleich  solution,  and  the  nerves  exposed  and  in- 
jected with  a  )^2  to  I  per  cent,  cocain  solution.  In  amputations  ot 
the  thigh  it  will  be  necessary  to  inject  the  anterior  crural  instead  of 
the  long  saphenous  nerve.  Many  other  operations  may  be  performed 
by  this  method.  In  paravertebral  and  parasctcral  anesthesia  the 
spinal  nerves  are  injected  at  the  points  where  they  emerge  from  the 
bony  foramina.  Mpst  of  the  structures  of  the  body  are  without  pain 
sensation.  The  skin,  the  subcutaneous  tissues,  and  the  periosteum 
are  the  most  sensitive  parts.  Once  the  parietes  have  been  severed 
the  brain  may  be  cut  without  an  anesthetic,  and  the  lungs,  heart, 
liver,  kidneys,  spleen,  stomach,  and  intestines  may  be  incised  and 
sutured  without  sensation,  provided  traction  or  pressure  is  not  made 
on  their  parietal  connections. 

In  Bier's  mtraveuous  anesttiesia,  after  rendering  the   limb 
bloodless  with  an  Esniarch  bandage,  a  tourniquet  is  placed  above  and 
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another  below  the  field  of  operation.  Under  infiltration  anesthesia 
a  cannula  is  inserted  into  a  superficial  vein  immediately  below  the 
proximal  tourniquet,  and  from  40  to  100  cc,  of  novocain  (.5  per  cent, 
in  salt  solution),  at  the  temperature  of  the  body,  injected  towards 
the  periphery.  Anesthesia  is  induced  between  the  tourniquets  in 
from  2  to  5  minutes;  beyond  the  distal  tourniquet  in  from  5  to  15 
minutes,  when  the  distal  tourniquet  may  be  removed.  At  the 
completion  of  the  operation  the  proximal  band  is  removed  gradually, 
to  prevent  rapid  diffusion  of  the  novocain.  Ransohoff  applies  an 
Esmarch  band  to  the  limb  with  sufficient  firmness  to  obstruct  the 
venous  flow,  and  under  infiltration  anesthesia  injects,  with  a  fine 
needle,  4  to  8  cc.  of  a  .5  per  cent,  cocain  solution  into  the  main 
artery.  Anesthesia  results  in  2  minutes,  after  which  the  band  may 
be  tightened  to  check  oozing.  These  methods  are  still  in  the  ex- 
perimental stage  and  must  be  used  with  caution.  They  are  con- 
traindicated  in  the  presence  of  vascular  disease. 

Spinal  anesthesia,  or  medullary  narcosis,  is  produced  by  the 
injection  of  a  local  anesthetic  into  the  subarachnoid  space.  Cocain 
and  eucain  are  seldom  used  at  the  present  time.  Stovain  has  a 
strong  affinity  for  the  motor  nerves  and  may,  in  high  anesthesia, 
cause  paralysis  of  the  respiratory  muscles.  Tropacocain  and  novo- 
cain possess  less  of  this  affinity,  hence  are  safer;  the  usual  dose  is 
from  one-half  to  one  grain.  The  solution  is  prepared  by  dissolving 
the  drug  selected  (previously  sterilized)  in  cerebrospinal  fluid,  which 
is  drawn  into  the  syringe  containing  the  anesthetic,  after  the  intro- 
duction of  the  needle  into  the  subarachnoid  space.  In  order  to  make 
the  solution  of  a  higher  specific  gravity  than  the  spinal  fluid  and  so 
remain  in  the  lower  part  of  the  spinal  theca,  Barker  uses  distilled 
water  i  cc,  glucose  .05  grams,  and  stovain  .1  gram.  The  syringe 
should  be  boiled  in  plain  water,  as  the  soda  solution  employed  for 
other  instruments  may  diminish  the  efficacy  of  the  anesthetic.  The 
patient  lies  on  the  side  or  assumes  the  sitting  posture;  in  either  case 
the  back  should  be  bent  forward  in  order  to  increase  the  space 
between  the  vertebral  arches.  The  operator  places  one  finger  upon 
the  spine  of  the  fourth  lumbar  vertebra,  which  is  on  a  line  drawn 
between  the  two  iliac  crests,  and  enters  the  needle,  fitted  with  a 
stylet,  just  below  and  to  the  right  of  this  point,  in  a  slightly  upward 
and  inward  direction,  until  the  dura  has  been  punctured,  which  in 
the  adult  is  usually  at  a  depth  of  two  and  one-half  inches.  The 
stylet  is  withdrawn  and  one  dram  of  the  cerebrospinal  fluid  allowed 
to  escape.  The  anesthetic  solution  is  then  slowly  injected,  the  needle 
withdrawn,  and  the  puncture  sealed  with  collodion.    The  patient  is 
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id  in  the  proper  position  for  operation,  but  never  should  the 
and  shoulders  be  on  a  lower  level  than  the  lumbar  vertebrae,  as 
luid  may  gravitate  towards  the  medulla  and  cause  respiratory 
lysis.  Anesthesia  results  in  about  five  minutes  and  lasts  from 
to  three  hours  or  longer.  No  attempt  should  be  made  to  induce 
thesia  above  the  diaphragm.  Headache,  nausea,  and  vomiting  are 
ient  sequelae,  and  evidence  of  transient  and  permanent  cord 
•ies  has  been  noted.  The  chief  dangers  are  infection,  injury  to 
cord,  and  poisoning  from  the  anesthetic  employed.  The  mor- 
y  has  been  estimated  at  i  in  200.  From  what  has  been  said  it 
be  gathered  that  the  method  is  destined  to  pass  into  desuetude. 


CHAPTER  111 

INFECTION  AND  DISINFECTION 

For  a  full  discussion  of  the  various  phases  in  the  vital  circle  of 
micro-organisms  and  the  different  theories  of  immunity  the  student  is 
referred  to  a  text-book  on  bacteriology.  The  few  facts  here  sum- 
marized are  intended  merely  as  an  outline  to  recall,  from  a  surgical 
standpoint,  the  important  features  of  these  subjects. 

Bacteria,  schizomycetes,  or  fission -fungi,  are  microscopic,  non- 
nucleated,  unicellular,  vegetable  organisms,  devoid  of  chlorophyl  and 
consisting  of  protoplasm  inclosed  in  a  cell  wall.  The  terms  germ, 
microbe,  and  micro  organism  also  are  loosely  applied  to  bacteria  and 
allied  organisms. 

According  to  shape  (Fig.  lo)  bacteria  are  divided  into  cocci  (spheri- 
cal), bacilli  (rod-like  or  cylindrical),  and  spirilla  (spiral).  Cocci  (mi- 
crococci) are  divided  according  to  number  into  monococci  (existing 
singly),  diplococci  (in  pairs),  ietracocci  (groups  of  four),  and  sarcina 
(cubical  groups  of  eight) ;  according  to  arrangement  into  streptococci 
(chain-like)  and  staphylococci  (irregular  masses  like  bunches  of 
grapes).  Globular  masses  held  together  by  gelatinous  matter  are 
called  zooglea;  a  group  of  cocci  in  a  capsule,  ascococci.  Bacilli  in 
chain  formation  are  called  streptobacilli. 

The  distribution  of  bacteria  is  almost  universal.  They  exist  in  the 
air,  water,  food,  soil,  alimentary  canal  (being  most  numerous  in  the 
mouth,  lower  ileum,  and  cecum),  nose,  lower  urethra,  and  vagina, 
and  even  in  the  hair  follicles  and  sweat  glands  of  the  skin. 

The  reproduction  of  bacteria  takes  place  by  fission^  i.e.,  the  cell 
simply  divides  into  two  or  more  fragments  when  it  has  reached  the 
stage  of  maturation.  When  subjected  to  conditions  inimical  to 
growth  a  few  bacilli  (e.g.,  B.  anthracis,  tetani,  and  edematis  maligni) 
and  spirilla  undergo  sporulation.  This  is  generally  regarded  as  a 
resting  stage,  or  *'as  a  method  of  encystment  for  the  purpose  of 
resisting  unfavorable  environment''  (Hiss  and  Zinsser).  A  spore  is 
analogous  to  the  seed  of  a  plant,  and  may  appear  in  the  end  of  the 
organism  {ends pore)  y  or  in  the  middle  (endospore),  thus  making  the 
organism  club-shaped  or  fusiform.  Although  as  a  rule  only  one 
spore  forms,  a  number  may  develop  throughout  the  length  of  the 
organism,  presenting   a  bead-like    appearance    {arthros pores).    A 
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ipoTc  has  a  dense  capsule  which  renders  it  very  resistant  to  all  kinds 
of  disinfectants. 

For  development  bacteria  require  a  temperature  at  or  near  that 
oi  the  human  body,  moisture,  and  food.  Their  food  consists  of 
complex  organic  compounds,  such  as  are  found  in  the  bodies  of 
animals  and  in  plants.  Parasites  grow  in  living  tissues,  saprophytes, 
ur  putrefactive  organisms,  in  dead  tissues.     Like  the  cells  of  the 
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human  body,  bacteria  attract  elements  essential  for  their  growth 
positive  chemotaxis)  and  repel  those  which  ar  harmful  {negative 
ckemotaxis).  Alrobic  bacteria  require  oxygen  for  their  development ; 
anaerobic,  e.g.,  the  bacillus  of  tetanus,  of  malignant  edema,  of 
botulism,  and  the  bacillus  aerogenes  capsulatus,  the  absence  of 
oxygen.  An  obligate  alrobe  is  obliged  to  have  oxygen  in  order  to 
live.  Ad  obtigale  anairobe  cannot  live  with  oxygen.  A  facultative 
aerobe  is  an  anaerobe  that  has  the  faculty  of  living  with  oxygen. 
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Most  pathogenic  micro-organisms  aire  facultative  anaerobes,  i.e.,  they 
thrive  best  with  oxygen,  but  have  the  faculty  of  Kving  without  it. 
The  terms  facultative  and  obligate  are  applied  also  to  parasites  and 
saprophytes.  Motile  bacteria  possess  the  power  of  moving  from 
place  to  place  by  means  of  thread-like  processes,  or  flageUce  (e.g.,B. 
typhosus  and  B.  coU),  or  by  means  pf  a  rotary  or  undulatory  motion; 
amotile  bacteria  (all  cocci  and  most  bacilli)  depend  for  transportation 
upon  fomites  or  upon  physical  or  chemical  currents.  In  common  with 
other  minute  particles  suspended  in  fluid,  bacteria  oscillate  {Brownian 
movements). 

Bacterial  death  occurs  when  the  developmental  conditions 
mentioned  above  are  absent  or  unfavorable.  It  is  caused  also  by 
disinfection,  by  the  cells  and  fluids  of  the  human  body,  and  by  the 
organisms  themselves;  thus,  like  animals,  they  may  succumb  to  the 
poisons  generated  by  their  own  activities.  In  the  tongue,  liver, 
brain,  female  breast  and  pelvis,  and  elsewhere  the  surgeon  sometimes 
finds  the  destructive  effects  of  bacteria  that  have  perished  with  the 
lapse  of  time. 

Freezing  renders  bacteria  inert,  but  docs  not  destroy  them.  Dry- 
ing renders  them  dormant,  but  permits  of  their  dissemination  by 
means  of  the  air.  However,  desiccation  is  ultimately  fatal  to  most 
bacteria;  the  gonococcus  survives  complete  deprivation  of  moisture 
only  a  few  hours.  It  is  important  to  remember  that  bacteria  are 
not  blown  or  driven  from  moist  surfaces,  and  that  a  table,  for  in- 
stance, which  is  wiped  with  a  damp  cloth  is  not  as  dangerous  from  a 
surgical  standpoint  as  one  which  is  dusted.  Direct  sunlight,  the 
X-rays,  radium,  electric  currents,  and  electric  light,  are  detrimental 
to  the  growth  of  microbes. 

Bacterial  products  represent  the  excretions  of  bacteria,  the  sub- 
stances generated  by  their  decomposition,  and  the  compounds 
resulting  from  the  action  of  either  of  these  on  the  tissues.  Bacteria 
may  produce  alcohols;  acids,  such  as  lactic,  acetic,  and  butyric; 
alkalies,  e.g.,  ammonia;  and  pigments  (chromogenic  hdiCt^nd^^^.g,^ 
bacillus  pyocyaneous;  some  are  capable  of  causing  phosphorescence 
{photogenic).  The  aerogenic  (gas  producing)  bacteria  are  the  bacillus 
aerogenes  capsulatus,  the  bacillus  of  malignant  edema,  the  bacillus 
coli,  and  many  other  saprophytes  (see  **Gas  Gangrene'')-  Zymo- 
genic bacteria  cause  fermentation. 

The  ferments,  or  enzymes,  like  the  digestive  juices,  emulsify  fats, 
change  albumin  into  peptone  and  starch  into  sugar.  The  enzymes 
may  be  absorbed  in  the  human  body  and  produce  disease.  The 
other  poisonous  substances  elaborated  by  bacteria  are  the  ptomains. 
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the  toxalbumins,  and  the  toxins.  A  ptomain  is  a  crystalKzable 
alkaloid  produced  by  the  action  of  bacteria  on  dead  animal  matter. 
Toxaibumins  are  amorphous  albumoses  produced  by  the  action  of 
enzymes  on  albumin.  Toxins  are  crystallizable  alkaloids  existing  in 
the  protoplasm  of  bacteria  and  excreted  by  them  {ectotoxin),  as  in 
diphtheria  and  tetanus,  or  liberated  by  their  death  {endotoxin),  as  in 
tuberculosis.  The  term  toxin  as  commonly  employed  means  any 
or  all  of  the  poisonous  substances  elaborated  by  bacteria,  and 
the  condition  resulting  from  the  absorption  of  these  toxins  is  called 
toxemia. 

Pathogenic  bacteria  are  those  which  produce  disease.  They  are 
usually  parasites,  but  many  saprophytes  may  acquire  parasitic 
tendencies,  and  even  an  obligate  saprophyte  may,  when  acting  on 
dead  tissue  in  the  human  body,  cause  general  symptoms  of  intoxica- 
tion ;  hence  a  sharp  line  cannot  be  drawn  between  parasites  and  sapro- 
phytes, although  the  latter  are  ordinarily  nonpathogenic,  i.e.,  incapable 
of  producing  disease,  and  many  of  these  are  not  only  harmless, 
but  even  useful,  producing  alcoholic  and  acetous  fermentation,  and 
cleansing  the  earth  of  dead  animal  and  vegetable  matter  by  putre- 
faction. To  demonstrate  that  a  micro-organism  is  the  specific 
cause  of  a  given  disease,  it  should  fulfil  Koch's  postulates,  which  are, 
that  it  be  found  in  every  case  of  that  disease,  that  it  be  absent  in 
normal  tissues  under  normal  conditions,  that  it  be  cultivated  in  pure 
culture,  that  these  cultures  be  capable  of  reproducing  the  disease, 
and  that  the  germ  be  again  cultivated  in  pure  culture  from  the  in- 
fected animal.  To  these  has  been  added  the  isolation,  from  the 
cultures  of  the  organism,  of  a  toxin  which  will  produce  the  disease  or 
elaborate  an  antitoxin  in  susceptible  animals. 

ContaxninatiQii,  or  potential  infection,  should  be  clearly  separated 
from  actual  infection.  A  contaminated  wound  harbors  bacteria  in  a 
state  of  incubation,  and  it  is  in  this  period  of  incubation,  which  varies 
in  length  from  a  few  hours  to  many  days,  according  to  the  invading 
organism,  that  active  prophylactic  measures  may  avert  disease. 

Infection  means  that  pathogenic  bacteria  have  entered  the  living 
tissues  of  the  body  and  caused  disease.  A  wound  may  be  infected 
with  only  one  variety  of  bacteria  {pure  infection),  or  with  more  than 
one  variety  {mixed  infection))  and  a  primary  infection  may  be  fol- 
lowed by  a  reinfection  with  the  same  organism,  or  by  a  secondary 
infection  with  another  organism,  thus  explaining  the  care  with  which 
a  surgeon  sterilizes  his  hands  and  instruments,  even  when  the  tissues 
are  known  to  be  infected.  When  bacteria  become  encapsulated  with 
fibrous  tissue,  or  remain  quiescent  ior  other  reasons,  the  condition  is 
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called  laleni  infection.  It  is  of  great  significance,  not  only  in  elucidat- 
ing pathogenesis,  but  also  in  operative  surgery,  e.g.,  an  operation  on  a 
limb  previously  infected  and  healed  may  give  rise  to  the  same  infec- 
tion, the  bacteria  being  mobilized  by  the  trauma  of  the  operation; 
in  other  cases  a  different  infection  becomes  active,  thus  tetanus  has 
followed  the  extraction  of  a  bullet  months  after  the  original  wound 
had  healed.  Autoinfection-  is  illustrated  by  miliary  tuberculosis 
originating  in  a  tuberculous  lymph  gland.  SubinfecHon  is  a  slight, 
chronic,  or  repeated  infection,  perhaps  symptomless,  which  may 
result  in  immunity.  In  mixed  infection  one  form  of  bacteria  may 
antagonize  another  form  {antibiosis,  enantiobiosis) ,  or  the  varieties 
may  harmonize  in  their  development  (symbiosis). 

The  usual  methods  of  infection  are  through  wounds  (inoculation), 
through  the  mucous  membrane  of  the  alimentary  canal  (ingestion), 
through  the  mucous  membrane  of  the  respiratory  passages  (inhala- 
tion). Bacteria  rarely  pass  through  intact  healthy  skin.  It  is 
known  that  micro-organisms  may  pass  through  the  placenta.  Germi- 
nal infection  (infected  ovum  or  spermatozoon)  is  very  doubtful, 
although  it  has  been  held  responsible  for  some  of  the  cases  of  con- 
genital syphilis. 

Infection  extends  by  continuity,  as  when  it  creeps  along  a  surface 
or  plane  of  tissue;  or  by  contiguity,  as  when  it  spreads  from  one 
organ  or  tissue  to  another,  e.g.,  from  the  ovary  to  the  appendix. 
Transportation  from  one  part  of  the  body  to  another  is  effected  by 
the  blood  or  the  lymph,  the  bacteria  floating  free  in  the  stream,  or 
being  carried  by  cells  or  emboli,  by  secretions,  excretions  (e.g.,  from 
the  kidney  to  the  bladder  by  the  urine),  or  pathologic  discharges,  e.g., 
from  the  lung  to  the  intestine  by  swallowed  sputum.  Transmission 
outside  of  the  body  also  may  occur,  e.g.,  when  gonococci  are  con- 
veyed from  the  urethra  to  the  eyes  by  the  fingers. 

Disease  production  is  not  the  direct  result  of  the  deposition  of 
bacteria,  that  is,  the  process  is  not  a  mechanical  one.  They  may 
injure  the  tissue  cells  by  stealing  their  food,  but  as  a  rule  the  morbid 
phenomena  aire  due  to  toxins,  which  act  locally,  generally,  or  both. 
The  local  changes  are  usually  of  a  defensive  (inflammatory)  or 
destructive  nature  (suppuration,  ulceration,  gangrene),  but  may, 
as  in  tetanus,  be  entirely  absent.  The  general  changes  in  pyogenic 
infections  are  those  of  fever  (see  "  Sepsis '0?  but  in  some  other  surgical 
infections,  e.g.,  tetanus  and  hydrophobia,  the  temperature,  at  least 
in  the  early  stages,  is  normal.  The  behavior  of  infection,  as  will  be 
indicated  on  later  pages,  may  be  influenced  mechanically,  e.g.,  by 
the  site,  of  inoculation  and  the  structure  of  the  invaded  parts,  and 
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chemically,  e.g.,  by  the  reciprocal  aflSmity  existing  between  various 
toxins  and  tissues. 

The  determining  Victors  in  the  production  of  infection  are  the 
dose  of  the  micro-organisms,  their  virulence,  and  the  resistance  of  the 
tissues.  Many  of  the  organisms  entering  the  tissues  are  swallowed 
by  the  leukocytes  or  dissolved  by  the  bactericidal  action  of  the  blood 
serum,  so  that  probably  a  large  number  are  necessary  for  the  produc- 
tion of  morbid  phenomena.  The  virulence  of  micro-organisms 
de|>ends  chiefly  on  their  environment^  thus  when  passed  through  a 
series  of  animals  they  become  acclimated  and  more  dangerous  for 
that  si>ecies,  and  when  subjected  to  unfavorable  circumstances 
("improper  amount  of  heat,  water,  food,  air)  they  become  less  harm- 
ful. The  resistance  of  the  tisues  varies  from  extreme  susceptibility 
to  absolute  inmiunity. 

Increased  susceptibility  may  be  due  to  local  and  general  causes. 
The  local  causes  are  (i)  ischemia  from  scars,  pressure  (including 
tight  stitches  and  bandages),  and  diseases  and  injuries  of  vessels;  (2) 
diseases  and  injuries  of  nerves;  (3)  obstruction  of  a  duct,  which 
prevents  the  escape  of  any  bacteria  that  may  be  present,  permits 
decomposition  of  the  retained  secretion  or  excretion,  and  produces 
increased  tension,  consequently  ischemia,  of  the  duct  and  reservoir 
^^-g-j  gall  bladder,  urinary  bladder)  above  the  obstruction;  (4) 
destruction  of  cells  as  the  result  of  mechanical,  chemical,  or  thermal 
injury;  (5)  peculiarities  of  the  individual  tissues,  depending  upon 
structure,  function,  and  situation.  The  general  causes  are  referable 
mainly  to  the  blood,  to  the  tissue  cells,  and  to  nervous  influences. 
The  blood  suffers  deterioration  in  anemia,  underfeeding,  overcrowd- 
ing, and  in  intoxications,  e.g.,  from  diabetes,  nephritis,  and  other 
diseases,  from  drugs,  including  alcohol  and  prolonged  anesthesia, 
and  perhaps  from  fatigue.  One  infection,  e.g.,  syphilis,  tuberculosis, 
may  by  altering  the  composition  of  the  blood  predispose  to  other 
infections.  The  tissue  cells,  among  which  should  be  included  the 
leukocytes,  when  surprised  by  an  infection  with  which  they  are  not 
accustomed  to  deal,  may  succumb  to  the  toxins  through  lack  of 
experience  in  preparing  specific  antibodies.  The  composition  of  the 
blood  and  tissue  cells  and  the  amount  of  training  they  have  had  in 
manufacturing  specific  antibodies  may  explain  why  susceptibility  or, 
inversely,  insusceptibility  to  a  particular  microbe  varies  in  different 
individuak,  and  according  to  age,  sex,  race,  and  species. 

Insusceptibility,  or  immimity,  to  an  infection  may  be  natural  or 
acquired.  Nciural  immunUy  is  illustrated  in  the  negro,  who  possesses 
an  inherent  resistance  to  yellow  fever.    Acquired  immunity  may  be 
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active  or  passive.  Active  immunity y  so  called  because  the  tissue  cells 
are  activated  to  form  antibodies,  is  produced  by  a  previous  attack  of 
a  disease,  e.g.,  syphilis  and  the  exanthemata;  by  direct  inoculation, 
such  as  was  once  employed  in  small-pox,  and  is  still  used  for  certain 
diseases  in  animals;  by  the  introduction  of  attenuated  virus,  e.g., 
vaccination  for  small-pox  and  the  prophylactic  treatment  of  hydro- 
phobia; and  by  the  injection  of  bacterins.  Passive  immunity  is 
produced  by  the  injection  of  immune  serum  (vide  infra) ,  and  in- 
volves no  action  on  the  part  of  the  tissue  cells. 

Theories  of  Immunity. — The  body  defends  itself  against  infection 
(i)  by  destroying  bacteria  and  (2)  by  neutralizing  their  toxins. 

(i)  The  antibacterial  methods  of  defense  are  (a)  phagocytosis 
and  (b)  bacteriolysis,  (a)  Phagocytosis  is  the  process  whereby 
microbes  are  devoured  and  digested  by  certain  cells  of  the  body, 
especially  the  leukocytes;  these  cells  are  called  phagocytes.  Leukocy- 
tosis, local  or  general,  or  both,  is  nature's  effort  to  supply  a  sufficient 
number  of  phagocytes  to  overcome  the  invading  bacteria,  and  the 
surgeon  sometimes  tries  to  assist  nature  in  this  effort,  e.g.,  by  apply- 
ing heat,  inducing  passive  hyperemia  (Bier),  or  by  injecting  nucleinic 
acid  (Mikulicz)  or  horse  serum  (Petie).  The  substances  in  the  blood 
serum  which  prepare  bacteria  for  phagocytosis  are  termed  opsonins, 

(b)  Bacteriolysis  is  the  dissolving  of  bacteria,  in  the  blood  serum 
and  body  fluids,  by  an  albuminous  substance  (bacteriolysin)  furnished 
chiefly  by  the  leukocytes.  Buchner  believes  there  is  but  one  bac- 
teriolysin, which  he  calls  alexin,  for  all  bacteria  and  that  it  exists  in 
normal  serum ;  others,  that  there  is  a  separate  antibody  manufactured 
for  each  bacterium.  The  serum  of  animals  immunized  to  the  bacilli 
of  typhoid  fever,  cholera,  and  the  bacillus  coli,  cause  agglutination, 
or  clumping,  of  the  respective  microbes.  The  Widal  test  for  typhoid 
fever  is  based  on  this  phenomenon.  This  clumping  is  probably  a 
preliminary  step  to  bacteriolysis,  but  some  attribute  it  to  specific 
bodies,  called  agglutinins  or  precipitins. 

(2)  The  antitoxic  method  of  defense  consists  in  the  formation  of 
antitoxins  by  the  blood  and  tissue  cells  as  the  result  of  the  action  of 
bacterial  antigens.  An  antigen  is  any  substance  (bacterial  toxins, 
alien  blood  serum  and  cells,  certain  animal  poisons,  etc.)  which 
causes  the  generation  of  antibodies  (lysins,  agglutinins,  antitoxins, 
opsonins) .    Antitoxins  neutralize  toxins  but  have  no  effect  on  bacteria. 

Ehrlich  explains  the  phenomena  of  immunity  by  the  side-chain 
theory.  He  believes  that  every  living  cell  consists  of  a  central  body, 
and  of  a  number  of  other  chemical  groups  or  side-chains  {receptors) 
which  are  especially  concerned  with  nutrition.    A  toxin  consbts  of 
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two  chemical  groups,  the  toxic  carrying  portion  (toxophore)  and  a 
combining  portion  (haptophore) .  When  a  toxin  enters  the  circulation, 
it  must  find  receptors  to  fit  its  haptophore  group,  in  order  to  exert 
a  deleterious  action  on  the  cells.  The  toxophore  group  without  its 
haptophore  group,  and  a  toxin  whose  haptophore  group  cannot  find 
an  aflSnity  for  receptors,  are  harmless.  When  a  toxin  combines 
with  a  cell,  the  receptors  are  destroyed,  and  the  cell  makes  an  effort 
to  supply  the  loss,  producing  many  more  receptors  than  are  neces- 
sary; these  are  thrown  into  the  circulation  and  constitute  antitoxin, 
because  when  they  meet  with  the  toxin,  they  immediately  combine 
with  its  haptophore  group  and  render  it  inert.  Certain  of  these 
receptors,  called  also  immune  bodies  and  amboceptors,  have  two 
combining  groups,  one  (cytophile)  for  bacteria  or  other  cells,  the 
other  (complementophile)  for  the  complement.  The  complement 
(bacteriolysin,  alexin)  dissolves  bacteria  after  being  fixed  to  them  by 
the  amboceptor. 

In  accordance  with  the  theories  outlined  above,  infections  may 
be  prevented  or  combated  by  means  of  (i)  immune  serums,  (2) 
attenuated  forms  of  virus,  and  (3)  bacterins. 

(i)  Immune  serumSi  when  injected  into  the  body,  produce  passive 
immunity  They  are  obtained  from  specially  inununized  animals, 
and  are  (a)  antitoxic  or  (b)  antibacterial,  (a)  Antitoxic  serums  are 
laden  with  antitoxin,  produced  by  the  injection  of  toxins  into  an 
animal;  such  are  the  antitoxins  of  pneumonia,  plague,  hydrophobia, 
diptheria,  tetanus,  staphylococci  and  streptococcic  infections,  and 
antivenine;  the  last  is  non-bacterial,  (b)  Antibacterial  serums  con- 
tain bacteriolysins  and  amboceptors,  hence  kill  bacteria;  such  are 
he  t\phoid,  dysentery,  anthrax,  and  cholera  serums.  Those  serums 
which  are  of  interest  to  the  surgeon  receive  notice  under  the  diseases 
for  which  they  are  used. 

Serum  disease  is  the  name  given  to  certain  symptoms  which 
occasionally  follow  serotherapy,  sometimes  immediately,  but  more 
often  after  an  interval  of  from  eight  to  twelve  days.  The  most 
frequent  of  these  symptoms  are  pain  and  swelling  at  the  site  of  in- 
jection, pain  and  swelling  of  the  adjacent  lymph  glands,  pains  in  the 
joints,  fever,  general  urticaria  or  erythema,  slight  albuminuria,  and 
leucopenia.  Great  weakness,  dyspnea,  cough,  edema  of  the  face, 
and  swelling  of  the  tongue  may,  however,  occur,  and  a  few  cases  of 
sudden  death  have  been  reported.  Asthmatics  are  especially  prone 
to  suffer  from  disagreeable  or  dangerous  sequelae.  The  nature  of 
serum  disease  is  not  thoroughly  understood,  but  when  it  follows  a 
second  injection  of  serum,  it  is  supposed  to  be  due  to  supersensitive- 
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ness.  Super  sensitiveness,  or  anaphylaxis,  in  contradistinction  to 
prophylaxis,  is  the  increased  susceptibility  to  serum  (or  to  any 
proteid)  arising  in  an  animal  as  the  result  of  a  sub-toxic  dose  pre- 
viously administered,  the  theory  being  that  the  tissue  cells  have  been 
educated  by  the  first  injection  to  split  up  the  proteid,  hence  when  a 
second  injection  is  given  the  process  takes  place  so  rapidly  that  the 
animal  is  oven^-^helmed  by  the  toxic  portion  of  the  proteid.. 

(2)  An  attenuated  virus  is  employed  in  the  prophylactic  treat- 
ment of  hydrophobia  (q.v.),  and  small-pox  is  prevented  by  vaccina- 
tion with  an  attenuated  form  of  small-pox  (cow-pox). 

(3)  A  bacteriiii  or  vaccin,  is  a  suspension  of  dead  bacteria  with 
their  toxins  in  salt  solution.  Tuberculin,  which  must  be  put  in  this 
class,  contains,  however,  only  toxins  and  is  made  up  with  glycerin 
or  water.  Here  should  be  mentioned  also  Coley's  fluid  which  on  em- 
pirical grounds  is  used  in  the  treatment  of  mailgnant  growths  (see 
*'Sarcoma").  Bacterins  are  injected  into  the  body  with  the  idea  of 
inducing  active  immunity,  especially  by  increasing  the  opsonic  index 
and  thus  stimulating  phagocytosis.  The  opsonioindex  is  the  amount  of 
opsonin  in  the  patient '  s  serum  compared  with  that  in  normal  serum. 
It  is  determined  by  dividing  the  number  of  bactera  ingested  by 
the  leukocytes  of  the  patient's  blood,  by  the  number  ingested  by 
those  of  healthy  blood,  100  or  more  leukocytes  being  searched;  thus 
if  400  are  found  in  the  leukocytes  of  normal  blood  and  300  in  those 
of  the  patient's  blood,  the  opsonic  index  is  .75.  The  hope  that  the 
opsonic  index  might  be  a  value  in  diagnosis  and  prognosis  seems  far 
from  realization,  and  as  a  guide  to  the  dose  of  bacterins  it  is  seldom 
employed.  Bacterins  shouM,  whenever  possible,  be  autogenous,  i.e.," 
made  by  taking  the  organisms  directly  from  the  individual  to  be 
treated.  When  this  is  not.done  one  may  employ  a  stock  bacterin,  i.e., 
one  already  prepared  from  the  organisms  obtained  from  another  indi- 
vidual suffering  from  the  same  infection .  The  stock  bacterins  supplied 
by  manufacturing  chemists  have  the  number  of  bacteria  in  each  cc, 
usually  40  to  600  millions,  marked  on  the  tubes.  The  initial  dose 
varies  according  to  the  infection,  5  to  25  millions  being  the  average. 
This  is  followed  by  a  fall  (negative  phase),  then,  in  a  few  days,  by  a 
rise  in  the  opsonic  index  (positive  phase).  The  injections  are  gener- 
ally given  at  interv-als  of  from  5  to  10  clays,  and  never  when  the  nega- 
tive phase  manifests  itself  clinically  by  aggravation  of  the  symptoms. 
In  prophylaxis,  typhoid  vaccin  has  proved  of  great  value,  but  in  the 
treatment  of  disease  vaccins  have  been  a  disappointment.  They  are 
contrs^indicated  in  acute  spreading  infections  accompanied  by  toxemia. 

Other  pathogenic  micro-organisms  besides  bacteria  are: 
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1.  HypomyceteSy  or  mold,  fungi  which  consist  of  filaments,  or 
hyphae,  often  forming  an  interlacing  network,  called  the  mycelium; 
these  fungi  multiply  by  sporulation.  Thrush  {roidium  albicans), 
favus  (achorion  Schonleinii),  and  certain  other  skin  diseases  are 
caused  by  molds.  The  streptothricoses  (actinomycosis  and  myce- 
toma) should  be  mentioned  here,  although  the  organisms  belonging 
to  the  streptothrix  group  are  said  to  occupy  a  position  some  where 
between  the  molds  and  bacteria. 

2.  The  yeasiSy  blasiomyceteSy  or  sacckaromyceleSy  which  multiply 
by  budding,  or  gemmation,  cause  bread  to  rise,  and  are  responsible 
for  many  forms  of  fermentation.  Blastomycetic  dermatitis  is  due 
to  yeast  fungi,  and  some  suppose  that  a  yeast  causes  cancer. 
Six>rotricosis  is  closely  allied  to  blastomycosis. 

3.  Protozoa,  which  are  microscopic  unicellular  organisms  belong- 
ing to  the  lowest  form  of  animal  lite.  Malaria  (plasmodium  ma- 
laria?), trypanosomiasis  (sleeping  sickness),  s)^hilis  (spirocheta) , 
and  certain  iorms  of  dysentery  (ameba  coli)  are  due  to  protozoa, 
and  carcinoma,  variola,  and  molluscum  contagiosum  are  supposed 
to  be  due  to  protozoa. 

Special  surgical  micro-organisms  are  mentioned  under  the  diseases 
for  which  they  are  responsible. 

Distnfection,  or  sterilization,  is  the  destruction  of  germs  outside 
or  on  the  surface  of  the  body.  The  agent  by  which  dbinfection  is 
effected  is  called  a  disinfeciant,  or  germicide.  An  antiseptic  restricts 
or  prevents  the  development  of  micro-organisms;  as  commonly 
employed,  however,  the  term  is  synonymous  with  germicide  and 
disinfectant.  A  deodorizer,  e.g.,  charcoal,  may  destroy  an  offensive 
odor,  but  is  not  necessarily  an  antiseptic.  Asepsis  means  the 
absence  of  bacteria;  antisepsis  includes  all  the  measures  taken  for 
the  destruction  of  bacteria.  Disinfection  may  be  divided  into  (i) 
mechanical,  (2)  thermal,  or  (3)  chemical. 

1.  Mechanical  disinfection  is  the  mordant  for  other  forms  of 
disinfection;  it  consists  in  shaving,  scrubbing  with  soap  and  water, 
and  irrigation.  Without  it  many  chemical  disinfections  are  useless, 
with  it  even  the  mildest  are  highly  efficient. 

2.  Thermal  dismfectioni  or  heat,  is  the  most  effectual  of  all 
forms  of  sterilization,  and  should  be  used  whenever  possible.  Moist 
heal  (boiling  water  or  other  liquids,  and  steam)  is  more  efficient  than 
dry  heat.  Steam  may  be  quiescent  (simple  steam),  live  steam,  or 
steam  under  pressure.  Live  steam  is  better  than  simple  steam,  and 
steam  under  pressure  is  the  best  of  all.  An  autoclave  (Fig.  11)  is  a 
sterilizer  into  which  steam  is  introduced  under  high  pressure.    A. 
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vacuum  is  first  created,  thus  allowing  greater  penetration  of  the 
steam  into  the  articles  within  the  chamber.  The  steam  is  under  a 
pressure  of  from  lo  to  15  pounds  to  the  square  inch  at  240°F.  At 
the  completion  of  the  process  of  sterilization  a  vacuum  is  again 
created  and  the  objects  dried.  By  means  of  this  apparatus  complete 
sterilization  (10  pounds  pressure  at  240°F,)  of  ordinary  dressings, 
etc.,  takes  place  in  three-fourths  of  an  hour.  Material  for  steriliza- 
tion in  the  autoclave  should  be  loosely  packed,  should  not  come  in 
contact  with  the  walls  of  the  sterilizer,  and  should  be  heated  before 
the  steam  is  turned  on.  Simpler  and  cheaper  sterilizers,  without 
the  advantage  of  pressure,  also  are  on  the  market.  Dry  heat  (Same, 
hot  air,  actual  cautery,  etc.)  is  rarely  employed. 

3.  Chemical  disiniectionisof  lessvaluethanthemechanicaland 
the  thermal  methods.  The  principal  conditions  governing  the 
germicidal  action  of  a  chemical  are  its  strength 
and  the  medium  in  which  the  bacteria  exist.  A 
chemical  sufficiently  strong  to  be  rapidly  germi- 
cidal will  kill  not  only  bacteria,  but  also  the 
tissue  cells.  If  the  medium  containing  the 
bacteria  is  distilled  water  an  added  germicide 
comes  at  once  in  contact  with  the  organisms 
and  acts  promptly;  whereas  serum,  pus,  and 
other  exudates  protect  the  bacteria  mechan- 
ically, and  weaken  the  disinfectant  by  combin- 
ing with  it.  The  time  the  chemical  remains  in 
contact  with  the  microbes  also  has  some  in- 
fluence, and,  generally  speaking,  the  hotter  and 
fresher  the  solution  the  greater  its  power  as  a 
disinfectant,  although  heat  may  cause  congestion  and  excessive  heat 
may  devitalize  the  tissue  cells.  In  using  germicides  one  should 
always  keep  in  mind  the  possibility  of  poisoning,  both  local  and 
general.  Of  the  many  chemical  disinfectants  the  most  important 
are  mentioned  below. 

Bichlorid  of  mercury  {corrosive  sublimate)  is  a  white  poisonous 
powder,  used  as  a  solution  in  water.  As  the  solution  is  colorless  and 
odorless  a  small  quantity  of  eosin  should  be  added,  so  that  it  may  readily 
be  distinguished  from  other  fluids.  Bichloridof  mercury  is  very  fastid- 
ious in  its  action;  thus  it  decomposes  when  brought  in  contact  with 
metallic  apparatus,  and  is  inert  in  the  presence  of  alkalies  and  al- 
bumins, so  that  solutions  must  be  made  with  distilled  or  filtered 
water.  The  union  of  bichlorid  of  mercury  with  albumin  may  be 
prevented  by  the  addition  of  tartaric  or  citric  acid,  which,  it  should  be 
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remembered,  will  have  the  same  effect  also  on  albumins  which  may 
be  administered  to  combat  poisoning.  Bichlorid  solutions  should 
be  fresh,  as  standing  for  some  time  impairs  their  power,  owing  to  the 
formation  of  an  oxychlorid;  this  may  be  prevented  by  the  addition  of 
ammonium  chlorid  or  sodium  chlorid.  For  convenience  bichlorid 
is  put  up  in  tablets  containing  7.3  grains  of  corrosive  sublimate 
and  an  equal  amount  of  ammonium  chlorid;  one  of  these 
tablets  added  to  a  pint  of  water  makes  a  i  to  1000  solution.  It  is 
never  used  in  clean  wounds,  as  it  destroys  some  of  the  cells  and  causes 
exudation;  and  because  of  its  irritating  qualities,  it  is  never  applied 
to  serous  membranes,  such  as  the  peritoneum,  meninges,  pleura  and 
s\Tiovial  membranes.  For  the  skin  it  is  employed  in  the  strength  of 
I  to  1000;  for  wounds,  i  to  2000;  for  the  vagina,  i  to  5000;  for  the 
urethra,  i  to  10,000;  and  for  the  conjunctivae,  i  to  40,000.  Unless 
one  is  accustomed  to  its  use  corrosive  sublimate  frequently  causes  a 
cracking  and  blackening  of  the  hands.  Occasionally  bichlorid  of 
mercury  causes  a  severe  dermatitis  with  the  formation  of  pustules, 
and  it  is  sometimes  absorbed  from  wounds,  producing  constitutional 
symptoms  of  poisoning,  viz.,  salivation,  stomatitis,  metallic  taste  in 
the  mouth,  foul  breath,  vomiting,  colicky  pains  in  the  abdomen, 
diarrhea,  nephritis,  and  in  very  severe  cases  collapse  and  death;  the 
drug  is  withdrawn,  of  course,  on  the  first  indication  of  absorption. 
Carbolic  acid,  or  phenol,  occurs  as  crystals  which  deliquesce  on 
exposure  to  air,  the  resulting  fluid  being  called  pure  carbolic  acid.  It 
is  rarely  used  in  wounds  because  of  its  irritating  effects,  although  it 
penetrates  fatty  tissues.  It  is  a  good  deodorizer,  however,  and  is  often 
pat  into  ointments  because  of  its  feeble  anesthetic  properties.  It  is 
not  used  on  the  hands,  because  it  roughens  and  cracks  them  and 
impairs  their  sensibility.  When  powerful  solutions  are  applied  for  a 
long  time,  gangrene  may  result.  It  finds  its  chief  oflice  in  the  disin- 
fection of  materials  which  do  not  stand  boiling  well.  Pure  carbolic 
acid  is  occasionally  employed  to- sterilize  badly  infected  wounds, 
alcohol  being  used  one  or  two  minutes  later  for  the  purpose  of 
neutralization.  When  the  weaker  solutions  (i  to  5  per  cent.)  are 
continuously  applied  to  a  wound,  absorption  and  poisoning  may 
ensue;  the  pure  acid  produces  a  superficial  area  of  coagulation  which 
prevents  its  absorption.  One  of  the  first  symptoms  of  absorption 
is  smoky,  greenish,  or  blackish  urine  (carboluria).  Later  there  may 
be  vomiting,  headache,  vertigo,  sweating,  feeble  pulse,  irregular  and 
rapid  breathing,  great  weakness,  and  subnormal  temperature.  The 
treatment  consists  in  withdrawal  of  the  drug,  stimulation,  and  sodium 
sulphate  or  Epsom  salts. 
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Lysol  and  creolin  are  coal-tar  derivatives,  which  are  feebler  than 
carbolic  acid,  but  less  toxic  and  irritating.  Each  may  be  used  in  the 
strength  of  3  per  cent. 

Hydrogen  perozid  is  frequently  employed  to  cleanse  suppurating 
areas.  It  is  a  fluid  which,  when  applied  to  a  wound,  sets  free  from 
ten  to  fifteen  times  its  volume  of  oxygen,  producing  ebullition,  and 
probably  destroying  the  elements  upon  which  bacteria  live.  It 
should  be  kept  in  a  dark  and  cold  place,  should  ordinarily  be  used  in 
half  strength,  and  should  never  be  injected  into  deep  sinuses  unless 
a  large  external  opening  exists,  as  the  liberated  gas  may  do  great 
harm  by  pressure.  In  order  to  render  hydrogen  peroxid  less  irritat- 
ing, the  acid  which  the  manufacturers  put  into  the  fluid  to  preserve 
it  may  be  neutralized  by  adding  a  small  quantity  of  sodium  bicar- 
bonate, but  only  when  the  peroxid  is  to  be  used  at  once,  since  the 
alkali  hastens  its  decomposition. 

Permanganate  of  potassium  is  a  good  deodorizer  for  foul  wounds, 
sloughing  tumors,  etc.,  in  the  strength  of  from  J 10  to  5  per  cent.  It 
is  used  for  disinfecting  the  hands  (saturated  solution  in  water)  and 
as  an  antidote  to  snake  poisoning. 

Alcohol  is  employed  chiefly  for  the  preservation  of  surgical  mate- 
rials, such  as  sutures,  etc.,  for  the  disinfection  of  instruments  with 
keen  edges,  for  the  disinfection  of  the  hands  previous  to  operation 
(see  *^  Surgical  Technic^  ')>  ^^^  to  remove  fatty  material  from  the  skin 
previous  to  the  application  of  bichlorid  of  mercury.  Gasoline, 
ether y  henzin,  and  turpentine  also  are  occasionally  useful  for  the  last 
purpose.     All  of  these  are  inflammable. 

Formaldehyd  is  a  powerful  antiseptic  gas,  which  is  sold  as  a  40 
per  cent,  solution  in  water,  under  the  name  of  formalin.  It  is  very 
irritating,  and  should  rarely  be  applied  to  living  tissues;  some  opera- 
tors employ  a  2  per  cent,  solution  for  the  disinfection  of  instruments. 
Glutol,  or  formalin  gelatin,  is  a  powder  which  gives  off  formalin  when 
brought  in  contact  with  wound  secretions. 

Boric  acid  (saturated  solution  in  water)  is  a  mild  antiseptic, 
which  is  indicated  when  more  powerful  but  more  irritating  disin- 
fectants cannot  be  employed. 

Tincture  of  iodin  is  now  being  widely  employed  for  disinfection 
of  the  skin  previous  to  operation,  as  described  in  the  chapter  on 
"Surgical  Technic.*'  It  is  strongly  recommended  also  for  the  steril- 
ization of  infected  wounds.  It  may  be  applied,  full  strength,  at  long 
intervals,  or  the  wound  may  be  irrigated  daily  with  a  i  per  cent,  solu- 
tion. In  irrigating  large  wounds  with  iodin  solution,  the  possibility 
of  poisoning  should  be  kept  in  mind. 
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Iodoform  is  a  yellow  powder  with  a  disagreeable  smell.  It 
liberates  iodin  when  brought  in  contact  with  wound  secretions,  and 
so  creates  an  unfavorable  field  for  bacteria;  but  bacteria  may  grow 
upon  dry  iodoform,  so  that  it  must  be  sterilized  for  at  least  five 
minutes  by  washing  in  a  i  to  10,000  bichlorid  of  mercury  solution. 
It  is  frequently  used  as  iodoform  gauze,  or  as  an  emulsion  in  ether, 
glycerin,  vaselin,  or  sweet  oil.  Its  chief  value  is  supposed  to  be  in 
tuberculosis,  owing  to  its  ability  to  produce  fibrous  tissue  as  the  result 
of  the  irritating  action  of  the  iodin.  Iodoform  sometimes  causes  a 
severe  dermatitis,  and  occasionally  constitutional  symptoms  of  poison- 
ing. In  some  cases  there  is  marked  gastrointestinal  irritation,  such 
as  vomiting  and  diarrhea;  in  others  cerebral  symptoms,  such  as  de- 
lirium or  melancholia;  in  either  case  there  is  fever,  yellowness  of  the 
conjunctivae,  suffusion  of  the  eyes  with  contraction  of  the  pupils,  a 
metallic  taste  in  the  mouth,  an  odor  of  iodoform  upon  the  breath, 
and  iodin  in  the  saliva  and  urine.  A  rash  upon  the  skin,  rapid  ema- 
ciation, and  nephritis  are  not  infrequent.  Many  substitutes  have 
been  proposed  for  iodoform,  but  nothing  as  efficient  for  tuberculous 
lesions  has  yet  been  created.  The  odor  of  iodoform  may  be  made 
less  disagreeable  by  the  addition  of  one  of  the  aromatic  oils.  Except 
in  tuberculosis  the  author  never  uses  iodoform  and  rarely  any  other 
antiseptic  powder.  Powders^  as  ordinarily  used  from  a  box  which  is 
exposed  to  the  air  and  dust,  are  laden  with  germs;  hence  are  contrain- 
dicated  in  aseptic  wounds,  and  much  better  means  of  disinfection  may 
be  found  for  infected  wounds.  A  cetanilid  when  freely  used  is  positively 
dangerous;  cyanosis  and  collapse  may  follow,  especially  in  the  old, 
the  young,  or  the  debilitated.  Smaller  doses,  frequently  applied,  as 
in  the  dressing  of  ulcers,  may  lead  to  chronic  poisoning  (anemia, 
mental  hebetude,  and  congestion  of  the  liver,  spleen,  and  kidneys). 

The  salts  of  silver,  e.g.,  silver  nitrate,  lactate  (actol),  citrate 
•  itrol).  coUargol,  protargol,  and  argyrol  have  antiseptic  properties. 
All  but  the  first  are  proprietary  preparations.  The  indications  for 
these  salts  will  be  given  in  subsequent  pages.  Silver  foil  is  occasion- 
ally applied  to  wounds. 

Dyes  as  disinfectants  have  recently  attracted  notice.  Malachite 
green.  2  per  cent,  in  alcohol  (80  per  cent.)  mixed  with  an  equal 
volume  of  a  2  per  cent,  solution  of  mercuric  chlorid  in  alcohol  (80 
per  cent.)  is  recommended  by  Cheatle.  Hexamethyl  violet, 
and  brilliant  green  (the  last  in  the  strength  of  i  to  1000  in  water) 
also  are  sakl  to  have  pronounced  germicidal  properties.  Acri- 
fiavine  and  proflavine  are,  according  to  Browning,  powerful  anti- 
septicSy  whose  action  is  increased  by  serum,  though  diminished  by 
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pus.    They  are  less  detrimental  to  phagocytosis  than  other  disin 
fectants,  but  act  more  slowly,  and  are  generally  used  in  the  strength 
of  I  to  looo  in  normal  salt  solution.     Dakin  and  Dunham  believe 
that  the  germicidal  action  of  these  substances  has  been  overestimated. 

Of  the  chlorin  group  of  antiseptics  hypochlorous  acid,  Dakin's 
solution,  and  dichloramin  T.  are  the  most  important  members. 

Hypochlorous  acid  is  a  strong  germicide,  which,  in  the  strength 
of  .5  per  cent.,  produces  little  irritation  of  the  tissues  (Lorraine 
Smith).  Eupad  consists  of  equal  parts  of  chlorinated  lime  and 
boric  acid.  When  dusted  on  a  wound  it  liberates  hypochlorous  add, 
hence  acts  at  a  distance,  but  should  be  applied  for  a  short  time  only. 
Eusol  is  made  by  adding  25  grams  of  eupad  to  one  litre  of  water. 
After  standing  for  a  few  hours  the  solution  is  filtered.  It  contains 
.54  per  cent,  of  hypochlorous  acid.  Eusol  has  been  extensively  em- 
ployed as  a  substitute  for  Dakin's  solution. 

Dakin's  solution  is  a  neutral,  or  slightly  alkaline,  solution  of 
sodium  hypochlorite  in  the  strength  of  from  .45  to  .50  per  cent.  It 
can  be  made  in  several  ways.  The  method  of  Daitfresne,  which  is 
the  most  popular,  is  as  follows:  To  make  10  litres  of  solution  put 
184  grams  of  chlorinated  lime  (containing  25  per  cent,  active  chlorin) 
in  a  10  litre  bottle  with  5  litres  of  water.  Shake  well  and  let  stand  6 
or  more  hours.  Dissolve  92  grams  of  dry  sodium  carbon'ate  (or 
262  grams  of  the  crystalline  salt),  and  76  grams  of  sodium  bicarbonate 
in  5  litres  of  water,  add  this  solution  to  the  suspension  of  chlorinated 
lime,  shake  well,  and  allow  to  stand  for  one-half  hour  so  that  the 
calcium  carbonate  may  precipitate.  The  clear  fluid  is  then  siphoned 
off  and  filtered  through  paper. 

In  order  to  determine  the  quantity  of  active  chlorin  in  the  chlori- 
nated lime  the  following  test  must  be  made  every  time  a  new  product 
is  received.  Mix  20  grams  of  the  sample  in  a  litre  of  water,  and 
leave  in  contact  a  few  hours.  Measure  10  cc.  of  the  clear  fluid  and 
add  20  cc.  of  a  10  per  cent,  solution  of  potassium  iodid  and  2  cc.  of 
acetic  acid  or  hydrochloric  acid;  then  put,  drop  by  drop,  into  the 
mixture  a  decinormal  solution  of  sodium  hyposulphite  (2.48  per  cent.) 
until  decoloration.  The  number  of  cubic  centimeters  of  hyposulphite 
employed,  multiplied  by  1775  will  give  the  weight  (N)  of  active 
chlorin  contained  in  100  grams  of  chlorinated  lime.  When  the 
result  obtained  is  not  25  per  cent.,  the  proportions  of  the  three  in- 
gredients of  the  preparation  must  be  adjusted  accordingly.  This 
can  be  done  by  multiplying  each  of  three  figures  given  in  the  formula 
184,  92,  76)  by  25/N,  in  which  N  represents  the  active  chlorin  per- 
entage  in  the  sample  of  chlorinated  lime. 
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To  estimate  the  h)^ochlorite  content  of  Dakin's  solution  measure 
10  cc.  of  the  solution,  add  20  cc.  of  a  10  per  cent,  potassium  iodid 
solution,  then  2  cc.  of  acetic  or  hydrochloric  acid,  and  then  drop  by 
drop,  a  decinormal  solution  of  sodium  hyposlphite  until  decoloration. 
The  number  of  cubic  centimetres  used  multiplied  by  .03725  will 
give  the  weight  of  sodium  hypochlorite  in  100  cc.  of  the  solution. 

The  reaction  of  the  solution  is  determined  by  sprinkling  on  it  a 
few  grains  of  powdered  phenolphthalein.  The  correct  solution  shows 
no  discoloration,  while  Labarraque's  solution  and  Eau  de  Javel 
give  an  intense  red  color,  indicating  thfe  presence  of  free  caustic 
alkali. 

Dakin's  solution  should  be  freshly  prepared  each  day  and  accur- 
ately tested  by  titration  for  its  hypochlorite  content  and  neutral 
reaction.  It  should  be  stored  only  in  dark  amber  bottles  and  in  a 
cool  place.  The  fluid  when  brought  in  contact  with  a  wound  rapidly 
liberates  its  chlorin  in  from  3  to  7  minutes,  which  unites  with  the 
organic  matter  and  produces  new  substances  known  as  chloramins; 
that  which  combines  with  the  bacteria  acts  as  a  direct  germicide. 
These  chloramins,  though  more  stable  chemical  compounds  than  the 
h>'pochlorites,  also  liberate  chlorin  and  thus  continue  the  germicidal 
reactions  with  bacteria  until  the  chlorin  becomes  so  firmly  bound 
that  chemical  actions  ceases.  Unfortunately  the  mass  of  chlorin 
available  in  the  clinically  usuable  strength  of  the  hypochlorites,  0.45 
per  cent,  is  almost  negligible  as  a  germicide  and  thus  the  direct 
germicidal  effect  of  the  hyj^ochlorites,  in  this  strength,  and  the  chlora- 
mins that  may  be  formed,  are  small  factors  in  the  clinical  results 
obtained  with  these  solutions.  Dakin  and  Dunham  believe  when 
the  chlorin  breaks  way  from  the  hypochlorite  radical  NaO-Cl  a 
hydrogen  atom  unites  with  the  remaining  NaO  to  form  NaOH  or 
caustic  soda.  It  is  the  solvent  or  proteolytic  effect  of  this  sodium 
hydroxide  upon  the  dead  and  devitalized  wound  contents,  and 
the  consequent  elimination  of  bacterial  food,  that  is  the  real  factor 
in  the  sterilization  of  wounds  with  this  solution;  an  indirect 
germicidal  action  similar  to  the  action  of  hydrogen  peroxid;  a 
chemical  debridement.  This  chemical  action  is  said  to  last  from 
30  minutes  to  i  hour,  hence  the  necessity  for  frequent  instillation  of 
the  solution  into  a  woimd.  Dakin's  solution  dissolves  dead  tissue, 
including  catgut,  and  corrodes  metallic  instruments.  It  also  causes 
irritation  of  the  skin,  which  may  be  prevented  by  applying  vaselin. 
The  Carrel  technic  for  the  treatment  ol  wounds  with  Dakin's  fluid  is 
described  in  the  chapter  on  "Wounds."    The  disadvantages  of  the 

metbod  of  wound  treatment  are  the  skin  irritation, 
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the  predisposition  to  secondary  hemorrhage,  and  the  time,  care, 
and  personnel  needed  to  make  it  effective;  hence  despite  the  virtues 
of  Dakin's  solution  as  a  germicide,  and  as  a  cleansing  agent  in  the 
presence  of  sloughing,  various  substitutes  have  been  proposed,  the 
most  important  of  which  is  dichloramin-T. 

Dichloramin-T  (Dakin's  oil)  is  a  solution  of  toluene  parasul- 
phondichloramin  in  chlorinated  paraffin  (chlorcosane).  The  chlorin 
is  Islowly  liberated  over  a  period  of  from  i8  to  24  hours,  instead 
of  3  to  7  minutes,  as  with  the  Dakin's  solution.  It  is  usually  non- 
irritating  to  the  skin,  and  may  be  kept  for  one  month  with  only  25 
per  cent,  decomposition.  Water,  alcohol,  hydrogen  peroxid,  and 
metal  should  not  come  in  contact  with  the  solution. 

Lee^s  technic  for  treating  wounds  with  Dakin's  oil  consists  in 
mechanical  disinfection  as  in  the  Carrel  method.  The  skin  is  cleansed 
with  soap,  water  and  ether,  and  the  wound  filled  with  a  5  per  cent, 
solution.  If  there  is  a  dependent  drain,  thiis  is  plugged  until  after 
the  oil  has  been  poured  into  the  cavity.  The  oil  is  reapplied  every 
24  hours,  and,  in  order  to  prevent  its  absorption  into  the  dressing, 
only  four  layers  of  gauze  are  used  to  cover  the  wound.  Further, 
the  dressing  should  not  be  impervious,  otherwise  the  confined  dichlor- 
amin  becomes  irritating  to  the  skin.  Relatively  clean  wounds  are 
sutured  at  once,  others  are  closed  secondarily  after  bacteriologic 
examinations  have  proved  them  to  be  clinically  sterile. 


CHAPTER  IV 

STIRGICAL  TECHNIC 

An  operation  is  performed  with  greater  comfort  to  the  surgeon, 
and  greater  safety  to  the  patient,  in  a  hospital  than  in  a  private 
house.     A  well-equipped  hospital  is  supplied  with  an  anesthetizing 
room,  an  operating  room,  a  recovery  room,  and  rooms  for  the  sur- 
geons and  nurses  to  change  their' clothing.    The  most  essential  factor 
in  an  anesthetizing  room  is  that  it  be  well  lighted,  in  an  operating 
room  that  it  may  be  easily  and  thoroughly  cleansed,  and  in  a  recovery 
room  that  it  has  some  means  of  immediately  summoning  aid  in  an 
emergency.     There  are  also  auxiliary  rooms  for  the  sterilization  of 
the  material  used  during  an  operation,  for  the  storing  of  instruments, 
dressings,  etc. 

btstmmeiits  are  usually  kept  in  an  air-tight  glass  case,  in  the 
bottom  of  which  are  small  open  compartments,  containing  calcium 
chlorid  tor  the  absorption  of  any  moisture  which  may  gain  access 
to  the  closet  and  tarnish  the  instruments.  Instruments  should  be  all 
metal,  witb  as  few  corrugations,  indentations,  and  joints  as  possible, 
in  order  to  facilitate  proper  cleaning.  They  are  sterilized  by  boiling 
for  fifteen  minutes  in  water  to  which  has  been  added  sodium  car- 
bonate in  the  strength  of  i  per  cent,  {i}^^  dr.  to  the  pint),  for  the 
purpose  ot  preventing  rusting.    As  ebullition  tends  to  dull  sharp 

• 

instruments,  they  should  be  protected  by  a  wrapping  of  cotton  and 
boiled  for  a  shorter  period,  chisels  and  scissors  for  five  minutes,  knives 
and  needles  for  three  minutes;  or  placed  in  a  solution  of  carbolic  acid 
'^5 per  cent.),  formalin  (2  per  cent.),  or  alcohol  (95  per  cent.),  for  30 
minutes.    These  solutions  should  be  used  also  for  instruments  with 
Wooden  or  ivory  handles,  which  are  cracked  by  boiling.     Instru- 
ments containing  lenses,  e.g.,  the  cystocope,  are  ruined  by  boiling 
and  by  alcohol,  hence  must  be  disinfected  in  a  solution  of  carbolic 
acid  (5  |>er  cent.)  or  formalin  (2  per  cent.),  all  traces  of  the  chemical 
t«ng  removed  subsequently  by  washing  with  sterile  water,  par- 
ticularly if  the  instrument  is  to  be  used  in  the  urethra,  or  any  other 
situation  in  which  an  active  germicide  might  do  harm.     The  sterilizer 
conasts  of  a  copper  tray,  with  a  securely  fitting  lid,  and  a  perforated 
f^  bottom  with  handles;  the  false  bottom  prevents  hi  jury  to  the 

S9 
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instruments  due  to  the  exposure  to  the  direct  intense  heat  on  the 
floor  of  the  sterilizer,  and  facilitates  their  removal  at  the  completion 
of  boiling,  the  bottom  being  lifted  from  the  sterilizer  by  means  of 
hooks  passed  through  the  handles  of  the  false  bottom.  After  sterili- 
zation instruments  may  be  placed  in  a  tray  containing  sterile  water 
or  spread  on  a  dry  sterile  sheet;  in  either  case  they  should  be  covered 
with  sterile  towels  until  the  operation  is  begun.  At  the  completion 
of  an  operation  the  instruments  should  be  scrubbed  with  soap  and 
water,  sterilized,  and  dried,  before  replacing  them  in  the  closet. 

Sutures  and  Ligatures. — Silkworm  gut,  or  Ashing  gut,  is  the  thread 
drawn  from  the  silkworm  killed  when  ready  to  spin  the  cocoon.  It 
is  strong,  smooth,  readily  tied  in  a  secure  knot,  and  is  easily  sterilized 
by  boiling.  In  many  hospitals  it  is  placed  in  long  glass  tubes,  which 
are  securely  corked,  and  boiled.  It  is  then  ready  for  instant  use, 
the  tube  being  submerged  in  bichlorid  or  carbolic  acid  solution  before 
being  uncorked.  With  the  latter  method,  however,  it  is  desirable  to 
soak  the  silkworm  gut  in  boiling  water  for  a  few  minutes  before 
using,  in  order  to  render  it  pliable.  As  silkworm  gut  is  not  absorb- 
able, it  is  used  only  on  surfaces  from  which  it  may  be  subsequently 
removed,  and  as  it  stiffens  while  drying,  it  is  not  used  in  such  regions 
as  the  axilla,  perineum,  etc.,  without  shotting,  as  the  ends  might 
occasion  discomfort  by  pricking  the  tissues. 

Silk  is  plaited,  floss,  or  twisted.  It  is  strong,  very  pliable,  and 
may  be  tied  in  a  firm  knot.  It  may  be  sterilized  by  boiling  in  water 
for  a  half  hour.  This  diminishes  the  strength  of  the  silk,  however, 
and  a  better  method  is  to  place  the  material,  wound  on  glass  spools, 
in  a  test  tube  plugged  with  cotton;  the  tube  is  then  placed  under  lo 
pounds'  pressure  in  an  autoclave  for  one-half  hour,  and  the  process  is 
repeated  the  following  day,  and  again  on  the  third  day  {fractional 
sterilization)  J  the  theory  being  that  any  spores  which  may  have 
escaped  destruction  during  the  first  sterilization  will  have  developed 
into  adults  by  the  second  or  third  day,  and  will  then  be  more  easily 
killed.  SiLk  is  used  most  often  for  suturing  the  stomach  and  the 
intestine.     It  is  not  absorbable. 

Catgut  comes  from  the  submucous  coat  of  the  sheep's  intestine. 
Being  absorbable,  it  is  generally  used  for  ligatures  and  for  buried 
sutures.  After  being  put  into  the  tissues  it  swells  and  tends  to  be- 
come untied,  so  that  it  should  always  be  tied  in  three  knots  and  the 
ends  left  at  least  }^i  inch  long.  It  may  be  sterilized  by  one  of  a 
number  of  different  methods;  boiling  in  alcohol,  cumol,  or  xylol,  and 
sterilization  by  dry  heat  are  eflicient,  but  require  special  apparatus. 
The  following  methods  are  simple  and  reliable : 
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Claudius  uses  iodized  catgut.  After  the  raw  catgut  has  been 
wound  on  a  glass  spool  it  is  soaked  for  eight  days  in  a  solution  of  one 
part  of  iodin  and  one  part  of  potassium  iodid  in  loo  parts  of  water. 
Before  using  it  is  placed  in  a  3  per  cent,  solution  of  carbolic  acid  or 
in  sterile  salt  solution,  to  remove  the  surplus  iodin.  Unused  catgut 
may  be  replaced  in  the  iodin  solution.  Catgut  thus  prepared  is 
absorbed  in  from  12  to  16  days,  according  to  its  size.  To  render  the 
gut  less  absorbable,  soak  it  in  a  i  to  2000  aqueous  solution  of  chromic 
acid  for  24  hours  before  sterilization. 

Congdon  uses  a  modification  of  Hofmeister^s  method ;  he  winds  raw 
catgut  on  a  glass  cylinder  in  a  single  layer,  and  places  it  in  a  3  per 
cent,  solution  of  formalin  for  from  i^^^  hours  to  4  hours,  according 
to  the  size  of  the  gut.    After  it  has  been  washed  in  running  water  for 
the  same  length  of  time  that  it  has  been  in  the  formalin  solution  it  is 
dried  in  the  open  air  and  stored  away  for  future  use.     Catgut  pre- 
pared by  this  method  may  be  boiled  like  ^ilk.     When  it  is  desired 
to  have  the  catgut  resist  absorption  for  a  longer  period,  a  5  per  cent. 
solution  of  formalin  is  used  instead  of  the  3  per  cent,  solution,  and 
the  gut  is  left  in  this  solution  twice  as  long  as  that  stated  for  the  3 
per  cent,  solution;  it  is  then  washed  in  running  water  for  the  same 
length  of  time  that  it  has  been  submerged  in  the  formalin  solution. 
By  the  latter  method  No.  4  gut  will  resist  absorption  for  from  four  to 
six  weeks. 

Bartlett's  Method. — The  catgut  is  rolled  into  little  coils,  which  are 
stning  on  a  thread  and  suspended  in  a  beaker  glass,  without  touching 
the  sides  or  bottom,  by  bringing  the  ends  of  the  thread  through  a  small 
opening  in  a  pasteboard  cover,  which  is  placed  on  the  receptacle. 
The  same  opening  admits  a  thermometer,  the  bulb  of  which  is  on  a 
level  with  the  topmost  coils.  The  catgut  is  covered  with  liquid 
petrolatum,  the  temperature  of  which  is  gradually  raised  to  2i2°F. 
'>y  placing  the  beaker  in  a  sand  bath.  After  12  hours  the  tempera- 
ture is  increased  to  3oo°F.  in  the  course  of  an  hour,  and  then  the  oil 
IS  allowed  to  cool.  After  allowing  the  superfluous  oil  to  drop  from 
^e  catgut,  the  coils  are  placed  until  needed  in  a  i  per  cent,  solution 
<^' iodin  in  Columbian  spirits.  This  method,  as  modified  by  Lee^  is 
^ployed  in  the  Pennsylvania  and  Jefferson  Hospitals.  Lee  drys 
^^gut  in  a  dry  air  sterilizer,  at'ioo°C.,  for  15  minutes,  then  covers 

• 

*^  with  liquid  petrolatum  and  raises  the  temperature  to  i4o°C., 
^here  it  is  maintained  for  15  minutes.  At  the  end  of  12  hours  the 
temperature  is  again  raised  to  i40°C.  and  there  kept  for  15  minutes. 
The  gut  is  preserved  in  a  Ke  P^r  cent,  solution  of  iodin  in  alcohol 
(95  per  cent.). 
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Kangaroo  tendon  is  obtained  from  the  tail  of  the  kangaroo, 
and  may  be  prepared  in  the  same  manner  as  catgut.  When  chromi- 
cized  it  may  not  be  absorbed  by  the  tissues  for  two  months.  It 
is  used  for  suturing  bone,  or  when  an  absorbable  suture  which 
will  last  a  long  time  is  desired. 

Some  surgeons  employ  living  strips  of  fascia  from  the  margins 
of  the  wound  which  they  desire  to  close. 

Silver  wire  may  be  used  for  suturing  bone;  care  being  taken 
in  twisting  the  ends  of  the  wire,  lest  it  break.  Although  silver 
wire  is  said  to  have  antiseptic  properties,  it  frequently  causes 
suppuration  and  sinus  formation  when  allowed  to  remain  in  the 
tissues  for  a  long  time,  and  should  very  rarely  be  used  except  for 
the  indication  just  mentioned.  Iron  wire  has  been  recommended 
as  a  substitute  for  silver  wire  in  bone  work,  as  it  is  not  so  easily 
broken;  aluminum  bronze  wire,  which,  unlike  silver  or  iron,  is  ulti- 
mately absorbed,  has  been  utilized  for  the  same  purfK)se;  these  wires 
may  be  sterilized  by  boiling. 

Horsehair  may  be  used  for  the  nice  approximation  of  skin  where 
there  is  no  tension ;  it  may  be  boiled  in  water. 

Pagenstecher's  celluloid  thread  is  linen  thread  impregnated  with 
celluloid;  it  has  the  advantages  of  silkworm  gut,  as  well  as  great 
flexibility. 

Dressings  are  commonly  made  of  cheesecloth,  or  gauze.  Cotton 
or  any  material,  however,  which  will  absorb  fluids  and  which  may 
be  sterilized,  may  be  used  for  this  purpose.  The  sizing  should  be 
removed  from  cheesecloth  by  boiling  in  a  solution  of  carbonate  of 
soda,  but  in  the  material  coming  from  a  surgical  house  this  process 
has  already  been  effected.  The  material  is  cut  into  suitable  lengths 
for  various  operations,  folded,  and  wrapped  in  two  covers  of  drilling 
or  heavy  muslin,  which  are  secured  by  a  prn.  These  packages  are 
sterilized  under  lo  pounds'  pressure  for  forty-five  minutes,  and 
are  kept  in  covered,  sterilized  glass  jars  until  required.  Antiseptic 
dressings  are  prepared  by  soaking  gauze  in  solutions  of  various 
antiseptics. 

"Sponges,"  in  surgical  parlance,  are  small  pads  of  gauze.  They 
are  put  up  in  packages,  each  of  which  contains  a  definite  and  an 
invariable  number  of  pads,  usually  lo,  so  as  to  facilitate  counting 
at.  the  time  of  operation.  For  intraabdominal  work  large  gauze 
pads,  six  or  more  inches  square,  consisting  of  six  layers  of  gauze, 
are  employed  to  isolate  the  field  of  operation.  To  one  comer  of 
each  pad  is  sewed  a  piece  of  tape,  which  emerges  from  the  wound 
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and  is  secured  by  a  hemostat,  in  order  that  it  shall  not  be  forgotten. 
A  better  plan  i^  to  prepare  a  pad  four  yards  long,  six  inches  broad, 
and  four  layers  in  thickness;  as  much  of  this  as  may  be  necessary 
is  packed  into  the  abdomen,  and  the  end  allowed  to  protrude  from 
the  wound ;  it  is  then  definitely  known  that  but  one  piece  of  gauze 
is  within  the  abdomen.  All  of  these  pads,  as  well  as  gauze  drains, 
should,  in  order  to  prevent. the  detaching  of  loose  threads,  be  folded, 
or  folded  and  sewed,  in  such  a  way  that  the  raveled  edges  of  the 
gauze  do  not  come  in  contact  with  the  wound ;  and  all  are  sterilized 
and  preserved  like  dressings. 

Iodoform  gauze  is  prepared  by  mixing  4  ounces  each  of  iodoform, 
gljxerin,  and  alcohol,  and  5  gr.  of  bichlorid  of  mercury;  sterile 
gauze  is  soaked  in  this  mi)cture,  allowed  to  drip  till  almost  dry,  and 
then  stored  in  covered,  disinfected  glass  jars. 

Caps,  masks,  gowns,  sheets,  and  towels,  are  sterilized  with  the 
gauze.  Basins,  pitchers,  instrument  trays,  scrubbing  brushes,  and 
glass  drainage  tubes  should  be  boiled .  Articles  made  of  hard  rubber, 
such  as  pessaries,  syringe  nozzles,  etc.,  should  be  washed  with  soap  and 
water,  and  disinfected  in. a  i  to  500  bichlorid  of  mercury  solution. 
Soft  rubber,  e.g.,  drainage  tubes,  catheters,  etc.,  should  be  boiled  in 
plain  water  for  five  minutes^  and  stored  in  bichlorid  of  mercury  solu- 
tion. Varnished  catheters  may  be  sterilized  in  formalin  solution  (2 
per  cent) .  Instruments  containing  leather,  such  as  the  hypodermatic 
syringe,  are  sterilized  by  soaking  in  a  solution  of  carbolic  acid.  Hypo- 
dermatic syringes  with  glass  or  asbestos  pistons  may  be  boiled  and  are 
much  safer,  from  a  bacteriologic  standpoint,  than  the  older  variety. 
Lister's  oiled  silk,  rubber  tissue  (thin  sheets  of  gutta-percha),  rubber 
dam,  and  wax  or  paraffin  paper  are  sterilized,  after  washing,  by 
soaking  in  bichlorid  of  mercury  solution.  As  heat  shrivels  rubber 
tissue,  care  should  be  taken  to  have  the  solution  cool.  Silver  foil 
is  sterilized  by  dry  heat. 

Physiologic  or  ttormal  saU  solution  (.8  per  cent.,  or  i  dr.  of  salt 
to  the  pint  of  water),  called  physiologic  or  normal  because  it  is 
isotonic  with  the  blood  serum,  is  filtered. into  clean  glass  flasks, 
which  are  plugged  with  cotton  and  then  boiled.  Perhaps,  in  view 
of  the  recent  observations  concerning  the  harmfulness  of  the  proteid 
products  of  dead  organisms  in  old  water,  it  would  be  well  to  insist 
that  salt  solution^  at  least  when  it  is  to  be  used  hypodermically  or 
intravenously,  be  made  trom  freshly  distilled  water. 

Waler,  too,  must  be  filtered  as  well  as  boiled.  In  hospitals  the 
water-sterilizer  outfit  consists  of  t^o  reservoirs,  one  for  hot  and 

*  •  •  t 

one  for  cok)  water.    Each  has  a  filtering  attachment.    The  waUi 


64  MANUAL  OF  SURGERY 

is  boiled  for  20  minutes,  under  a  pressure  of  15  pounds  (240°?.). 
The  faucets,  when  not  in  use,  must  be  covered  with  sterile  gauze. 

The  surgeon,  the  assistants,  and  the  nurses  should  bathe 
daily,  keep  the  teeth  in  good  order,  and  not  come  in  contact  with 
contagious  diseases.  No  one  with  acute  tonsillitis,  or  an  infected 
wound  or  furuncle  on  the  hands  or  forearms,  should  take  part  in 
an  o|>eration.  The  surgeon  should  guard  his  hands  from  the  grosser 
forms  of  contamination  at  all  times;  he  should  never  open  an  abscess 
or  dress  suppurating  wounds  without  wearing  rubber  gloves,  and 
he  should  put  on  a  rubber  glove  before  making  a  rectal  or  a  vagmal 
examination.  He  should  avoid  carrying  heavy  bags,  restraining  a 
patient  who  is  being  anesthetized,  and  lifting  a  patient  from  the 
litter  to  the  operating  table,  lest  his  hands  tremble  during  the 
operation.  At  the  time  of  operation  the  surgeon,  the  assistants, 
and  the  nurses  should  wear  sterile  suits  of  duck  or  linen,  sterile  caps, 
and  sterile  masks. 

Disinfection  of  the  hands  and  forearms  is  effected  by  scrubbing 
with  soap  and  running  hot  water.  The  brush  should  have  been 
sterilized  by  boiling  just  before  use,  and  special  attention  should 
be  given  to  folds  and  creases,  and  to  the  spaces  beneath  and  around 
the  nails.  The  nails  should  be  trimmed,  the  subungual  spaces 
cleansed  with  a  nail  cleaner,  and  the  scrubbing  continued,  accord- 
ing to  different  surgeons,  for  from  five  to  fifteen  minutes.  The 
longer  period  is  preferable,  and  should  be  timed  by  the  clock.  Rings 
and  bracelets  must,  of  course,  be  removed  before  the  hands  are 
washed.     The  next  step  varies  with  the  surgeon. 

In  the  Furbringer  method,  the  hands  are  scrubbed  in  absolute 
alcohol  for  one  minute,  then  soaked  and  scrubbed  in  bichlorid  of 
mercury  solution  i  to  1000  for  at  least  one  minute,  special  attention 
being  given  to  the  nails.  Many  surgeons  now  dispense  with  the 
bichlorid  wash  and  scrub  the  hands  in  70  per  cent,  alcohol  for  five 
minutes.  Absolute  alcohol  is  less  bactericidal,  as  it  coagulates  al- 
bumin, thus  interfering  with  its  penetration.  Of  the  various  other 
antiseptics  which  have  been  proposed  for  the  hands,  most  are  too 
irritating  to  the  skin.  After  disinfecting  the  hands  a  sterile  gown 
with  sleeves  reaching  the  wrists  should  be  put  on. 

As  absolute  sterility  of  the  hands  cannot  be  secured,  most 
surgeons,  after  employing  one  of  the  methods  given  above,  use 
rubber  gloves.  Rubber  gloves  are  sterilized  by  washing  with  soap 
and  water,  and  boiling  in  a  i  per  cent,  solution  of  sodium  carbonate 
for  fifteen  minutes.  They  are  drawn  on  the  hands  while  filled  with 
sterile  water,  or  by  using  glycerin  as  a  lubricant,  or  they  may  be 
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dried,  and  slipped  on  with  ease  after  the  interior  has  been  dusted 
with  sterile  talcum.  Oil  should  not  be  used  for  lubrication,  as  it 
injures  the  rubber.  The  cuflFs  of  the  gloves  should  be  turned  down 
before  sterilization,  and  in  putting  the  gloves  on  the  surgeon  should 
seize  the  cuflF  of  the  left  glove  at  its  point  of  reflection,  pull  the 
glove  on  the  left  hand,  and  then  insert  the  fingers  of  the  left  hand 
beneath  the  reflected  cuff  of  the  right  glove  and  so  adjust  it;  the 
cuffs  are  then  turned  back  over  the  sleeves  of  the  gown;  thus 
the  bare  fingers  never  come  in  contact  with  the  outside  of  the  gloves. 
Gloves,  however,  are  not  ideal;  they  impair  sensation,  necessitate 
ver>*  firm  pressure  in  holding  a  slippery  structure  like  the  intestine, 
and  tend  to  make  an  operator  slovenly  in  the  disinfection,  of  his 
hands;  they  also  cause  perspiration,  thus  washing  from  the  deeper 
layers  of  the  skin  bacteria,  which  gain  entrance  to  the  wound  through 
punctures  and  tears  in  the  gloves,  an  accident  which  demands  a 
fresh  glove,  after  washing  the  hand  in  bichlorid  solution. 

The  Patient — For  preparation  for  anesthesia  see  section  on 
'.'Anesthesia.'*  The  dangers  common  to  all  operations  are  those 
of  anesthesia,  hemorrhage,  shock,  and  infection.  Special  dangers 
of  individual  operations  receive  mention  with  the  description  of 
the  various  operations.  Whenever  possible  the  period  of  observation 
elapsing  before  operation  should  be  sufficiently  long  to  allow  a 
complete  diagnosis  to  be  made.  The  history  is  taken,  and  a  thorough 
examination,  especially  of  the  heart,  lungs,  urine,  and  blood,  is  made. 
The  diet  should  be  free  of  vegetables  and  consist  principally  of 
albumins,  in  order  to  leave  little  residue  in  the  intestines,  which 
are  cleared  by  laxatives.  This  prevents  autointoxication,  and  in 
abdominal  work  renders  the  intestines  docile,  so  that  they  may 
be  kept  from  the  operative  field  by  gauze  packing.  Vigorous 
catharsis  is  seldom  necessary,  and  may  be  harmful,  especially  in 
the  feeble,  in  whom  it  increases  the  exhaustion.  Both  laxatives 
and  purgatives  are  contraindicated  in  menacing  perforation,  e.g., 
acute  app)endicitis.  because  they  may  occasion  the  perforation; 
in  actual  perforation,  because  they  increase  the  extravasation; 
in  peritonitis,  because  owing  to  the  active  peristalsis,  they  diffuse 
the  infection;  in  intestinal  obstruction,  because  they  cause  useless 
pain,  and  sometimes  perforation;  immediately  before  operations 
on  the  colon,  because  they  render  the  contents  of  this  viscus  fluid, 
hence  more  apt  to  leak;  and  just  before  operations  on  the  rectum, 
because  they  flood  the  area  of  operation  with  liquid  feces.  Before 
operations  on  the  mouth,  esophagus,  and  gastrointestinal  tract 
the  number  of  bacteria  in  the  alimentary  canal  may,  aside  from 
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purgation,  be  diminished  by  removing  car  ous  teeth  and  tartar, 
frequently  rinsmg  the  mouth  with  an  antiseptic  wash,  and  sterilizing 
(cooking)  all  food.  The  influence  of  intestinal  antiseptics  is  so 
slight  as  to  be  negligible.  Hexamethyleamin,  because  of  its 
antiseptic  eflect  upon  the  bile,  the  urine,  and  the  cerebrospinal 
fluid,  may  be  administered  previous  to,  as  well  as  after,  operations 
involving  the  biliary  tract,  the  urinary  apparatus,  and  the  central 
nervous  system.  The  patient  is  given  a  daily  soap  and  water 
bath,  and  should,  in  order  to  prevent  **  colds,"  wear  an  undershirt 
in  bed,  if  so  accustomed. 

The  day  before  operation  the  part  to  be  operated  upon  is  shaved, 
and  thpn,  after  disinfection  of  the  hands,  it  is  surrounded  with  sterile 
towels,  and  scrubbed  with  soap  and  water,  using  a  sterile  brush 
with  soft  bristles,  or  if  the  skin  is  tender  a  piece  of  gauze.  Special 
attention  is  given  to  folds  and  creases  in  the  skin,  and  to  such 
places  as  the  umbilicus.  It  is  important  to  scrub  not  only  the 
immediate  region  of  the  proposed  wound,  but  also  neighboring 
regions,  e.g.,  for  a  brain  operation,  not  only  the  head,  but  also  the 
neck  and  ears,  and  for  a  breast  amputation,  not  only  the  breast, 
but  also  the  neck,  axilla,  arm,  opposite  breast,  and  the  upp)er  part 
of  the  abdomen.  For  an  abdominal  operation  the  disinfection 
should  extend  around  to  the  spine,  up  to  the  breasts,  and  down  to 
the  pubes,  including  the  upper  part  of  the  thighs;  for  a  gynecological 
operation  it  is  necessary  to  disinfect  also  the  vagina.  After  scrubbing 
with  soap  and  water,  the  skin  is  rubbed  with  alcohol  (70  per  cent.), 
in  order  to  dissolve  the  sebaceous  matter  and  fat  in  the  mouths  of 
the  glands,  and  thus  clear  the  way  for  the  bichlorid  of  mercury 
solution,  I  to  1000,  with  which  the  part  is  next  scrubbed.  In 
children,  in  adults  with  sensitive  skins,  as  well  as  on  the  scalp,  a 
I  to  2000  solution  should  be  employed.  With  hard  and  filthy  skin, 
such  as  is  often  found  on  the  feet,  a  soap  poultice,  made  by  soaking 
a  thick  pad  of  gauze  in  soap  suds,  should  be  applied  for  many  hours 
before  the  disinfection.  Gauze  soaked  in  bichlorid  of  mercury 
(i  to  2000)  and  covered  with  waxed  paper,  or,  better,  a  dry  sterile 
dressing,  is  applied  to  the  disinfected  region  until  the  time  of  of)er- 
ation,  when  the  whole  procedure  is  repeated.  Some  surgeons  omit 
the  preliminary  scrubbing,  others  claim  that  the  scrubbing  at  the 
time  of  operation  is  objectionable,  in  that  it  uncovers  bacteria  in 
the  skin  by  loosening  fresh  layers  of  epidermis ;  an  increasing  number 
are  painting  the  skin  with  tincture  of  iodin  (3  per  cent.)  the  day 
before  and  again  at  the  time  of  operation.  Grossich,  the  originator 
of  the  iodin  method,  removes  the  hair  immediately  beifore  operation 


SURGICAL  TECHNIC  67 

by  dry  shax-ing,  claiming  that  water  swells  the  superficial  layers 
of  the  epidermis  and  interferes  with  penetration  of  the  iodin;  he 
then  applies,  without  preliminary  scrubbing,  the  official  tincture  of 
iodin,  which  is  allowed  to  dry  spontaneously.  Iodin  is  an  admirable 
antiseptic  which  penetrates  the  epidermis  and  fixes  the  bacteria  in 
the  skin.  Its  disadvantages  are  that  it  may  produce  irritation 
of  the  skin  of  the  patient  and  the  eyes  of  the  operator,  and  that  it 
may  cause  intraperitoneal  adhesions  after  laparotomies  in  which 
the  \'iscera  are  brought  out  on  the  abdominal  wall.  The  last 
objection  loses  its  force  if  the  skin  is  completely  covered  with  towels 
during  the  operation.  The  ear  may  be  sterilized  by  prolonged 
>\Tinging  with  a  carbolic  solution,  i  to  loo,  or  with  a  bichlorid  of 
mercury  solution,  i  to  2cxx>;  the  nose  by  spraying  with  DobelPs 
solution,  followed  by  carbolic  acid,  i  to  loo;  the  mouth  by  having 
the  teeth  put  in  order  and  tartar  removed  by  a  dentist,  and  by  the 
use  of  a  tooth  powder  and  brush  several  times  a  day,  followed  by 
rinsing  with  a  carbolic  acid  solution,  i  to  100;  and  the  bladder  by 
irrigation  with  potassium  permanganate,  i  to  scxx>,  argyrol,  i  to 
iocx>.  or  by  a  saturated  solution  of  boric  acid.  The  vagina  is  scrub- 
bed with  a  piece  of  gauze,  with  soap  and  water,  then  copiously 
douched  with  bichlorid  of  mercury  solution,  i  to  4cxx>.  The  rectum 
may  be  cleansed  of  fecal  matter  by  an  enema  of  soap  and  water, 
then  irrigated  with  salt  solution. 

A  nervous  sedative  may  be  administered  the  night  preceding 
o(>eration,  if  the  patient  is  unable  to  sleep.  No  food  should  be 
given  for  at  least  six  hours  before  operation,  in  order  that  the  stomach 
may  be  empty  and  that  vomiting  may  not  occur.  Several  hours 
before  operation  the  rectum  should  be  emptied  with  a  soap  and  water 
enema,  i  pint,  so  that  any  stimulating  or  nutritious  fluids  may  be 
absorbed  in  case  their  injection  becomes  necessary.  However,  if 
the  rectum  itself  is  to  be  subjected  to  operation,  it  should,  for  the 
reason  mentioned  above,  be  cleansed  not  less  than  24  hours  previ- 
ously. Inmiediately  before  administering  the  anesthetic  the  patient 
>hould  pass  urine  or  be  catheterized,  so  that  voiding  will  not  occur 
(in  the  table,  so  that  there  will  be  no  danger  of  injury  to  the  bladder 
in  an  abdominal  operation,  and  so  that  the  surgeon  will  know  the 
trxact  quantity  of  urine  secreted  subsequent  to  operation.  Before 
going  to  the  operating  room,  those  parts  of  the  chest,  abdomen, 
and  limbs  which  are  not  to  be  operated  upon,  should  be  covered 
with  a  sterilized  shirt,  leggings,  etc.,  to  protect  the  patient  from 
draughts. 

In  an  emergency  in  which  the  patient  is  admitted  immediately 
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before  the  operation,  the  same  precautions  regarding  the  bladder 
and  rectum  should,  as  a  rule,  be  observed,  and  the  field  of  operation 
disinfected,  after  the  patient  has  been  anesthetized,  by  dry  shaxdng 
and  the  application  of  tincture  of  iodin.  In  cases  of  intestinal 
obstruction  it  is  of  the  greatest  importance  to  wash  out  the  stomach 
pie\4ous  to  anesthetization,  to  prevent  suffocation  by  the  large 
quantities  of  fetid  fluid  which  are  regurgitated  while  the  patient  is 
unconscious. 

The  Operation. — In  all  "clean  cases,"  and  even  in  septic  cases 
in  the  cranium,  chest,  abdomen,  and  joints,  the  surgeon  perfoims 
an  aseptic  operation,  i.e.,  the  preparations  mentioned  above  are 
carried  out,  but  after  the  incision  has  been  made  no  antiseptics  are 
used,  and  the  wound  is  dressed  with  sterile,  not  antiseptic,  gauze. 
In  septic  and  emergency  operations  not  involving  the  cavities  just 
mentioned,  the  surgeon  may  perform  an  antiseptic  operation,  i.e., 
antiseptics  aie  used,  not  only  in  the  preparation  of  the  patient,  but 
also  to  disinfect  the  wound,  and  antiseptic  gauze  is  used  for 
dressings. 

The  operating  table  is  covered  with  a  blanket  wrapped  in  a 
sterile  sheet;  in  special  cases  an  electric  mattress  or  a  number  of 
hot  water  bags  are  used  to  maintain  the  heat  of  the  body.  When 
the  patient  is  placed  on  the  table,  care  should  be  taken  that  the 
arms  are  properly  disposed.  If  the  arm  is  allowed  to  hang  over  the 
edge  of  the  table,  if  the  patient  is  allowed  to  lie  on  the  arm  twisted 
under  the  back,  or  if  the  arms  are  stretched  far  above  the  head  for  a 
prolonged  period,  an  annoying  paralysis  may  result.  If  the  arms 
rest  alongside  of  the  patient,  there  is,  with  some  operating  tables, 
danger  that  they  may  be  injured  when  the  patient  is  lowered  from 
the  Trendelenburg  posture,  or  when  the  stage  for  arching  the  spine 
forwards  in  biliary  operations  is  elevated  or  lowered.  In  cases  not 
involving  the  chest  or  upper  abdomen  the  arms  may  be  folded 
across  the  chest  and  secured  by  turning  back  the  shirt.  In  ope- 
rations on  the  upper  abdomen  the  arms  should  be  elevated  not  higher 
than  a  right  angle  with  the  body  and  the  hands  secured  above  the 
head.  Never  should  the  arms  be  so  tied  that  they  may  not  be 
readily  freed  for  the  purpose  of  artificial  respiration  should  it  sud- 
denly become  necessary.  After  the  part  to  be  operated  upon  has 
been  exposed  by  a  nurse  whose  hands  are  not  disinfected,  the  sur- 
geon's assistant  places  sterile  towels  over  the  adjacent  clothing, 
and  redisinfects  the  part  by  the  process  already  given.  All  the 
clothing  of  the  patient  is  now  covered  by  fresh  sterile  sheets  or 
towels.    It  is  our  custom,  as  soon  as  the  incision  is  made,  to  fasten 
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sterile  towels  to  the  fascia  or,  in  an  abdominal  operation,  to  the 
peritoneum  with  catgut  sutures,  thus  excluding  the  skin  completely 
from  the  operative  field.  In  order  to  avoid  fatigue  of  the  eyes  and, 
especially  in  class  work,  bring  the  operative  field  into  greater  relief, 
we  employ,  following  the  advice  of  Sherman,  black,  instead  of 
white,  sheets  and  towels.  In  operations  about  the  face  or  neck  the 
hair  should  be  covered  by  a  sterile  rubber  cap  or  a  sterile  towel. 
In  operations  approaching  the  nose  and  mouth  it  is  important  also 
that  the  anesthetizer  disinfect  his  hands,  wear  a  sterile  gown,  and 
use  a  sterile  piece  of  gauze,  a  cone  wrapped  in  a  sterile  towel,  or  a 
vaporizing  apparatus,  for  the  anesthetic.  As  a  rule  one  assistant 
is  sufficient  for  almost  any  operation;  the  fewer  hands  that  come 
in  contact  with  the  wound  the  less  the  danger  of  infection.  At 
least  three  nurses  are  commonly  on  duty  during  an  operation;  one 
nurse  attends  to  the  sutures  and  ligatures,  a  second  takes  care  of 
the  sponges  and  dressings,  and  a  third,  "unsterile  nurse,"  exposes 
the  field  of  operation,  assists  the  etherizer,  gets  additional  instruments 
that  may  be  called  for,  and  does  whatever  else  may  be  necessary 
that  one  with  disinfected  hands  cannot  do.  Before  and  after 
operations  involving  the  abdomen  or  other  large  cavity,  not  only 
sponges  and  pads,  but  also  instruments  and  needles,  should  be 
carefully  counted,  to  make  sure  that  none  has  been  left  behind. 
Incisions  should  be  clean-cut  and  of  equal  depth  throughout. 
The  way  the  knife  is  held  to  make  incisions  is  illustrated  in  Figs.  12  to 
17.  Tearing  the  tissues  by  blind  and  blunt  dissection  should  be 
avoided  as  much  as  possible,  as  bruising  is  more  likely  to  be  followed 
by  ^  uppuration.  Large  blood  vessels  should  be  caught  with  hemo- 
stats,  or  ligated,  before  division;  vessels  too  small  to  be  recognized 
should  be  caught  quickly  as  soon  as  divided,  the  forceps  grasping 
not  a  large  amount  of  tissue,  but  the  bleeding  point  alone.  Under  no 
circumstances  should  the  skin  be  crushed  with  hemostatic  forceps. 
The  assistant  keeps  the  wound  free  of  blood,  not  by  scrubbing,  but 
by  quickly  mopping  with  a  gauze  sponge.  As  soon  as  an  instrument 
has  been  used  it  should  be  washed  in  sterile  water  and  replaced  in  the 
instrument  tray.  At  frequent  intervals  during  the  operation  the 
hands  should  be  washed  in  sterile  water.  When  the  towels  sur- 
rounding the  field  of  operation  become  soiled,  they  should  be  replaced 
or  covered  by  fresh  ones.  Sometimes  at  the  completion  of  the 
operation  it  is  de^rable  to  flush  the  wound  with  hot  sterile  water  or 
normal  salt  solution,  to  free  it  from  blood  clots  and  mechanically 
disinfect  it.  At  this  time  it  will  be  found  that  the  smaller  vessels 
which  have  been  clamped  do  not  bleed  after  removal  of  the  forceps. 
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Larger  vessels  should  be  ligated  with  catgut;  torsion  is  not,  as  a  r 
a  satisfactory  method  for  dealing  with  these  vessels.  If  the  bleet 
has  not  been  stopped,  clots  will  accumulate  and  infection  be  favoi 
The  deeper  layers  of  the  wound  are  brought  together  with  cat 
sutures,  the  skin  with  silkworm  gut  ("see  Wounds"). 


Drainage  is  indicated  if  there  is  still  some  bleeding,  if  thei 
infection,  if  strong  antiseptics  have  been  used,  if  toxic  secretions 
likely  to  escape  into  the  wound  {e.g.,  after  partial  thyroidectomj 
exophthalmic  goiter) ,  if  many  large  lymph  vessels  have  been  sevi 
(e.g.,  as  in  the  modern  operation  for  carcinoma  of  the  breast),  if 
desired  to  establish  an  external  fistula  (e.g.,  urinary,  biliary),  or 
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>  feared  that  sutures  put  in  a  hollow  viscus  may  not  hold.     Drainage 
nay  be  eflfected  by  rubber,  silver,  or  glass  tubes;  by  strands  of  cat- 
pit,  horsehair,  or  silkworm  gut;  or  by  strips  of  gauze  or  rubber  tissue. 
In  order  to  prevent  its  adhering  to  the  tissues,  gauze  may  be  sur- 
rounded with  rubber  tissue  (cigarette  drain),  or  impregnated  with 
glycerin,  vaselin,  or  an  antiseptic  ointment.    A  drain  that  sticks 
causes,  when  removed,  pain  and  bleeding,  and  opens  areas  through 
which  septic  absorption  may  occur.     The  writer,  particularly   in 
abdominal  cases,   frequently  employs   the  Mikulicz    drain.     This 
consists  of  a  thin  gauze  bag,  filled  with  a  separate  strip  of  gauze, 
which  may  be  removed  and  the  cavity  irrigated  without  disturbing 
the  bag.    The  bag  remains  in4>lace  until  it  is  loose.    Vaselinized 
gauze  is  then  employed  to  keep  the  tract  open.    A  drain  should, 
whenever  possible,  be  placed  in  the  most  dependent  part  of  a  wound 
or  canty.    In  women  the  peritoneal  cavity  may  often  be  drained 
through  the  vagina,  thus  permitting  closure  of  the  abdominal  wound 
as  well  as  facilitating  the  discharge.     The  objections  to  drainage  are 
that  it  delays  union,  produces  a  wider  scar,  invites  infection,  en- 
courages adhesions,  and  in  abdominal  cases  predisposes  to  hernia 
^d,  because  of  adhesions,  to  intestinal  obstruction;  intestinal  ob- 
struction is  pK)ssible  also  simply  from  the  compression  exerted  by  a 
tube  or  gauze  pack.    A  tube  may  ulcerate  into  a  large  blood  vessel 
wd  cause  secondary  hemorrhage,  or  induce  pressure  necrosis  of  the 
"itestine  and  fecal  fistula,  hence  should  rarely  be  used  in  the  vicinity 
<>f  the  major  arteries  or  veins,  or  in  the  free  abdominal  cavity. 

The  wound  is  dressed  with  sterile  gauze,  and  maintained  in  place 
^y  a  suitable  bandage.  Occasionally  in  septic  cases  it  is  desirable  to 
^  antiseptic,  instead  of  sterile,  gauze. 

After  Treatment. — The  patient  is  put  into  a  warm  bed  with  no 

P^ow,  and  the  head  turned  to  one  side,  so  that  in  case  vomiting 

^^^Ts,  there  will  be  less  danger  of  the  vomited  material  falling  into 

tJie  trachea.    In  all  cases  a  physician  or  a  nurse  should  remain  with 

^^ patient  until  the  effects  of  the  anesthetic  have  disappeared. 

^^k,  if  present,  should  be  combated  at  once.     If  there  is  non- 

<>bstructive  retention  of  urine  and  it  is  inadvisable  to  allow  the  patient 

to  get  out  of  bed  to  try  to  micturate,  heat  may  be  applied  to  the 

^^pogastrium  or  warm  water  poured  over  the  external  genitals. 

Spontaneous  turination,  according  to  Franck,  often  follows ,  within 

20  or  30  minutes,  the  injection  of  from  15  to  20  cc.  of  glycerin  into  the 

Wadder  through  the  urethra,  without  the  aid  of  a  catheter.     If  this 

** bladder  laxative,"  which  should  not  be  used  if  there  is  acute  cystitis 

^  urethritis,  fails,  a  catheter  may  be  passed  every  eight  hours.     The 
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treatment  of  retention  due  to  obstructive  lesions  is  given  in  chapt 
XXIX.  As  a  rule,  even  in  abdominal  cases,  the  patient  may  ta,k 
as  soon  as  the  post-anesthetic  nausea  has  disappeared,  small  amoun 
of  water,  and,  if  this  is  retained,  increasing  quantities  of  liquid  foo 
Continued  vomiting ,  especially  after  abdominal  operations,  is  i 
ominous  sign  (see  ** After  Effects"  of  anesthesia).  For  thirst,  wh^ 
the  stomach  must  be  kept  quiet,  an  enema  of  8  oz.  of  water  may  1 
given  every  four  or  six  hours.  In  the  few  cases  in  which  rect 
injections  actually  cause  nausea,  they  should  of  course  be  disco: 
tinned,  and  salt  solution  given  beneath  the  skin.  The  practice 
leaving  a  large  quantity  of  salt  solution  in  the  abdomen  after  ce: 
otomy  prevents  thirst  and  favor^  elimination.  Pain  should  1 
treated,  whenever  possible,  by  removing  the  cause,  e.g.,  by  loosenii 
tight  bandages,  relieving  tympanites,  opening  an  infected  woun 
Analgesics  should  not  be  administered  without  investigation  to  d 
termine  the  reason  for  the  pain.  If  the  cause  cannot  be  found  « 
removed  and  the  suffering  is  great,  the  only  remedy  of  value 
morphin,  which,  however,  must  be  used  with  great  caution.  Nurs 
should  be  warned  that  postoperative  pain  in  the  leg  may  be  due 
phlebitis,  and  that  massage,  which  might  liberate  emboli^  shou 
never  be  employed  without  the  advice  of  the  physician.  Nervou 
ness  may  be  allayed  by  the  bromides,  given  per  rectum  if  oral  at 
ministration  is  contraindicated.  Insomnia  not  due  to  pain  is  treat< 
by  hypnotics  like  trional  and  sulphonal.  Fever  after  operation 
considered  in  chapter  XII.  The  character  of  the  pulse  furnishes 
surer,  index  of  the  patient's  condition  than  the  temperature.  Esp 
cially  during  the  first  twenty-four  hours  one  should  watch  for  tl 
symptoms  of  hemorrhage  (q.v.).  Bdckache  may  be  due  to  ren 
congestion,  muscle  strain,  or  distension  of  the  colon,  hence  may  I 
relieved  by  hot  applications,  increasing  the  urinary  output,  suppo: 
to  the  back,  or  by  securing  a  movement  of  the  bowels.  If  the  bowe 
do  not  move  within  48  hours  the  patient  is  usually  given  a  laxativ 
unless  such  is  contraindicated,  e.g.,  after  an  operation  on  the  esop] 
agus  or  the  gastrointestinal  canal.  If  a  laxative  is  ineffective  < 
contraindicated,  an  enema  of  soap  and  water,  i  pint,  is  given, 
this  is  unsuccessful,  an  enema  consisting  oi  magnesium  sulphate  i  02 
glycerin  i  oz.,  turpentine  J^  oz.,  and  soap  and  water  i  pint,  may  I 
tried.  An  enema  consisting  of  alum  i  oz.,  in  a  pint  of  water,  is  als 
highly  efficient.  The  introduction  of  a  tube  into  the  rectum,  or  tl 
administration  of  asafetida  suppositories,  grains  v,  every  thrc 
hours,  will  often  be  followed  by  the  expulsion  of  gas.  Thes 
measures  are  of  special  importance  after  an  abdominal  operatioi 
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particularly  when  the  constipation  is  associated  with  tympany  and 

vomiting,  which  often  indicate  a  beginning  peritonitis  or  intestinal 

obstruction  (chapter  XXVII).  After  the  bowels  have  moved  the 

patient  begins  to  take  liquid  semi-solid /oo^f  in  small  quantities,  and  as 

convalescence  progresses  the  quanity  and  variety  are  increased,  until 

finally  the  regular  diet  is  reached.    The  dressings  are  changed  when 

they  become  displaced;  soiled  with  wound  fluid,  or  with  other  dis- 

diarges.  e.g.,  from  the  nose,  mouth,  rectum,  vagina,  or  urethra; 

when  it  is  desirable  to  remove  drainage  or  stitches;  and  when  there 

are  signs  of  suppuration.    They  should  not  be  disturbed  unless  there 

is  some  definite  indication,  as  exposure  of  the  wound  always  increases 

the  risk  of  infection.    If  a  drain  has  been  used  because  of  hemorrhage, 

it  may  be  removed  at  the  end  of  twenty-four  or  forty-eight  hours, 

and  not  replaced.     Drainage  for  infection  usually  demands  frequen^t 

dressings.    The  stitches  may  be  removed  in  a  week  or  ten  days, 

according  to  the  amount  of  support  needed.    A  stitch  abscess  usually 

makes  its  appearance  in  from  five  to  ten  days;  it  requires  tbe  removal 

of  the  stitch  and  drainage  of  the  abscess  cavity.    The  sequelae  of 

spedal  oi)erations  are  considered  with  the  various  operations. 

Opeiation  in  a  Private  House. — Excepting  in  an  emergency,  the 
prq)osed  operating  room  should  be  carefully  prepared.  It  should  be 
wcU  lighted,  and  heated  by  steam,  hot  water,  or  hot  air;  there  should 
be  no  exposed  fire  to  provide  dust,  or  to  ignite  the  ether  if  such  be 
used.  A  bath  room  with  hot  and  cold  water  should  be  near,  but 
there  should  be  no  plumbing  in  the  room  itself.  Everything  which 
is  not  necessary  for  the  operation  should  be  removed  from  the  room, 
including  curtains,  shades,  and  carpets.  Wood  work  and  painted 
walls  may  be  scrubbed  with  soap  and  water;  papered  walls  rubbed 
down  with  bread.  At  the  time  of  operation  the  temperature  of  the 
room  should  be  at  least  yc^F.  The  windows  may  be  smeared  with 
soap  to  discourage  inqirisitive  neighbors.  If  the  room  is  heated  by 
kot  air,  the  register  should  be  covered  with  a  moist  towel  in  order  to 
catch  the  dust.  In  an  emergency  carpets  and  furniture  should  be 
co\-ered  with  clean  sheets  or  linen,  and  under  no  circumstances 
should  dust  be  stirred  up.  It  is  convenient  to  have  in  the  room  the 
following  articles:  Kitchen-table,  dining-table,  bureau  or  table, 
«'ash-stand  or  table,  another  small  table,  four  wooden  chairs,  several 
clean  blankets  and  sheets,  at  least  a  dozen  clean  towels,  two  basins,  a 
Urge  pitcher  of  warm  water,  and  a  bucket  or  slop  jar.  The  kitchen- 
table  serves  for  the  operating  table.  Very  often  this  will  prove 
to  be  too  short,  and  a  smaller  table  will  have  to  be  placed  at  either 
Old  for  the  patient's  head  or  feet.    Beneath  the  table  should  be 
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spread  a  sheet  of  mackintosh  or  oilcloth,  or  a  number  of  papers,  for 
the  protection  of  the  floor,  and  alongside  of  the  table  should  be  placed 
the  bucket  or  slop  jar.  The  dining-table  may  be  used  for  instru- 
ments, sutures,  and  sponges;  the  bureau  for  extra  supplies,  splints, 
etc.;  the  wash-stand  with  the  two  basins  for  scrubbing  the  hands. 
The  etherizer  sits  on  one  chair  and  uses  a  second  for  his  hypoder- 
matic syringe  and  other  necessities;  on  the  third  chair  is  placed 
a  basin  containing  sterile  water  for  the  assistant;  the  fourth  chair  is 
used  by  the  operator  to  sit  upon  in  perineal  cases,  or  when  inverted, 
to  put  under  the  patient,  if  the  Trendelenburg  position  is  found 
necessary.  Previous  to  operation,  two  wash-boilers,  half  or  three- 
quarters  full  of  water,  should  be  provided;  in  one  is  placed  a  pitcher, 
three  basins,  and  a  sheet.  The  water  in  each  is  boiled  for  a  half  hour, 
and  that  in  the  boiler  containing  the  pitcher,  etc.,  allowed  to  cool 
without  removing  the  lid.  The  water  in  the  second  wash-boiler  is 
kept  hot.  The  water  from  a  kitchen  boiler  is  sterile,  and  may 
be  used,  providing  the  pipes  are  first  thoroughly  flushed.  The 
instruments  may  be  taken  to  the  house  in  a  copper  sterilizer,  and, 
after  boiling,  both  the  sterilizer  and  its  lid  may  be  used  as  trays  for 
the  instruments  and  sutures.  The  operating  table  is  covered  with  a 
blanket  and  a  sheet,  and  over  this  is  put  a  Kelly  pad  or  a  piece  of 
rubber  sheeting,  which  drains  into  the  bucket  or  slop  jar.  While  the 
surgeon  is  sterilizing  his  hands,  the  patient  is  anesthetized  in  an 
adjoining  room.  After  the  hands  have  been  sterilized,  a  sterile 
gown  is  put  on,  and  the  sheet  is  removed  from  the  boiler,  wrung  out, 
and  sj)rea(I  over  the  dining-table;  on  this  is  placed  the  sterilizer  and 
the  two  basins  from  the  boiler,  in  one  of  which  is  put  sterile  water, 
and  in  the  otlicr  bichlorid  of  mercurv  solution.  The  instruments, 
sutures,  sponges,  and  dressings  are  arranged  on  the  dining-table  in 
the  order  in  which  they  will  be  needed.  I'he  patient  is  carried  into 
the  room  by  the  etherizer  and  a  member  of  the  family,  so  that 
neither  the  surgeon  nor  his  assistant  will  soil  the  hands.  The  assist- 
ant sterilizes  his  hands  with  the  surgeon,  puts  on  a  sterile,  gown, 
scrubs  the  patient,  and  redisinfects  his  hands  while  the  surgeon 
applies  the  alcohol  and  bichlorid  of  mercury.  A  towel  should  be 
soaking  in  the  bichlorid  of  mercury  solution,  so  that  if,  in  an  emer- 
gency, it  is  necessary  to  handle  some  unsterilized  object,  the  towel 
may  be  used  and  the  hand  savc^l.  It  is  better  to  have  caps,  gowns, 
sheets,  towels,  and  dressings  sterilized  at  the  surgeon's  office  or 
hospital  and  sent  to  the  patient's  house,  as  boiling  ihem  at  the  house 
previous  to  operation  necessitates  the  use  of  wet  materials.  One  of 
the  great  inconveniences  in  operating  in  a  private  house  is  the  for- 
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getting  of  some  instrument  that  is  needed,  or  the  wanting  of  some 
instrument  or  appliance  to  meet  an  unexpected  condition  which  has 
arisen.     For  this  reason  it  is  a  good  plan  to  have  a  list  of  the  different 
instruments,  etc.,  which  may  be  needed  in  various  operations,  to 
check  these  off  as  they  are  packed  into  the  hand-hag,  and  to  be 
prejjared  for  any  possible  emergency.     The  following  articles  may 
be  needed  in  any  operation:  Anesthetic,  mouth-gag,  tongue-forceps, 
hypodermatic  syringe,  strychnin,  atropin,  adrenalin,  tracheotomy 
tube,  razor,  soap,  nail-brush,  lubrichondrin  or  other  sterile  lubricant, 
alcohol,  catheter,  carbolic  acid,  bichlorid  of  mercury  tablets,  glass 
syringe,  caps  (towels  or  gauze  may  be  used  for  this  purpose),  gowns 
(sterile  sheets  will  do  in  an  emergency),  gloves,  dressings,  sponges, 
bandages,  sterilized  towels  and  sheets,  adhesive  plaster,  two  scalpels, 
tissue  forceps,  hemostatic  forceps,  probe,   two  pairs  of  scissors, 
needles,  needle  holder,  aneurysm  needle,  retractors,  curette,  drainage 
lubes,  silk,  catgut,  silkworm  gut,  safety  pins,  Kelly  pad,  instrument 
sterilizer,  and  an  infusion  apparatus.     Special  instruments  that  may 
be  needed  in  various' operations  are  mentioned  in  connection  with  the 
operation  in  subsequent  pages.     The  after  care  of  a  patient  in  a 
private  house  differs  in  no  way  from  that  in  a  hospital.     It  is  essen- 
tial that,  in  an  emergency,  the  nurse  or  caretaker  have  some  means  of 
immediately  communicating  with  the  surgeon;  there  should  be  a 
telephone  in  the  house,  or  the  nurse  should  know  where  the  nearest 
one  is  situated.     The  bed  room  should  have  been  thoroughly  cleansed 
pre\Tous  to  operation,  and  the  following  articles  should  be  handy: 
Pillows,  blankets,  sheets,  mackintosh  spread,  hot  water  bottles  or 
^s,  towels,    dressings,   bandages,   bed-pan,   urinal,   feeding-cup, 
medicine  measure,  temperature  chart  and  note  book,  carbolic  acid  or 
Wchlorid  of  mercury,  ice,  enema  syringe,  catheter,  hypodermatic 
syringe,  strychnin,  atropin,  and  morphin. 


CHAPTER  V 

BANDAGES 

Bandages  are  employed  to  hold  dressings  or  splints  in  place, 
exert  pressure,  and  to  mantain  parts  in  position  after  the  corrects 
of  deformity. 

Various  kinds  of  material  may  be  employed.  Muslin  is  stroi 
and  cheap.  Flannel  is  soft  and  elastic  and  adapts  itself  uniformly 
uneven  surfaces;  it  is  used  principally  for  eye  and  abdomin 
bandages,  and  as  a  primary  roller  beneath  plaster-of-Paris.  Gauze 
light,  and  readily  adaptable  to  the  various  parts;  it  is  applied  withoi 
making  reverses,  and  is  less  liable  to  displacement  than  musli 
Rubber  is  used  when  firm  pressure  is  desired.  Plaster-of-Pan 
silicate  of  soda,  starchy  etc.,  are  used  when  absolute  immobility 
demanded. 

The  roller  bandage  has  a  body,  an  initial  and  a  terminal  extremi 
an  inner  and  outer  surface,  and  an  upper  and  lower  edge.  In  pr 
paring  a  muslin  roller  bandage  the  material  is  torn  into  strips,  tl 
selvage  removed,  and  one  end  folded  repeatedly  until  a  small  cylind 
is  formed.  This  is  held  between  the  thumb  and  index  finger  of  oi 
hand,  with  the  body  underneath,  while  the  free  extremity  pass 
between  the  thumb  and  index  finger  of  the  other  hand,  with  tl 
thumb  above.  By  pronating  and  supinating  both  hands  and  makii 
tension,  the  free  portion  of  the  bandage  is  wound  tightly  and  evenl; 
a  loosely  rolled  bandage  is  not  easily  applied.  By  the  use  of 
machine,  bandages  can  be  rolled  better  and  more  quickly.  Aft 
winding,  the  remaining  selvage  is  removed  and  the  end  folded  undi 
and  pinned. 

A  part  is  bandaged  in  the  position  in  which  it  is  to  be  retained; 

bandage  applied  to  a  limb  in  extension  will  be  too  tight  when  the  linn 

is  flexed,  one  applied  in  flexion  will  become  loose  during  extensioi 

It  should  be  applied  neatly  and  with  uniform  firmness;  if  too  tigh 

it  will  cause  pain,  perhaps  inflammation,  or  even  gangrene;  if  tc 

loose,  the  dressing  will  soon  become  displaced.     Bony  prominence 

and  tender  points  should  be  padded,  and  apposed  skin  surface 

separated  by  lint  or  cotton.    To  begin  a  bandage,  apply  the  out< 

surface  of  the  initial  extremity  to  the  part  at  its  smallest  diamete 
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and  hold  it  with  the  left  hand  until  fixed  by  a  few  turns  of  the  roller. 

The  terminal  end  is  secured  by  pinning  it  in  such  a  way  that  the  point 

will  be  concealed,  and  will  not  enter  the  tissues  when  the  part  is 

moved,  by  splitting  the  bandage  and  tying  the  two  ends  around  the 

part,  or  by  encircling  the  part  with  a  strip  of  adhesive  plaster.    A 

bandage  is  removed  by  cutting  with  blunt  pointed  scissors,  or  by 

gathering  the  folds  in  a  loose  mass  as  it  is  unwound. 

Varieties  of  Bandages. — The  circular  bandage  (Fig.  i8)  is  applied 
transversely  to  cylindric  parts.  The  oblique,  or  rapid  spiral,  is 
applied  in  ascending  turns,  between  which  there  are  uncovered  spaces. 
The  spiral  bandage  may  be  ascending  or  descending  each  successive 
turn  overlapping  a  portion  of  the  preceding  one.  The  spiral  reversed 
bandage  (Fig.  19)  is  used  on  parts  which  are  conical  in  shape.  After 
filing  the  initial  extremity,  the  body  is  carried  off  oblique  y  for  four  or 


P«i-  18.— I.  CircuUr 
ttirns.  2.  Oblique  turns. 
i-  Spiral  turns. 


Fig.  19. — Spiral  reversed     Fig.  20. — Figure  of  8  of  knee, 
of  the  forearm. 


five  inches,  the  applied  turn  held  by  the  thumb  of  the  left  hand ,  the  por- 

^n  of  bandage  between  the  hands  slackened,  the  right  hand  hold- 

• 

»ng  the  body  of  the  bandage  changed  from  extreme  supination  to 
pronation,  and  the  bandage  passed  around  the  limb  and  drawn 
^.  The  re\'erses  should  be  in  line,  and  should  not  be  made  over  bony 
prominences,  lest  they  cause  discomfort.  The  figure  of  8  bandage 
'fig.  20)  consists  of  two  loops  of  bandage  forming  a  figure  of  8,  and 

• 

^  used  to  cover  projecting  parts,  such  as  the  elbow  and  knee  in 
fienon.  When  a  number  of  turns  are  made,  each  one  higher  than  the 
preceding  one,  they  form  what  is  called  a  spica  bandage  (Fig.  48). 
The  recurrent  bandage  (Fig.  23)  is  used  for  amputation  stumps, 
^e  top  of  the  head,  or  the  end  of  a  finger.  It  is  applied  by  fixing 
the  initial  extremity  by  circular  turns,  making  reverses  over  the  end 
of  the  part  until  it  is  covered,  and  then  terminating  by  a  few  spiral 
^  spiml  reversed  turns. 
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Tailed  bandages  are  made  from  strips  of  rausUn,  which  vary  in 
length  and  width  according  to  the  part  to  be  covered.  Each  end  is 
torn  into  two  or  more  pieces  up  to  within  a  few  inches  of  the  center. 

Handkerchief  bandages  are  made  of  handkerchiefs  or  other 
pliable  material,  and  4re  especiaUy  useful  in  emergency  cases.  A 
handkerchief  folded  squarely  across  the  middle  forms  a  rectangk, 
diagonally  a  triangle,  and  when  rolled  loosely  it  forms  a  cravat. 

BANDAGES  OF  THE  HEAD 

Barttm's  Bandage  (Fig.  21}. — 6  yards  x  2  inches.  Place  the 
initial  extremity  of  the  bandage  just  beneath  the  occipital  protuber- 
ance, carry  the  roller  obhquely  upward  under  the  right  parietal 
eminence,  across  the  vertex,  downward  over  the  left  zygomatic 
arch,  under  the  chin,  upward  over  the  right  zygomatic  arch,  over  the 
top  of  the  head,  crossing  the  first  turn  in  the  median  line,  downward 


and  backward  under  the  left  parietal  eminence  to  the  starting  point, 
forward  under  the  right  ear,  around  the  front  of  the  chin,  and 
back  again  to  the  starting  point.  Three  complete  turns,  each 
exactly  covering  the  other,  are  thus  made,  and  a  pin  inserted  at  each 
crossing  point.  The  bandage  is  employed  in  fractures  and  disloca- 
tions to  fix  the  lower  jaw.  Great  care  must  be  exercised  in  the 
application  of  any  bandage  to  the  jaw  or  neck,  especially  in  uncon- 
scious patients,  as  it  may  interfere  with  respiration  or  the  escape  of 
vomited  material. 

Gibson's  Bandage  (Fig.  22).— 6  yards  x  2  inches.  Place  the 
initial  extremity  upon  the  vertex,  pass  downward  in  front  of  the 
left  ear,  under  the  chin,  and  up  in  front  of  the  right  ear  to  the  point 
of  starting.  Repeat  this  turn  twice.  On  arriving  at  the  right 
temple  for  the  third  time,  reverse  the  bandage  and  carry  it  horizon- 
tally aroiind  the  head  from  forehead  to  occiput.  On  arriving  above 
the  left  ear  for  the  third  time,  drop  the  bandage  downward  and  carry 
it  around  the  nape  of  the  neck,  under  the  right  ear,  around  the 
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front  of  the  chin,  and  back  beneath  the  left  ear  to  the  nape  of  the 
neck.  Repeat  this  turn  twice,  and  then,  after  pinning  the  bandage, 
make  a  reverse  over  the  top  of  the  head  in  the  median  line.  Insert 
a  pin  at  each  crossing  point.  This  bandage  is  used  for  the  same 
pur|x>ses  as,  but  is  less  secure  than,  the  Barton  bandage. 

Oblique  erf  the  Jaw. — 6  yards  x  2  inches.    If  the  left  jaw  is  to  be 
bandaged,  place  the  initial  extremity  above  and  in  front  of  the  right 
ear,  and  pass  around  the  forehead  from  your  left  to  right,  applying 
two  horizontal  turns  from  forehead  to  occiput;  on  arriving  above 
the  left  ear,  pass  down  obliquely  across  the  back  of  the  neck,  forward 
under  the  right  ear,  under  the  chin,  up  over  the  left  side  of  the  face 
at  the  edge  of  the  orbit,  obliquely  over  the  vertex,  down  behind  the 
right  ear,  under  the  chin,  and  up  over  the  affected  side,  where  each 
turn  overlai>s  the  preceding  one  from  the  orbit  to  the  ear.     Behind 
the  right  ear  the  turns  overlie  each  other.     On  arriving  above  the 
right  ear  with  the  last  turn,  the  bandage  is  reversed  and  terminated 
as  it  was  begun  by  encircling  the  head  from  fore- 
head to  occiput.     If  the  right  jaw  is  to  be  bandaged, 
,     substitute  right  for  left,  and  left  for  right,  in  the 
above  description.     This  bandage  is  used  for  the 
retention  of  dressings  to  the  parotid  region  and 
'     angle  of  the  jaw. 

Recurrent  erf  the  Head  (Fig.  23). — 6  yards  x  2 
indies.    Beginning  at  the  right  temple  two  horizon- 
tal turns  are  applied;  from  the  center  of  the  fore-    Recurrent  of  head, 
liead,  where  the  bandage  is  pinned  or  held  by  an 
assistant,  it  is  reversed  over  the  head  in  the  median  line  to  the  occi- 
put, where  it  is  held,  and  brought  back  to  the  forehead  covering 
one-half  of  the  median  turn.     It  is  then  carried  back  and  forth 
from  the  center  of  the  forehead  to  that  of  the  occiput,  alternately 
on  each  side  of  the  median  line,  each  turn  covering  two-thirds  of 
the  preceding  turn.     The  bandage  is  completed  by  two  horizontal 
^urns.    It  may  be  made  more  secure  by  a  turn  passing  under  the 
^hin,  or  by  a  cap  with  bands  fastened  under  the  chin.     Instead 
of  longitudinaUy,  the  recurrent  turns  may  be  applied  transversely. 
Crossed    Bandages  at  One  Eye. — 5    yards  x  2    inches.    To 
bandage  the  left  eye  begin  at  the  left  temple,  and  fix  by  two  horizon- 
W  turns  from  forehead  to  occiput,  from  the  patient's  left  to  right. 
On  arriving  for  the  second  time  above  the  right  ear,  pass  down 
under  the  ocdput,  tinder  the  left  ear,  up  obliquely  over  the  left 
dieek,  over  the  left  eye,  and  up  over  the  side  of  the  head.    A  second 
or  perhaps  a  third  turn  is  applied,  over  lapping  the  preceding  one  one- 
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half  from  below  upwards  on  the  cheek  and  from  above  downwa 
on  the  head.  These  oblique  turns  may  be  alternated  with  horizoi 
ocdpito-frontal  turns,  by  which  the  bandage  is  terminated.  I 
more  comfortable  to  the  patient  to  have  the  ear  on  the  affected  s 
covered  with  cotton  and  included  in  the  bandage.  To  bandage 
right  eye  begin  at  the  same  point,  and  carry  the  bandage  from 
operator's  left  to  right. 


PfC.  36. — Oblique  1 
dage  of  head,  to  be  c 
pleted  by  a  circular  tl 

The  crossed  bandage  of  botti  eyes  (Fig.  24)  is  practically 
figure  of  8  bandage  with  circular  turns  around  the  head. 

Borsch's  eye  bandage  is  shown  in  Fig,  25. 

The  occipital  frontal  bandage  consists  of  figure  of  8  turns  appi 
to  the  head  longitudinally. 

The  oblique  bandage  of  die  head  (Fig.  26)  consists  of  figure  o 
turns  applied  transversely. 


The  head  and  neck  bandage  also.is  a  figure  of  8  bandage.  *: 
bandage  is  fixed  by  turns  aiound  the  head  above  the  ears,  then  can 
across  the  back  of  the  neck,  around  the  throat,  and  back  to 
starting  point. 

The  knotted  bandage  of  the  ten^le,  used  for  hemorrhage 
shown  in  Fig.  27,  a  double  roller  being  employed. 

The fourtailed  bandage  isshownin  Fig.  28.  It  may  beappliet 
the  forehead  by  tying  the  ends  under  the  chin  and  behind  the  head 
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e  occiput  by  tying  the  ends  around  the  forehead  and  under  the  chin; 
to  the  chin  by  tying  the  ends  over  the  vertex  and  behind  the  neck. 
The  occipito-frontal  triangle  is  a  handkerchief  bandage  which  is 
>plied  by  placing  the  base  of  the  triangle  on  the  nape  of  the  neck 
ringing  the  apex  forward  over  the  forehead.  The  ends  of  the  base  are 
notted  over  the  apex,  which  is  turned  up  over  the  knot  and  pinned. 
In  the  vertico-mental  triangle  the  base  of  the  triangle  is  placed  on 
he  top  of  the  head  with  the  apex  backward;  the  two  ends  of  the 
)ase  are  knotted  under  the  chin  and  the  apex  pinned  at  one  side  of 
ht  head. 

The  cravat  may  be  used  for  various  parts  of  the  head  when 
applied  in  the  form  of  a  figure  of  8. 


Fic.  29. — Square  cap  of  head. 


7  --'\w. 

Pig.  30. — Square  cap  of  head. 


The  square  ciq>  of  the  head  is  illustrated  in  Figs.  29  and  30.    The 

l^dkerchief  is  folded  in  the  form  of  a  rectangle,  with  one  of  the  free 
^ges  projecting  an  inch  or  more  beyond  the  other.  The  outer 
corners  are  tied  under  the  chain;  the  inner  corners  are  drawn  out, 
carried  backwards,  and  knotted  behind  the  head. 

BANDAGES  OF  THE  UPPER  EXTREB^TY 


The  spiral  erf  the  finger  (Fig.  31) — 1)2  yards  x  i  inch — is 
^lied  by  placing  the  initial  extremity  lengthwise  on  the  finger, 
^Baking  one  or  two  reverse  turns  over  the  end  of  the  finger,  then 
reversing  and  covering  the  finger  by  ascending  spiral  turns. 

The  Spica  erf  the  Thumb. — 3  yards  x  i  inch.  Fix  the  initial 
extremity  by  two  circular  turns  around  the  wrist,  and  carry  the 
handage  to  the  tip  of  the  thiunb,  which  is  encircled  once.  Figure  of 
8  turns  around  the  thumb  and  wrist,  each  one  overlapping  the  pre- 
rious  one  and  alternating  with  a  circular  turn  around  the  wrist, 
ire  now  applied  until  the  thumb  is  covered.  The  bandage  is  termi- 
>ited  by  a  circular  turn  around  the  wrist. 
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Gauntlet  Bandage  (Fig.  32).— 3  yards  x  i  inch.  Fix  the  initial 
extremity  around  the  wrist,  and  pass  across  the  pabn  to  the  base  of 
the  thumb  if  bandaging  the  left  hand;  pass  by  an  oblique  turn  to  the 
tip  of  the  thumb,  which  is  encircled  leaving  the  tip  uncovered;  cover 
the  thumb  by  ascending  spiral  or  spiral  reversed  turns,  then  pass 
across  the  dorsum  of  the  hand  to  the  ulnar  side  of  the  wrist  and  en- 
circle once.  The  index  finger  is  bandaged  next,  and  so  the  other 
lingers,  the  bandage  being  terminated  by  a  turn  around  the  wrist. 

Demigauntlet  Bandage  (Fig.  33).— Fix  the  initial  extremity 
around  the  wrist.  If  bandaging  the  dorsum  of  the  left  hand,  pass  to 
the  base  of  the  little  finger,  encircle  it,  then  pass  to  the  radial  side  of 
the  wrist  and  encircle  it.  The  bandage  is  then  carried  to  the  base 
of  the  ring  finger,  and  in  turn  to  all  the  others,  alternating  a  turn 
around  the  finger  with  one  around  the  wrist. 


Spiral  Reversed  of  the  Upper  Extremity  (Fig.  ig). — 7  yards  s  2'-i 
inches.  Fix  the  initial  extremity  by  circular  turns  around  the  wrist. 
Pass  obliquely  across  the  <iorsum  of  the  hand  to  the  tips  of  the  fingers 
antl  make  a  circular  turn..  Tho  fingers  are  covered  by  spiral  reversed 
turns,  the  back  of  the  hand  and  wrist  by  figure  of  8  turns,  the  forearm 
and  humerus  by  spiral  reversed  turns,  and  the  bandage  terminated 
as  a  spica  of  the  shoulder.  If  the  elbow  is  to  be  dressed  in  flexion, 
figure  of  8  turns  are  used  in  this  region,  A  bandage  may  be  applied 
also  to  the  upper  extremity  in  a  series  of  figure  of  8  turns.  This  is 
more  secure  than  the  spiral  reversed. 

Spica  of  the  Shoulder  fFig.  34).-  -8  yards  x  2^  inches.  Fix 
the  initial  extremity  by  circular  turns  around  the  humerus  on  a 
level  with  the  axillary  fold.  If  bandaging  the  right  shoulder,  carry 
the  bandage  across  the  front  of  the  chest,  through  the  left  axilla, 
and  across  the  back  to  the  arm.  Encircle  the  arm  and  chest  al- 
ternately, making  each  successive  turn  ascend  higher  than  the  pre- 
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vious  one,  by  exposing  one-half  or  two-thirds  its  width,  until  the 
shoulder  is  completely  covered.  A  descending  spica  is  applied  by 
lidng  the  bandage  as  described,  and  placing  the  first  turn  high  up 
over  the  shoulder  and  overlapping  from  above  downwards. 


Pjc.  37. — Oblique  trusgle  of  arm  Pic.  3B. — Triangle  for  suspending 

and  eheit.Becfind  method.   (Eimarch       arm  from  injured  side.     (Bsmarch 
and  KowaUiK.)  and  Kownlzig.) 

The  figure  of  8  of  the  neck  and  axilla  is  applied  by  encircling  the 
neck,  then  passing  under  the  axilla,  and  ascending  to  the  starting 
point,  the  turns  intersectihg  over  the  shoulder. 

A  few  ol  the  handketcbief  bandages  and  slings  for  the  upper  ex- 
iremity  are  shown  in  Figs.  35  to  38. 
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BANDAGES  OF  THE  TRTTNK 


The  q>iral  bandage  of  the  chest  consists  of  overlapping  spiral 
turns,  ascending  from  the  waist  to  the  level  of  the  axillx.  The  final 
spiral  turn  is  pinned  at  the  spine  and  the  bandage  carried  over  one 
shoulder  to  the  middle  of  the  sternum  where  it  is  again  pinned.  It 
is  then  brought  back  a.cross  the  opposite  shoulder  to  the  spine,  thus 
acting  like  suspenders. 

The  figure  <tf  8  of  the  shoulders— 6  yards  x  2}^  inches— may  be 
applied  anteriorly  (Fig.  39)  or  posteriorly. 

Suspenscoy  Bandage  of  the  Breast  (Fig.  40). — 7  yards  x  sj-^ 
inches.  Place  the  initial  extremity  on  the  scapula  of  the  affected 
side,  and  pass  over  the  opposite  shoulder,  down  obliquely  under  the 
affected  breast,  and  beneath  the  axilla  to  the  starting  point.  Con- 
tinue around  the  chest  under  the  sound  breast,  and  across  the  lower 
portion  of  the  affected  one.     These  turns  are  alternately  continued, 


«ach  one  overlapping  from  below  upwards,  until  the  breast  is  covered. 
To  dress  both  breasts  apply  an  oblique  turn  to  one  side,  then  a  circular 
turn,  then  an  oblique  turn  to  the  opposite  side. 

Velpeau's  Bandage  for  Fractured  Clavicle  (Fig.  41). — 7  yards  x 
2'  2  inches.  First  place  the  arm  in  the  Velpeau  position,  the  hand 
of  the  injured  side  on  the  opposite  shoulder.  From  the  axilla  of  the 
sound  side  pass  across  the  back,  over  the  outer  part  of  the  injured 
shoulder,  down  across  the  middleof  the  arm,  behind  the  elbow,  across 
the  chest,  and  through  the  axilla  of  the  sound  side  to  the  point  of 
starting.  Next  apply  a  horizontal  turn  on  a  level  with  the  affected 
elbow.  Repeat  these  turns  until  the  elbow  is  covered  with  the  verti- 
cal, and  the  wrist  with  the  horizontal  turns.  The  vertical  turns 
should  overlap  two-thirds  of  each  preceding  turn,  and  the  horizontal 
ones,  one-third.     Secure  the  bandage  by  strips  of  adhesive  piaster. 

Desault's  Bandage  for  Fractured  Clavicle  (Fig.  42). — ^Three 
bandages,  7  yards  x  3}i  inches,  and  a  wedge-shaped  pad.  The  pad  is 
placed  in  the  axilla  of  the  injured  side,  base  up.    The  arm  is  allowed 
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to  hang  by  the  side,  and  the  forearm  is  flexed  at  a  right  angle.  The 
first  bandage  is  used  to  hold  the  pad  in  place.  Beginning  at  the  base 
o(  the  pad,  descending  spiral  turns,  encircling  the  chest,  are  applied 
down  to  its  apex  near  the  elbow,  and  then  ascending  spiral  turns 
back  to  its  base.  To  hold  the  pad  up  in  the  axilla,  the  first  bandage 
may  be  terminated  with  a  figure  of  8  turn  of  the  opposite  shoulder. 
The  second  bandage  binds  the  arm  to  the  side.  Beginning  at  the 
axilla  of  the  sound  side,  on  a  level  with  the  base  of  the  pad,  descending 
spiral  turns  are  applied,  with  increasing  firmness,  down  to  the  elbow 
so  as  to  carry  the  shoulder  outwards.  The  third  bandage  is  applied 
in  the  form  of  an  anterior  and  a  posterior  triangle,  the  apex  of  each 
being  formed  by  the  axilla  of  the  sound  side,  and  the  base  by  the 
humerus  of  the  injured  side.  Begin  the  bandage  at  the  axilla  of  the 
sound  side  posteriorly,  pass  over  the  affected  shoulder,  down  in  front 
of  and  parallel  with  the  humerus,  under  the  elbow,  and  across  the 


back  to  the  starting  point.  The  anterior  triangle  is  applied  in  the 
^ame  way,  by  continuing  the  bandage  through  the  axilla,  across  the 
chest,  over  the  shoulder  of  the  injured  side,  down  behind  the  humerus, 
under  the  elbow,  and  back  across  the  front  of  the  chest  to  the  starting 
point.  The  formula  of  both  triangles  is,  from  axilla,  to  shoulder,  to 
elbow,  and  back  to  axilla.  These  turns  are  repeated  two  or  three 
times,  each  succeeding  turn  covering  in  two-thirds  of  the  preceding 
one.  The  third  bandage  caries  the  injured  shoulder  upwards  and 
backwards. 

The  double  T  bandi^  oi  the  chest  consists  of  a  broad  band  which 
encircles  the  chest,  and  to  which  are  attached  two  narrow  bands,  one 
passing  over  each  shoulder. 

The  double  T  bandage  of  the  abdomen  is  similar  to  the  above. 
The  vertical  strips  are  attached  to  the  lower  edge,  and  are  passed 
htHn  behind  forward  between  the  thighs  and  pinned  in  front,  to 
prevent  the  binder  from  sU{^ing  up  on  the  abdomen. 
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The  many  tailed  or  Scultetus  t>andage  of  the  abdomen  (Fig.  43) 
consists  of  a  piece  of  flannel  long  enough  to  reach  one  and  a  half 
times  aroimd  the  body  and  wide  enough  to  reach  from  the  costal 
border  to  the  pubic  bone.  Each  end  is  torn,  for  one-third  the  length 
of  the  bandage,  into  several  tails.  The  untorn  pK>rtion  is  placed 
behind,  and  the  tails  are  overlapped  alternately  in  front,  from 
above  downwards,  and  secured  by  safety  pins. 

The  T  bandage  of  the  perineum  consists  of  a  strip  of  muslin 
about  2  3^^  inches  wide,  and  long  enough  to  fasten  around  the  ab- 
domen. To  the  center  of  this  is  attached  a  strip  about  five  inches 
wide  and  about  two  feet  long,  which  passes  between  the  thighs  and 
is  fastened  in  front,  either  by  pinning  it  to  the  horizontal  band,  or  by 


Fig.  44. — Triangle  for  suspending  breast.     (Davis.) 

tearing  it  into  two  bands  (in  the  male)  and  knotting  each  to  the 
horizontal  band. 

The  handkerchief  bandage  for  suspending  the  breast  is  illus- 
trated in  Fig.  44. 

BANDAGES  OF  THE  LOWER  EXTREMITY 

Foot  Bandage  Covering  the  Heel  (American). — 6  yards  x  2 
inches.  Fix  the  initial  extremity  at  the  ankle  by  two  circular  turns, 
pass  obliquely  across  the  dorsum  of  the  foot  to  the  base  of  the  toes, 
and  apply  a  complete  circular  turn.  Ascend  over  the  dorsum  by  several 
spiral  reversed  turns  until  opposite  the  heel,  around  which  the  band- 
age is  carried  by  a  circular  turn;  next  pass  above  the  heel,  beneath 
the  arch  of  the  foot,  then  up  over  the  instep  (Fig.  45).  Similar 
turns  are  applied  to  cover  the  other  side  of  the  heel,  and  the  bandage 
terminated  by  encircling  the  ankle. 

The  foot  bandage  not  covering  the  heel  (French)  is  the  same^  as 
the  above,  except  that  the  ankle  is  covered  by  figure  of  8  turns  and 
the  heel  remains  exposed. 

72re  spka  bandage  of  tiie  foot  is  exp\amed\>y  YV^.  ^(). 
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The  spiral  reversed  <A  the  lower  ertremi^  is  similar  to  that  of  the 
upper  extremity. 

The  figure  of  8  of  die  leg  is  shown  in  Fig.  47. 

^lica  Bandage  trf  One  Groin  (Fig.  48).— 7  yards  x  2' 2  inches. 
Fix  the  initial  extremity  at  the  upper  portion  of  the  right  thigh  near 


the  perineum,  by  two  circular  turns;  pass  obliquely  across  the  front 
of  the  pelvis,  just  above  the  pubes,  to  the  top  of  the  left  thigh,  across 
the  back,  obliquely  down  across  the  first  turn  at  the  junction  of  the 
thigh  with  the  scrotum,  and  then  around  the  thigh.  These  turns 
an-  repeated,   overlapping  from  below  upwards  (ascending  spica). 


Flc  47. — Figure  ot  8  of  leg. 


The  bandage  may  be  applied  also  by  encircling  the  pelvis  higher  up 
and  overlapping  from  above  downwards  {descending  spied). 

^■ca  of  Both  Gn^ns. — 12  yards  x  2^  inches.  Fix  the  initial 
extremity  as  in  the  single  spica,  and  pass  obliquely  across  the  front 
'A  the  pelvis  to  the  opposite  side  01  the  abdomen,  across  the  back,  and 
obliguely  downward  to  the  outer  side  of  the  left  thigh.     Apply  a 
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circular  turn  to  the  left  thigh,  and  from  the  inner  side  of  the  ih 
pass  obliquely  upward  and  outward  over  the  same  hip;  then  ap 
a  circular  turn  around  the  waist,  pass  across  the  back  again,  i 


down  in  front  of  the  right  thigh;  carry  the  bandage  around  the  thi 
and  from  the  outer  side  of  the  thigh  repeat  the  turns,  overlapp 
from  below  upwards,  and  terminating  by  a  circular  turn  around 


Pic.  51.— Malleolo-phaUr 

Real  triangle.      {Esmarch  an 
KowaUig,) 


Pic.  s  I  .—Handkerchief 
bandaices  of  lower  extremity. 
(Davis.) 


abdomen  or  thigh.    A  spica  bandage  may  be  applied  to  the  ou 
aspect  of  the  thigh  or  to  the  buttock  in  the  same  way. 

Figures  49  to  53  demonstrate  the  use  of  the  handkeitliief  baz 
ages  at  tbo  lower  eztremify. 
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Fixed  dressings  are  largely  used  to  immobilize  parts  after  frac- 
tures, osteotomy,  and  tenotomy,  and  in  the  treatment  of  inflamma- 
tory affections  of  joints  and  deformities.  Among  the  materials 
vhich  have  been  used  for  this  purpose  are  glue,  gum  arabic,  paiafHn, 
and  tripolith,  but  those  most  commonly  employed  are  plaster-of- 
Paris,  silicate  of  soda,  and  starch. 

PUster-<rf-Paris  is  the  best  material  for  a  fixed  dressing.  Coarse 
cotton  or  crinolin  bandages  are  rolled  by  hand  or  machine,  the 
meshes  being  filled  with  dry  plaster.  Owing  to  the  hydroscopic 
powers  of  the  plaster-of-ParJs,  the  bandages  should  be  kept  in  air 
tight  receptacles,  or  baked  before  use  in  order  to  drive  off  the  mois- 
ture. Bony  prominences  are  first  padded  and  a  flannel  bandage 
applied.  The  plaster-of-Paris  bandages  are  submerged  in  water 
until  the  bubbles  of  air  cease  to  escape,  and,  after  squeezing  out  the 
excess  of  water,  applied  evenly  to  the  limb  until  the  desired  thickness 
is  obtained,  making  as  few  reverses  as  possible.     The  appearance  of 


he.  54. — Slirrup  plaster-of-Paris  dtesdng  for  knee.     (E; 


tie  cast  is  improved  by  coating  it  with  plaster-of-Paris  cream,  which 
15  prepared  by  mixing  equal  quantities  of  plaster-of-Paris  and  water. 
The  cast  may  be  strengthened  by  incorporating  in  it  strips  of  wood, 
"leul.  cardboard,  etc.,  and  it  may  be  coated  with  a  layer  of  silicate 
'if  soda  or  varnish,  to  render  it  impervious  to  water.  The  finest 
Rfade  oi  plaster  hardens  in  fifteen  minutes,  the  coarser  grades  in  a 
longer  time.  The  hardening  process  may  be  hastened  by  using  hot 
*^ter,  or  by  adding  salt  (one  ounce  to  the  quart  of  water),  alum,  or 
fflnent;  it  may  be  delayed  by  using  cold  water,  ir  by  adding  starch, 
?lue.  dextrine,  or  milk.  When  nearly  dry  the  cast  should  be  cut 
^ih  a  sharp  knife;  in  order  to  protect  the  patient,  a  nairow  strip  of 
ihect  lead  or  similar  material  may  be  placed  over  the  flannel  bandage 
before  the  plaster  is  applied.  The  hardened  plaster  may  be  cut 
*ith  a  knife,  saw,  or  shears,  after  the  line  of  division  has  been 
"wistened  with  hydrochloric  acid,  vinegar,  hydrogen  peroxide,  or  salt 
**ter-  When  there  is  a  wound  which  will  require  dressing,  it  should 
It  surrounded  by  a  strip  of  lead  or  other  material  which  will  form  a 


90  MANUAL  OF  SURGERY 

projection  through  the  plaster  dressing  and  indicate  the  f)ortion  to  be 
cut  away,  or  the  area  may  be  left  uncovered  when  the  plaster  is 
applied.  Another  method,  particularly  useful  after  resection  of 
joints,  is  to  apply  the  cast  in  two  sections,  which  are  connected  by 
metal  or  wooden  arches  (Fig.  54),  the  ends  of  which  are  horizontal  to 
permit  of  their  incorporation  in  the  plaster-of-Paris.  Plaster-of -Paris 
splints  may  be  made  by  spreading  plaster-of-Paris  cream  between 
layers  of  linen,  which  are  molded  to  the  parts  and  allowed  to  harden. 

Silicate  of  soda  can  be  bought  as  a  solution,  which  is  sometimes 
called  liquid  glass.  It  may  be  applied  in  the  same  way  as  plaster,  or 
a  few  layers  of  gauze  bandage  may  be  applied  and  painted  with  the 
solution,  this  process  being  continued  until  the  desired  thickness  is 
obtained.  The  silicate  cast  is  light  and  strong,  but  has  the  disadvan- 
tage of  drying  very  slowly  (twenty-four  hours);  the  process  may  be 
hastened  by  adding  pulverized  chalk  or  cement. 

The  starch  bandage  is  used  when  a  very  firm  splint  is  not  required. 
The  bandage  is  soaked  in  a  solution  of  starch,  made  with  boiling 
water,  and  applied  like  the  plaster  bandage.  It  also  requires  twenty- 
four  hours  or  more  to  harden. 


CHAPTER  VI 
INFLAMMATION 

Inflammation  consists  of  (i)  changes  in  the  blood  vessels,  (2)  the 
passage  of  fluids  and  solids  from  the  blood  vessels,  and  (3)  changes  in 
the  perivasciilar  tissues. 

The  predisposing  causes  of  inflammation  are  those  already  listed 
under  "Susceptibility,"  Chapter  III.  The  exciting  causes  are  injury 
and  infection.  Injury  may  be  mechanical,  such  as  blows  and 
wounds;  chemical,  such  as  strong  acids  or  alkalies,  stings  of  insects, 
and  bites  of  animals;  or  thermal,  either  heat  or  cold;  all  of  which 
kill  the  tissue  cells,  the  resulting  products  of  the  dead  cells  acting 
as  irritants.  Infection  is  by  far  the  most  common  cause,  and  the 
most  important  factor  even  in  traumatic  inflammation.  Bacteria 
induce  inflammation  by  their  toxins,  which  act  directly,  and  also 
indirectly,  like  trauma,  by  killing  the  cells,  which  set  free  irritating 
products. 

1.  The  changes  in  the  blood  vessels  consist  of  a  momentary 
contraction,  followed  by  active  hyperemia,  i.e.,  a  dilatation  of  the 
blood  vessels  with  a  marked  acceleration  in  the  velocity  of  the  blood 
stream.  After  a  time  retardation  of  the  blood  current  occurs,  and 
the  stream  becomes  slower  and  slower  {passive  hyperemia),  until  in 
^me  cases  it  no  longer  progresses,  but  sways  backward  and  forward 
^oscillation) ;  finally  all  motion  may  cease  (stasis),  and  the  blood  may 
<^oagulate  (thrombosis)  or  rupture  the  vessel  wall  (rhexis).  While 
these  changes  are  taking  place,  the  leukocytes  separate  from  the  axial 
stream  and  mass  themselves  along  the  walls  of  the  blood  vessels 
^^^r^ination),  while  the  red  corpuscles  run  together,  forming  rows,  or 
rouleaux.  The  blood  plaques  are  increased  in  number  and  tend 
to  associate  with  the  leukocytes  along  the  sides  of  the  stream. 

2.  The  passage  of  fluids  and  solids  from  the  vessels,  or  exudation, 
h^gins  as  soon  as  the  blood  vessels  have  dilated.  The  exuded 
'Material  includes  liquor  sanguinis  or  plasma,  red  cells,  leukocytes, 
^nd  blood  plaques.  Normally  the  liquor  sanguinis  leaves  the  interior 
of  the  blood  vessels  to  nourish  the  tissue  cells,  and  the  excess  is 
absorbed  by  the  lymphatics,  but  in  inflammation  the  amount  is  much 
Pcater  than  that  which  can  be  removed  by  the  lymph  vessels.    The 
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process  is  probably  not  a  simple  filtration,  but  may  be  likened  to 
secretion,  in  that  the  endothejiial  cells  play  an  active  part.  This  fluid 
dilutes  the  toxins,  contains  bactericidal  and  antitoxic  seia,  and  in 
chronic  inflammation  increases  the  nourishment  of  the  tissues.  The 
leukocytes,  particularly  the  polymorphonuclears,  migrate  from  the 
vessels  by  insinuating  a  little  process  between  the  endothelial  cells, 
which  have  been  weakened,  stretched,  and  probably  separated  as 
the  result  of  the  vascular  dilatation;  this  process,  or  pseudopodium, 
gradually  works  its  way  through  the  vessel  wall  until  it  reaches  the 
exterior,  when  the  body  of  the  leukocyte  flows  into  the  pseudopod 
and  is  then  in  the  perivascular  tissues.  Although  the  leukocytes 
migrate  to  some  extent  from  the  capillaries  and  arterioles,  the 
process  is  most  active  in  the  venules;  migration  begins  with  the  onset 
of  hyperemia,  and  continues  as  long  as  the  blood  is  in  motion.  There 
is  a  vast  increase  in  the  number  of  leukocytes,  not  only  in  the  in- 
flammatory area,  but  also  in  the  general  blood  stream  (leukocytosis). 
The  red  cells  and  blood  plaques,  being  incapable  of  ameboid  move- 
ments, are  passively  carried  through  the  vessel  walls  with  the  plasma 
(diapedesis) . 

3.  Changes  in  the  Perivascular  Tissues. — As  the  result  of  the 
breaking  up  of  some  of  the  leukocytes,  which  sets  free  fibrin  ferment, 
the  plasma  coagulates,  forming  inflammatory  lymph;  the  serum  which 
forms  infiltrates  the  tissues,  giving  rise  to  edema.  The  leukocytes 
destroy  bacteria,  devour  particles  of  dead  tissue,  and  pass  back  into 
the  circulation  through  the  lymphatics;  if  suppuration  ensues  they 
form  pus  cells.  The  red  blood  cells  and  the  blood  plaques  are  dis- 
integrated, and  reabsorbed  by  the  lymphatics,  or  are  devoured  by  the 
leukocytes  and  fibroblasts.  The  connective  tissue  cells  proliferate, 
and  the  resulting  cells  are  known  as  fibroblasts.  It  is  believed  that 
the  leukocytes  neither  multiply,  nor  enter  into  the  formation  of  new 
tissue.  The  mass  formed  by  the  fibroblasts  is  called  embryonic  or 
indiferent  tissue,  because  it  repairs  any  of  the  various  tissues  in  which 
it  may  be  found. 

In  inflammation  of  non-vascular  tissue,  e.g.,  the  cornea  and 
cartilage,  the  surrounding  blood  vessels  dilate,  and  exude  their 
contents  into  the  lymph  or  intercellular  spaces  of  the  tissues,  where 
the  exudate  undergoes  the  changes  already  described. 

The  pathology  of  chronic  inflammation  is  practically  the  same  as 
that  of  the  acute  form,  except  that  the  phenomena  are  less  active  and 
much  longer  in  duration.  The  chief  difference  is  seen  in  the  be- 
havior of  the  perivascular  tissues,  which  in  chronic  inflammation 
become  thickened  and  hardened  as  the  result  of  the  proliferation  of 


INFLAMMATION  93 

the  fixed  connective  tissue  cells;  later,  particularly  in  syphilitic  and 
tuberculous  subjects,  marked  degenerative  changes  may  take  place 
in  this  tissue. 

Tnflainniation  extends  in  the  same  manner  as  other  infections 
(Chap.  III). 

Inflammation  tenninates  in  recovery  or  in  death  of  the  tissues. 
Recovery  takes  place  suddenly  (delitescence) ;  gradually,  the  exudate 
being  absorbed  by  the  lymphatics  {resoluiion) ;  or  with  new  growth, 
e.g.,  in  the  formation  of  adhesions,  the  embryonic  tissue  becoming 
vascularized,  or  organized,  and  the  fibroblasts  forming  fibrous  tissue. 
Death  occurs  as  suppuration,  ulceratidn,  or  gangrene,  after  which  the 
destroyed  tissue  may  be  replaced  by  scar  tissue  (repair). 

The  varieties  of  inflammation  are:  Acute,  which  is  sudden  in 
onset  and  runs  a  severe  course;  subacute,  which  is  more  tardy  and  less 
severe  than  the  acute;  chronic,  which  is  of  a  low  grade  and  lasts  for  a 
long  time;  sthenic,  a  robust  inflammation  in  a  robust  individual; 
asthenic,  or  adynamic,  a  low  grade  inflammation  in  an  old  or  a  de- 
bilitated individual;  parenchymatous,  in  which  the  parenchyma  or 
seaeting  cells  of  an  organ  are  affected;  interstitial,  involving  the 
connective  tissue  of  an  organ;  traumatic,  due  to  an  injury;  idiopathic, 
in  which  the  cause  cannot  be  found;  simple,  due  to  non-bacterial 
irritation;  infective,  due  to  bacteria;  serous,   characterized  by  a 
profuse  exudation  of  serum;  plastic,  adhesive,  or  fibrinous,  in  which 
the  exudate  causes  adjacent  organs  to  adhere;  purulent,  phlegmonous, 
or  5upf>uraiive,  characterized  by  the  formation  of  pus;  hemorrhagic, 
in  which  the  exudate  contains  considerable  blood ;  catarrhal,  affecting 
niucous  membranes  and  causing  an  increased  flow  of  mucus;  croupous, 
^  pseudomembranous,  characterized  by  the  formation  of  a  false 
niembrane  consisting  of  fibrin  and  cells;  diphtheritic,  in  which  the 
false  membrane  is  formed  from  the  tissues  rather  than  from  the 
<^xudate;  gangrenous,  resulting  in  gangrene;  and  sympathetic,  reflex, 
^  metastatic .  when  the  process  appears  in  a  distant  tissue,  as  in- 
semination of  the  breast,  ovary,  or  testicle  following  mumps. 

The  symptoms  of  acute  inflammation  are  local  and  constitutional. 
WTien  the  symptoms  are  slight  or  absent,  e.g.,  in  some  instances  of 
inflammation  of  Peyer's  patches  in  enteric  fever,  the  condition  is 
failed  latent. 

The  local  S]^mptoms  are  pain,  heat,  redness,  swelling,  and  dis- 
ordered function  {dolor,  calor,  rubor,  tumor,  functio  Icesa). 

Pain  is  due  to  pressure  upon  the  nerve  terminals  by  the  dilated 
^^csseb  and  the  exudate,  or  to  irritation  the  result  of  bacterial  toxins 
or  chemical  changes  in  the  part.    It  is  increased  by  pressure  with  the 
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hand  (tenderness) y  and  by  raising  the  blood  pressure,  e.g.,  by  placing 
the  inflamed  part  in  a  dependent  position;  in  organs,  such  as  the  eye, 
testicle,  and  bone,  which  are  covered  by  dense  fascia  or  fibrous 
tissue,  and  in  which  swelling  cannot  easily  occur,  the  pain  is  much 
more  severe.  In  viscera  covered  by  serous  membrane  the  pain  is 
dull  until  the  serous  membrane  is  reached,  when  it  becomes  severe 
and  lancinating.  Inflammatory  pain  is  slow  in  onset,  remains  in 
one  situation,  persists,  and  is  accompanied  by  other  signs  of 
inflammation. 

Heat  is  due  to  the  large  amount  of  blood  brought  to  the  inflamed 
area,  and  in  inflammations  on  the  surface  is  easily  appreciated  by  the 
hand.  The  temperature  as  shown  by  a  surface  thermometer,  how- 
ever, is  never  greater  than  that  of  the  blood  in  the  internal  organs 
hence  as  a  symptom  local  heat  is  of  value  in  superficial  inflammation 
only. 

Redness  is  due  to  the  increased  amount  of  blood.  In  the  earlv 
stages  it  is  bright,  and  returns  with  great  rapidity  after  the  relief  of 
pressure,  showing  an  active  circulation;  as  the  velocity  of  the  blood 
stream  decreases,  it  becomes  more  dusky,  and  returns  more  slowly 
after  the  removal  of  pressure.  During  the  stage  of  stagnation  it  may 
be  impossible  to  remove  the  color  by  pressure.  In  avascular  tissue 
the  redness  is  seen  at  the  edges  of  the  part.  In  inflammation  of  the 
iris  it  is  absent  owing  to  the  amount  of  pigment  in  that  structure.  In 
non-vascular  tissues  and  in  serous  membranes  the  inflamed  part  may 
be  white;  when  a  number  of  red  corpuscles  have  been  forced  into  the 
tissues,  there  may  be  yellowish  discoloration. 

Swelling  is  due  partly  to  the  dilatation  of  the  vessels,  but  princi- 
pally to  exudation  and  cell  proliferation.  It  varies  with  the  severity 
of  the  inflammation  and  the  structure  of  the  part,  and  as  a  rule  is  in 
inverse  proportion  to  the  severity  of  the  pain;  in  regions  covered  by 
dense  fascia  it  is  more  marked  in  adjacent  parts,  as  is  illustrated  by 
the  puffiness  of  the  back  of  the  hand  in  palmar  abscess.  The  swelling 
pits  on  pressure  (edema)  and  is  at  first  soft,  becoming  harder  with 
coagulation  of  the  exudate  and  cellular  j^rolifcration;  late  softening 
indicates  suppuration. 

Disordered  fund  ion  is  due  to  pain,  swelling,  or  to  chemical  changes 
in  the  cells.  It  may  be  expressed  as  increased  action  (frequent 
micturition  in  cystitis),  decreased  action  (small  amount  of  urine  in 
nephritis),  absence  of  action  (intestinal  paresis  in  peritonitis)  or 
perverted  action  (delirium  in  encephalitis).  Sometimes,  notably  in 
nervous  structures,  the  action  is  at  first  increased  owing  to  irritation, 
and  then,  owing  to  the  pressure  of  the  exudate,  decreased  or  abol- 
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ed.  Muscular  rigidity,  which  is  often  an  important  sign  in  sur- 
al inflammations,  is  due  to  altered  function  the  result  of  pain. 

Under  "Pain,"  "Local  Temperature,"  "Color,"  "Edema,"  and 
kbsent  Motion,"  Chap.  I,  will  be  found  additional  remarks  on 
Kse  symptoms. 

The  constitutional  S]mq)toms  vary  with  the  cause,  severity,  and 
tent  of  the  inflammation,  and  the  part  involved.  In  the  milder 
-ins  they  are  slight  or  absent.  In  simple  inflammations  they  are 
e  to  the  absorption  of  fibrin  ferment  liberated  by  the  degenerating 
ikocytes,  hence  identical  with  those  of  aseptic  fever  (q.v.);  in 
icterial  inflammations  to  the  absorption  of  toxins,  or  toxins  and 
LCteria,  hence  identical  with  those  of  sepsis  (q.v.). 

The  treatment  of  inflammation  is  local  and  constitutional. 

Local  treatment  consists  in  (A)  reducing  the  hyperemia  and 
8)  promoting  the  absorption  of  the  exudate. 

A.  Reduction  of  hyperemia  may  be  effected  by  (i)  removing 
he  cause,  (2)  rest,  (3)  elevation,  (4)  local  blood  letting,  and  (5) 
:oU. 

1.  Any  causative  irritation  should  be  removed,  e.g.,  a  foreign 
body  in  the  conjunctiva  producing  conjunctivitis,  a  stone  in  the 
bladder  causing  cystitis.  Micro-organisms  are  removed  by  proper 
indsions  and  disinfection.  In  some  cases,  e.g.,  appendicitis,  the 
inflamed  part  is  excised. 

2.  Rest  should,  as  far  as  possible,  be  both  physical  and  physio- 
logical. It  diminishes  the  amount  of  blood  taken  to  the  part, 
prevents  the  irritation  of  motion,  and  hinders  diffusion  of  the  infec- 
tion. Physical  rest  is  obtained  in  arthritis  by  means  of  splints,  in 
pleuritis  by  strapping  the  chest;  physiological  rest,  in  inflammations 
<rftheeye  by  dark  glasses,  in  nephritis  by  purgatives  and  diaphoretics, 
in  inflammation  of  the  brain  by  sedatives.  In  severe  inflamma- 
tions rest  in  bed  is  of  value,  in  that  it  lessens  the  number  of  heart 
beats,  and  thus  decreases  the  quantity  of  blood  pumped  into  the 
inflammatory  area.  Rest  may  be  secured  also  by  relaxation,  e.g., 
extension  in  coxalgia,  semi-flexion  of  the  knee  in  inflammation  of 
that  joint. 

3.  Elevation  reduces  hyperemia,  lessens  pain,  and  limits  exuda- 
tion. It  is  particularly  applicable  in  inflammations  of  the  extremi- 
ties, but  may  be  used  also  in  other  regions,  e.g.,  raising  the  head 
on  a  pillow,  supporting  the  breast  by  a  bandage,  elevating  the  testicle 
^th  a  suspensory  bandage. 

4-  Local  blood  lettklg  may  be  carried  out  by  punctures,  scarifica- 
tim,  indsion,  leeching,  and  cupping.    Aseptic  punctures  relieve  ten- 
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sion  by  allowing  blood  and  exudate  to  escape,  and  are  useful  in  parts 
which  are  greatly  swollen  and  in  which  incisions  are  not  indicated. 
Scarification,  or  the  making  of  small  superficial  incisions,  is  used  for 
the  same  purpose.  Free  incisions y  entering  deeply  into  the  inflam- 
matory mass,  are  indicated  when  suppuration  is  threatened,  when 
pus  is  actually  present,  and  when  the  tension  is  so  great  that  gan- 
grene is  feared.  Leeches  should  never  be  used,  because  there  are 
cleaner  and  better  ways  for  removing  blood  and  exudate.  Cupping 
is  used  to  draw  blood  up  under  the  skin  (dry  cupping),  or  actually  to 
remove  it  from  the  tissues  (wet  cupping).  Dry  cupping  may  be 
accomplished  by  greasing  the  edge  of  a  glass,  and  igniting  a  small 
piece  of  blotting  paper,  soaked  with  alcohol,  which  has  been  placed  in 
the  bottom  of  the  glass.  As  soon  as  the  flame  disappears,  the  edge 
of  the  glass  is  pushed  against  the  skin;  the  tissues  are  sucked  up  as  the 
air  in  the  glass  cools  and  contracts.  There  are  special  instruments 
made  for  this  purpose,  in  which  a  vacuum  is  created  by  means  of  a 
rubber  bulb.  The  bulb  is  emptied  of  air  and  the  glass  applied  to  the 
skin;  when  the  hand  is  removed  from  the  bulb,  the  tissues  are  pulled 
up  into  the  glass.  Wet  cupping  is  performed  in  the  same  manner  as 
dry  cupping,  except  that  the  skin  is  previously  scarified  or  punc- 
tured, so  that  a  certain  amount  of  blood  is  drawn  from  the  tissues. 
The  '"artificial  leech''  is  a  syringe-like  instrument  which  draws  blood 
from  a  part  after  previous  scarification.  Because  of  its  hygroscopic 
powers,  glycerin  may  be  used  for  depletion.  Cataplasma  kaolini, 
which  is  composed  of  kaolin,  glycerin,  boric  acid,  thymol,  methyl 
salicylate,  and  oil  of  peppermint,  is  used  as  a  local  application  for  its 
depletive  effect. 

5.  Cold  contracts  the  vessels,  acts  as  an  anesthetic,  and  is  indi- 
cated in  the  early  stages  of  inflammation.  After  the  occurrence  of  ex- 
udation it  hinders  the  evolution  of  the  process  and  prevents  absorption. 
It  should  be  applied  continuously,  not  intermittently.  Intense  cold 
applied  for  a  long  time  may  result  in  sloughing,  hence  should  be  used 
with  great  caution  at  the  extremes  of  life  and  in  the  debilitated. 
Wet  cold  is  not  as  easily  managed  as  dry  cold  and  is  more  depressing 
to  the  tissues,  but  is  verv  useful  at  the  onset  of  sthenic  inflammations. 
Over  the  part  may  be  suspended  a  reservoir  filled  with  cold  water, 
from  which  a  strip  of  gauze  acting  as  a  wick  descends  to  the  inflamed 
part.  If  there  is  a  breach  in  the  skin,  the  solution  should  be  sterile  or 
antiseptic.  A  Kelly  pad  or  a  piece  of  mackintosh  should  be  placed 
beneath  the  part,  to  direct  the  fluid  into  a  receptacle  beside  the  bed. 
Cold  compresses  are  frequently  employed  in  inflammations  of  the 
eye.     Two  or  three  small  pads  of  gauze  are  put  on  a  cake  of  ice;  as 
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soon  as  the  pad  which  has  been  placed  on  the  eye  becomes  warm,  it  is 
replaced  by  a  fresh  one,  and  the  old  one  is  placed  on  the  ice.  Cold 
may  be  generated  also  by  evaporating  lotions,  such  as  lead- water  and 
laudanum  ( i  oz.  each  of  liquor  plumbi  subacetatis  dilutus  and  tinc- 
tura  opii  to  i  pint  of  water) ,  equal  parts  of  alcohol  and  water,  and  a 
solution  of  ammonium  chlorid  in  water  (i  to  2  drams  to  a  pint); 
these  solutions  may  be  applied  by  means  of  cloths  laid  on  the  part, 
or  by  means  of  a  reservoir  and  wick  as  described  above.  Dressings 
containing  an  evaporating  lotion  should  never  be  covered  with  wax 
paper,  because  evaporation  is  thus  prevented.  Dry  cold  may  be 
applied  by  means  of  tin  cans,  bottles,  bladders,  etc.,  filled  with 
ice  water,  or  by  the  rubber  ice  cap,  all  of  which  should  be  protected 
by  a  covering  of  flannel.  An  inflamed  part  may  be  covered  or 
enveloped  with  a  coil  of  rubber  tubing  through  which  ice  water  is 
constantly  moving  by  syphonage.  The  same  principle  is  utilized  in 
Leiter's  tubes,  which  consist  of  a  coil  of  narrow  leaden  pipes  made  to 
fit  various  regions  of  the  body. 

Bier's  treatment  directly  antagonizes  the  principles  set  forth 
above.  Bier  believes  the  increased  number  of  leukocytes  and  the 
increased  amount  of  bacteriolytic  blood  serum  to  be  helpful  rather 
than  harmful,  and  therefore  seeks  to  produce  a  '* passive  hyperemia'* 
by  constriction  above  the  inflamed  area,  or  by  a  suction  apparatus 
(which  acts  like  a  cup)  in  regions  in  which  constriction  is  inapplicable. 
The  vacuum  apparatus  also  draws  pus  and  sloughs  from  an  inflamed 
wound.  It  is  applied  for  3  minutes,  then  removed  for  s  minutes, 
this  procedure  being  repeated  for  three-fourths  of  an  hour  each 
day.  In  the  extremities  a  rubber  bandage  is  placed  above  the 
aflfected  part  and  drawn  tight  enough  to  retard  the  venous  return, 
without  interfering  with  the  arterial  circulation.  If  white  edema, 
coldness,  or  anesthesia  result,  the  constriction  is  too  tight.  The 
bandage  remains  in  a  place  a  number  of  hours  each  day,  sometimes 
as  long  as  twenty-two,  and  should  markedly  lessen  pain.  In  the 
presence  of  suppuration  a  small  incision  is  made  and  the  wound  is  not 
(backed  with  gauze.  The  pus  is  at  first  increased  in  amount  and  then 
rapidly  disappears.  The  method  appears  to  be  of  some  value  in  mild 
and  well  localized  infections,  but  distinctly  harmful  in  virulent  and 
spreading  inflammations,  diabetes,  and  atheroma.  It  is  suited  only 
for  cases  which  are  under  constant  surveillance,  and  it  requires  some 
skill  and  judgment  for  its  proper  application. 

B.  Absoiptioii  is  promoted  by  (i)  compression,  (2)  massage, 
(3)  astringents  and  sorbefacients,  (4)  heat,  (5)  douches,  and  (6) 

coimtcrirritation. 

7 
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(i)  Compressioo,  judiciously  applied  and  carefully  watched, 
may  be  used  in  the  first  stage  of  inflammation  to  limit  the  swelling 
and  give  the  paralyzed  vessels  a  chance  to  recover  themselves. 
Firm  compression  before  swelling  has  fully  developed  increases  pain 
and  may  result  in  gangrene.  At  a  later  period  it  hastens  absorption 
and  is  a  measure  of  great  value.  In  acute  cases  compression  should 
be  elastic,  the  part  being  thickly  covered  with  loose  gauze  or,  better, 
cotton,  and  bandaged  from  the  end  of  the  extremity  to  above  the 
point  of  inflammation.  In  the  terminal  stage  of  acute  inflammation 
and  in  subacute  and  chronic  inflammation,  firm  compression  with  a 
thin  rubber  bandage,  adhesive  plaster  strapping,  tampons,  or  a  shot 
bag  are  frequently  employed. 

(2)  Massage  finds  its  chief  value  in  the  treatment  of  subacute  or 
chronic  inflammation  about  joints.  Effleurage  consists  in  rubbing 
the  limb  with  the  hand,  emphasis  being  placed  upon  the  upstroke  so 
as  to  encourage  the  flow  of  blood  and  lymph  from  the  part.  Petris- 
sage, or  kneading,  and  tapotemeni,  or  tapping,  also  quicken  the  circu- 
lation and  hasten  absorption.  Care  should  be  exercised  in  advising 
compression  and  massage  in  the  treatment  of  phlebitis  or  other 
inflammations  in  which  there  is  danger  of  dislodging  a  clot,  and 
also  in  individuals  with  atheromatous  arteries  or  tuberculous  foci. 

(3)  Astringents  are  largely  used  in  inflammations  of  mucous 
membranes.  Silver  nitrate,  pure  or  in  a  strong  solution,  coagulates 
the  superficial  albumen,  and  forms  a  protective  shield  for  the  parts 
beneath.  Weaker  solutions  of  the  silver  salts  are  frequently  employed 
as  astringent  antiseptics  in  the  treatment  of  inflammation  of 
the  urinary  tract.  The  efficiency  of  lead-water  and  laudanum  de- 
pends partly  upon  the  astringent  effect  of  the  lead-water.  Tincture 
of  iodin  should  never  be  placed  on  acutely  inflamed  tissues,  because 
of  its  irritating  qualities,  but  it  is  often  employed  as  a  counterirritant 
in  deep-seated  inflammations.  Its  absorptive  powers  when  applied 
locally  are  probably  slight  although  it  is  often  used  as  a  sorbefacient 
in  the  form  of  an  ointment.  Ichthyol  may  be  used  in  the  form 
of  an  ointment  as  strong  as  50  per  cent.,  remembering,  however,  that 
it  occasionally  produces  irritation  of  the  skin;  or  it  may  be  sprayed  or 
painted  upon  a  part,  in  the  strength  of  i  dram  to  the  ounce  of  water. 
Mercurial  ointment  is  often  employed  in  chronic  inflanmiation. 
If  used  for  a  long  time,  it  should  be  diluted  one-half  or  one-fourth,  as 
the  pure  ointment  may  vesicate  the  skin  or  salivate  the  patient. 
Belladonna  ointment  is  another  valuable  sorbefacient,  especially 
when  combined  with  equal  parts  of  ichthyol,  mercurial  ointment,  and 
vaselin  or  lanolin. 
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(4)  Heat  is  rarely  used  in  the  first  stage  of  inflammation,  because 
the  amount  necessary  to  contract  the  vessek  is  too  great  for  comfort; 
that  which  is  comfortable  to  the  patient  relaxes  the  tissues,  lessens 
tension,  relieves  pain,  assists  absorption,  and  in  the  presence  of 
bacteria  hastens  suppuration.  In  inflammations  below  the  surface 
it  acts  as  a  counterirritant  by  diverting  blood  from  the  affected  part. 
It  b  applied  as  fomentations,  poultices,  baths,  or  as  dry  heat.  The 
fomentation,  or  siupe^  is  a  piece  of  flannel,  spongiopiline,  or  similar 
material,  soaked  in  a  hot  liquid,  which  may  be  water,  lead-water 
and  laudanum,  tur|>entine  and  water,  etc.,  or  an  antiseptic  solution 
{antiseptic  fomentation).  The  flannel  is  wrung  out  until  almost  dry, 
then  applied  to  the  part  and  covered  with  some  insulating  material, 
such  as  wax  paf>er  or  oiled  silk,  which  will  retain  the  heat;  over  this 
may  be  placed  a  hot  water  bag,  which  is  refilled  as  often  as  may  be 
necessary.  In  a  turi>entine  stupe  from  i  to  20  drops  of  turpentine  are 
sprinkled  upon  the  flannel.  A  poultice,  or  cataplasm,  may  be  made  of 
arrow  root,  bread,  bran,  potatoes,  hops,  starch,  slippery  elm,  turnips, 
and  many  other  such  materials,  but  flaxseed  is  the  substance  usually 
employed.  Charcoal  poultices  are  sometimes  used  for  deodorizing 
foul  ulcers.  The  selected  material  is  made  into  a  thick  paste  with 
hot  water  (yeast,  lead-water  and  laudanum,  or  an  antiseptic  solu- 
tion), spread  upon  muslin,  lint,  or  linen,  to  the  thickness  of  a  fourth 
or  half  inch,  and  covered  with  gauze,  or  coated  with  olive  oil,  so  that 
it  will  not  stick  to  the  skin;  oiled  silk  or  wax  papei  is  placed  over  the 
poultice  to  prevent  evaporation  and  loss  of  heat.  The  poultice 
should  be  changed  about  every  two  hours.  Poultices  should  never 
be  employed  where  there  is  an  open  wound;  if  heat  and  moistuie  are 
desired  in  such  cases,  as  for  the  separation  of  a  slough,  the  antiseptic 
fomentation  should  be  used.  A  general  warm  bath  is  sometimes  used 
in  extensive  bums,  partial  baths  in  badly  infected  wounds.  The 
sitz  baih,  or  hip-bath,  is  of  value  in  pelvic  and  abdominal  inflamma- 
tions. Dry  heat  may  be  obtained  by  heating  sand  bags,  salt  bags, 
cloths,  or  bricks;  by  bottles,  cans,  bladders,  or  rubber  bags  filled  with 
hot  water;  and  by  means  of  rubber  or  leaden  tubing,  as  described 
under  cold.  The  hot  air  apparatus  is  chiefly  employed  in  chronic 
inflammatory  affections  of  joints.  The  limb  is  wrapped  in  lint  and 
placed  in  the  apparatus,  the  temperature  of  which  may  be  raised  as 
high  as  3oo®F.  The  part  may  be  baked  for  one  hour  several  times  a 
wedt.  Radiant  heat,  generated  by  a  number  of  electric  bulb-lights, 
and  diathermy  also  are  employed  for  the  same  purposes  as  the  baking 

I  machine. 
S-  The  douche  is  a  stream  of  water  used  for  flushing,  for  conveying 
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heat,  cold,  or  medicaments,  or  for  the  mechanical  effect  produced  by 
the  stream  directed  against  the  tissues.  Hot  vaginal  douches  are  of 
great  value  in  peKac  inflammations,  and  douches  are  useful  also  in 
other  cavities  of  the  body.  The  ^^ Scotch  doucke^^  is  of  service  in  low- 
grade  chronic  inflammation;  it  consists  in  alternately  pouring  hot 
and  cold  water  upon  a  part.  The  heat  relaxes  and  the  cold  contracts 
the  vessels,  which  are  strengthened  by  this  form  of  exercise. 

6.  Coimterirritation  is  the  process  whereby  a  structure  is  affected 
reflexly  by  means  of  an  irritant  at  a  distant  point.  It  relieves  pain, 
promotes  absorption,  and  is  used  principally  in  chronic  inflammation. 
Irritants,  such  as  silver  nitrate,  tincture  of  iodin,  and  copper  sulphate, 
are  sometimes  applied  to  stimulate  a  sluggish  area  of  inflammation 
into  activity.  Blisters  (epispastics)  are  produced  by  confining  chloro- 
form beneath  oiled  silk  or  a  watch  glass,  by  croton  oil,  by  ammonia 
mixed  with  an  equal  part  of  some  ointment  base,  and  by  cantharidal 
collodion  or  cantharidal  plaster  (fly  blister).  A  blistering  plaster 
is  moistened  with  sweet  oil,  and  applied  after  the  skin  has  been  shaved 
and  washed  with  soap  and  water.  A  blister  usually  forms  in  from 
five  to  six  hours,  in  tender  skins  in  a  much  shorter  period;  it  should 
be  punctured  with  an  aseptic  needle  and  dressed  with  a  bland  oint- 
ment. Frictions  with  stimulating  liniments  do  good  by  their  counterir- 
ritation  and  massage.  RuhefacientSy  e.g.,  mustard,  spice,  or  capsicum 
plaster,  and  turpentine  stupes,  produce  redness  of  the  skin.  Mus- 
tard plasters  come  already  prepared,  it  being  necessary  simply  to 
dip  them  in  warm  water  before  application.  A  mustard  plaster 
may  be  made  by  mixing  equal  parts  of  mustard  and  flour,  wath  a 
little  vinegar  or  water,  the  paste  being  spread  upon  a  cloth  and 
covered  with  gauze.  The  addition  of  the  white  of  an  egg  prevents 
vesication.  When  a  more  severe  form  of  counterirritation  is  required, 
the  hot-iron  {actual  cautery),  or  escharotics  {potential  cautery),  such 
as  antimonial  ointment,  caustic  potash,  or  arsenical  paste,  may  be 
applied.  The  cautery-iron  is  heated  in  a  fire,  and  in  an  emergency 
may  be  improvised  from  a  telegraph  wire,  a  curling-iron,  or  a  poker. 
Much  more  convenient  is  the  electric  cautery,  or  in  the  absence  of 
this,  the  Paquelin  thermocautery  (Fig.  55).  After  heating  the  plati- 
num point  (a)  over  an  alcohol  lamp,  benzine  vapor  is  blown  from 
the  bottle  into  the  point  by  the  rubber  bulb  (b),  care  being  taken  to 
keep  the  heated  point  higher  than  the  bottle  lest  an  explosion  occur. 
The  more  rapidly  the  bulb  is  squeezed,  the  hotter  will  be  the  tip. 
For  counterirritation  the  cautery  should  be  red  hot  and  allowed  to 
touch  the  skin  lightly;  it  should  not  be  used  over  a  bony  prominence, 
a  large  nerve,  or  a  blood  vessel. 
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Constitutkmal  treatment  may  not  be  needed  in  trivial  inflamma- 
tions; in  the  severer  forms  of  the  acute  variety  the  treatment  is  that 
of  sepsis  (q.v.).  Excepting  the  urinary  antiseptics  drugs  are  seldom 
given  by  mouth  to  influence  directly  the  activity  of  bacteria.  The 
internal  remedies  for  hastening  absorption  are  mercury  and  the  iodids, 
especially  in  chronic  inflammation.  The  same  rule  holds  good  in 
the  general,  as  in  the  local,  treatment  of  inflammation,  to  find  the 
cause  and  try  to  remedy  it.  Many  cases  of  chronic  inflammation  are 
tuberculous,  syphilitic,  gouty,  or  rheumatic,  and  poor  results  in  the 
local  treatment  of  acute  inflammation  may  be  due  to  some  general 
disorder,  such  as  Bright's  disease  or  diabetes.  These  constitutional 
affections  should,  of  course,  receive  appropriate  treatment.  Tonics, 
such  as  iron,  quinin,  and  strychnin  will  be  found  of  value  in  most 
forms  of  inflammation,  both  acute  and  chronic.     In  certain  inflamma- 
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lions  of  bacterial  origin  vaccins  or  serotherapy  may  be  tried.  The 
serum  treatment  of  specific  diseases  is  referred  to  on  subsequent 
pages. 


I 


Destroyed  tissue  is  usually  replaced  by  fibrous  tissue  {repair), 
and  not  by  the  highly  specialized  cells  characteristic  of  the  tissue 
(regeneration).  Repair  takes  place  most  rapidly  in  healthy  vascular 
tissues  which  have  been  carefully  brought  together,  kept  aseptic, 
and  put  at  rest.  Repair  is  hindered  by  infection,  strong  antiseptics, 
motion,  lack  of  blood  supply,  separation  of  the  tissues,  e.g..  as  the 
result  of  gaping,  inversion  of  epithelial  surfaces,  or  the  interposition 
of  foreign  bodies,  and  by  many  constitutional  diseases,  prominent 
UQtmg  which  are  syphihs,  tuberculosis,  nephritis,  diabetes,  and 
ardnomatous  cachexia. 
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The  first  of  the  phenomena  of  repair  are  identical  with  those  of 
inflammation,  except  in  intensity,  hence  the  absence  of  clinical  signs. 
Inflammation  is  a  pathological  process  that  may  or  may  not  end  in 
repair,  which  is  a  physiological  process.     There  is  a  slight  dilatation 
of  the  vessels,  exudation  of  liquor  sanguinis,  and  the  escape  of  many 
leukocytes  and  a  few  red  cells  and  blood  plaques.     The  leukocytes 
devour  and  remove  devitalized  cells  and .  blood  clot.     The  fixed 
connective-tissue  cells  and  the  endothelial  cells  proliferate  by  the 
indirect  method  (mitosis  or  karyokinesis).    These  new  cells  are  called 
fibroblasts^  or  indifferent  cells,  and  form  a  mass  called  indifferent 
or  embryonic  tissue.    The  leukocytes  wander  back  into  the  circulation 
or  are  devoured  by  the  fibroblasts.     From  the  walls  of  the  capillaries 
little  buds  of  protoplasm  shoot  out,  which  unite  with  similar  proc- 
esses from  other  vessels  and  become  canalized,  i.e.,  form  new  capil- 
laries; thus  vascularization,  or  organization,  of  the  mass  is  bought 
about,  and  the  new  tissue  is  spoken  of  as  granulation  tissue.    In 
regeneration  the  parenchyma  cells,  or  specialized  cells,  of  a  tissue  or 
organ  also  proliferate.     The  fibroblasts  elongate  and  develop  fibrillae, 
which  interlace  and  form  fibrous  tissue  (cicatricial  or  scar  tissue). 
Fibrous  tissue  is  at  first  red,  but  later  contracts,  compresses  the 
newly-formed  capillaries,  and  thus  in  the  course  of  time  becomes 
dense,  hard,  and  white.     In  wounds  of  the  skin  or  mucous  membrane 
the  gap  at  the  surface  is  covered  with  epidermis,  which  grows,  not 
from  the  granulation  tissue,  but  from  the  epithelium  at  the  margins 
of  the  wound. 

When  an  incised  wound  heals  without  suppuration,  the  process  is 
called  healing  by  first  intention,  or  primary  union.  The  bleeding  is 
checked  by  small  clots  in  the  mouths  of  the  vessels,  and  the  wound 
margins  arc  glued  together  by  the  fibrin  of  the  extra vasated  blood. 
The  small  amount  of  devitalized  tissue  and  blood  clot  is  soon  ab- 
sorbed, and  healing  progresses  as  described  above.  Healing  by 
second  intentio7i,  or  by  granulation,  occurs  when  the  lips  of  a  wound 
are  separated  as  the  result  of  infection  or  the  loss  of  a  large  amount  of 
tissue.  In  the  former  instance  the  dead  tissue  is  eliminated  by 
sloughing  or  suppuration.  Many  of  the  fibroblasts  are  separated 
from  their  fellows  by  the  peptogenic  action  of  the  toxins  on  the 
intercellular  substance,  and  discharged  irom  the  wound  as  pus  cells. 
The  mass  of  cells  which  remains  becomes  vascularized,  forming 
granulation  Jtissue.  Each  granulation  is  made  of  a  series  of  capillary 
loops  surrounded  by  and  nourishing  fibroblasts.  Healthy  granula- 
tions are  bright  red,  smooth,  and  firm.  The  fibroblasts  multiply, 
new  capillaries  are  formed,  and  finally  the  cavity  is  filled.    As  the 
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granulations  grow  upward  the  fibroblasts  at  the  bottom  of  the  cavity 
become  fibrous  tissue,  which  contracts  and  lessens  the  size  of  the 
healing  area.  In  the  meantime  the  epithelium  of  the  edges  of  the 
wound  has  been  creeping  inward  by  a  proliferation  of  its  cells  {epi- 
dermization) .  If  granulations  grow  above  the  level  of  the  skin  {exu- 
berant granulations,  or  proud  flesh),  epithelial  proliferation  is  checked 
until  the  granulations  are  removed.  These  granulations  are  usually 
large,  pale,  flaboy,  and  edematous.  When  two  clean  granulating 
surfaces  unite  after  being  brought  together,  healing  by  third  intention 
is  said  to  occur.  Healing  by  organization  of  a  blood  clot  is  seen 
where  a  cavity  is  filled  with  an  aseptic  blood  clot.  The  process 
differs  in  no  respects  from  that  which  has  already  been  described. 
The  clot  acts  as  a  scaffolding  lor  the  granulations  and  is  gradually 
absorbed. 

In  the  re|>air  of  non-vascular  tissue  leukocytes  and  serum  come 
from  adjacent  tbsues.  In  the  cornea  the  wound  is  at  first  glued 
together  by  fibrin,  which  is  later  replaced  by  proliferated  corneal 
cells.  In  a  very  trivial  injury  the  resulting  tissue  may  be  transpar- 
ent; in  a  severe  injury  fibrous  tissue  forms  and  an  opaque  scar  results. 
After  an  incised  wound  of  cartilage  much  the  same  process  takes 
place,  but  the  chondral  cells  mal^e  little  effort  at  regeneration,  and 
the  resulting  cicatrix  is  always  fibrous  tissue.  After  fracture  of 
cartilage,  however,  a  sort  of  callus  is  thrown  out,  which  may  become 
cartilaginous  or  even  bony. 

Skin  and  mucous  membrane  are  repaired  by  fibrous  tissue  covered 
by  epithelium;  the  deeper  layers  of  the  skin,  the  hair  follicles,  and  the 
sebaceous  and  sweat  glands  are  not  regenerated.  Wounds  involving 
the  cuticle  alone  are  not  followed  by  permanent  scars;  those  which 
pass  into  or  through  the  deep  skin  leave  a  permanent  scar. 

Blood  vessels,  after  division  or  ligation,  are  closed  by  clot,  which 
is  finally  replaced  by  fibrous  tissue.  After  aseptic  ligation  it  is 
claimed  that  healing  may  occur  without  the  formation  of  a  thrombus 
Cchap.  xv).  Repair  of  tendon  and  muscle  takes  place  by  fibrous 
tissue,  but  striped  (voluntary)  muscular  fiber  may  regenerate 
after  trivial  wounds.  Bone  is  repaired  by  bone  (chap.  xix).  Nerves 
may  regenerate  (chap.  xvii).  Regeneration  of  the  brain  is  possible 
but  ver>'  rare  (chap,  xxi,  xxii).  Lymphatic  tissue  and  glandular 
organs  may  regenerate,  but  in  the  latter,  destroyed  parenchyma 
is  usually  replaced  by  scar  tissue.  In  general  it  may  be  stated 
that  nature  usually  replaces  all  losses  with  one  material,  viz., 
6brous  tissue,  hence  the  nearer  a  structure  is  histologically  to  con- 
nective tissue  the  more  apt  it  is  to  regenerate,  since  with  connective 
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tissue,  repair  and  regeneration  are  synonymous.  Thus,  skin  fal, 
fascia,  tendons,  blood  vessels,  peritoneum,  cartilage,  and  bone  are 
(if ten  reproduced,  while  highly  developed  cells  like  those  of  the  paren- 
chymatous organs  and  the  central  nervous  system  are  seldom 
regenerated. 

A  normal  scar,  or  cicatrix,  is  at  lirst  smooth,  hard,  and  owing  to 
its  vascularity,  red  in  color.  Later,  in  obedience  to  the  contraction 
of  the  fibrous  tissue,  it  becomes  white  (avascular),  more  dense,  and 
often  wrinkled.  It  is  insensitive,  because  of  the  absence  of  nerves, 
and  contains  no  lymphatics.  The  itching  or  burning  sensation 
sometimes  referred  to  a  scar  is  due  to  irritation  of  the  nerve  fila- 
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ments  in  the  adjoining  skin  or  subjacent  tissues.  The  principal 
deviations  from  the  normal  are  listed  below. 

Discoloration  of  a  copperish  hue  may  occur  in  syphilis,  a  blue  or 
brown  pigmentation  after  the  healing  of  a  varicose  ulcer.  In  other 
cases  discoloration  may  be  due  to  foreign  substances,  e.g.,  gunpowder, 
particles  of  coal,  or  to  partial  retention  of  normal  pigment,  e.g.,  in 
the  negro.  Kxcision,  followed  by  careful  apposition  of  the  wound 
with  a  subcuticular  suture,  is  indicated  in  some  of  these  cases,  as 
well  as  in  some  cases  in  which  disfiguremeiti  is  due  solely  to  the  shape 
and  tiite  of  the  scar,  e.g.,  a  wide,  irregular  cicatrix  on  the  face  or  neck. 

Excessive  contraction  is  most  frecjucnt  after  extensive  superficial 
wounds,  notably  burns,  the  granulation  tissue  reaching  the  surface 
and  undergoing  conversion  into  fibrous  tissue  long  before  the  com- 
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pletion  of  epidermization,  hence  the  importance  of  the  prophylactic 
measures  advised  in  the  section  on  ** Burns."  On  the  surface  of 
the  body  the  evils  of  contraction  are  most  marked  about  the 
face,  the  neck  (Figs.  56,  57)  and  the  joints.  In  these  cases  libera- 
tion of  the  parts  by  proper  incisions,  and  filling  the  resulting  gap 
by  a  plastic  operation,  is  to  be  considered.  In  the  canals  of  the  body 
contraction  results  in  stricture,  in  connection  with  nervous  tissue, 
pain,  spasm,  paralysis.  Contracting  adhesions  in  the  serous  cavities 
and  elsewhere  are  responsible  for  various  forms  of  mischief,  as  will  be 
pointed  out  on  subsequent  pages. 

Stretching  may  occur  when  recent  scar  is  subjected  to  an  almost 
continuous  strain,  thus  are  produced  the  post-operative  hernias 
of  the  abdomen.  Stretching  is  sometimes  utilized  as  a  therapeutic 
measure,  especially  in  the  treatment  of  strictures. 

Depcessioii  may  be  due  to  adhesion  of  the  scar  to  deeper  struc- 
tures, especially  bone.  A  depressed  scar,  circular,  serpiginous,  or 
semilunar  in  shape  is  suggestive  of  syphilis. 

''Hypertrofdiied"  scars  are  most  frequent  after  infected  wounds 
and  in  the  negro.  When  the  hyperplasia  continues  the  growth  is 
called  Si  false  keloid  (chap.  xiv). 

Punfol  scars  are  due  to  the  pressure  of  the  contracting  tissue  on  a 
nerve  filament.  Relief  is  obtained  by  excising  the  painful  area,  or 
by  finding  and  excising  the  involved  nerve. 

Dlcentioil  is  prone  to  occur  in  scars,  because  of  their  lack  of 
noorfehment,  and  for  the  same  reason  such  ulcers  are  difficult  to 
heal,  unless  the  scar  tissue  is  removed. 

l^lldiefionia  may  develop  in  any  scar,  but  is  most  frequent  in 
those  exposed  to  constant  irritation,  and  in  those  following  X-ray 
burns.  Pain  and  lymphatic  metastases  are  absent,  so  long  as  the 
growth  is  confined  to  the  scar. 
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CHAPTER  VII 

SUPPURATION 

Suppuration  is  the  liquefaction  of  the  products  of  inflammation, 
the  resulting  fluid  being  called  pus. 

The  cause  of  suppuration  is  almost  invariably  infection  with 
bacteria.  The  puruloid  material  resulting  from  the  injection  of 
sterile  irritants,  such  as  mercury  and  croton  oil,  is  theoretically  not 
pus.  Constitutional  diseases  which  lower  the  resistance  of  the  tis- 
sues, especially  diabetes  and  nephritis,  predispose  to  suppuration. 
Locally,  injuries  in  which  the  tissues  are  bruised  or  lacerated  are 
prone  to  suppurate. 

The  Pyogenic  or  Pus  Producing  Bacteria. — The  staphylococcus 
pyogenes  aureus  is  an  amotile,  facultative  anaerobe,  grows  in  clusters 
like  grapes,  thrives  best  at  the  temperature  of  the  body,  is  normally 
present  on  the  skin,  in  the  nose,  mouth,  rectum,  and  vagina,  and 
represents  about  lo  per  cent,  of  the  germs  in  the  air  of  an  operating 
room;  hence  the  most  common  organism  generating  pus.  It  may 
remain  latent  in  ice  and  dry  pus  for  days;  in  the  human  body, 
especially  in  osteomyelitic  foci,  for  many  years.  It  produces 
golden-yellow  colonies  on  culture  media,  and  is  instantiy  killed  by 
boiling  water.  It  is  strongly  leukotactic,  i.e.,  attracts  leukocytes 
from  the  blood;  hence  usually  causes  a  limited  infection  which  is 
walled  in  by  cell  barriers;  it  may,  however,  be  found  in  spreading 
suppurations  and  produce  fatal  results.  Staphylotoxin  causes 
degeneration  of  tissue  cells  and  constitutional  symptoms.  The 
staphylococcus  pyogenes  albus  and  the  staphylococcus  pyogenes  citreus 
are  varieties  of  the  staphylococcus  pyogenes  aureus.  The  former, 
which  is  probably  identical  with  the  staphylococcus  epidermidis  albus, 
shows  a  white  color  in  its  growth,  and  is  commonly  found  in  stitch 
abscesses,  the  normal  habitat  of  the  organism  being  upon  and  in  the 
crypts  of  the  skin;  the  latter  organism  produces  a  lemon-yellow  color. 
The  streptococcus  pyogenes  (chain  coccus)  is  identical  with  the  strep- 
tococcus erysipelatis.  It  is  an  amotile,  facultative  anaerobe,  grows 
best  at  the  temperature  of  the  body,  and  is  found  on  the  skin  and 
mucous  membranes  and  in  dust  and  sewage.  It  is  readily  killed 
by  the  usual  antiseptics,  but  may  remain  latent  in  ice  and  in  a  dry 
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form  for  months.  It  sometimes  has  a  favorable  influence  on  sarcoma, 
but  as  a  secondary  invader  in  tuberculosis  and  other  infections  it 
increases  tissue  destruction  and  the  violence  of  the  general  symptoms. 
It  is  feebly  leukotactic,  consequently  produces  a  thin  watery  pus, 
readily  invades  the  lymph  channels,  and  causes  spreading  inflamma- 
tions and  widespread  suppuration.  Its  toxin  is  hemolytic  and  causes 
serious  constitutional  symptoms.  The  bacillus  coli  communis  is 
morphologically  identical  with  the  typhoid  bacillus.  It  is  a  plump 
straight  rod,  possesses  flagellae,  is  actively  motile,  is  a  facultative 
anaerobe,  and  generates  gas  with  a  fecal  odor.  It  normally  inhabits 
the  intestine  as  a  harmless  saprophyte,  but  becpmes  pathogenic 
when  it  invades  damaged  tissue,  e.g.,  strangulated  bowel,  or  lodges 
in  foreign  soil,  e.g.,  in  the  gall  bladder  or  genito-urinary  apparatus. 
The  bacillus  pyocyaneus  is  frequently  present  in  wounds  and  ulcers 
which  are  not  dressed  regularly;  it  produces  green  or  blue  pus  and  is 
of  litUe  significance,  although  a  few  cases  of  general  infection  have 
been  reported.  It  is  aerobic,  motile,  having  a  polar  flagellum,  and  is 
found  in  water  and  in  the  alimentary  canal.  Other  pathogenic 
organisms  occasionally  found  in  suppurative  processes  are  the 
staphylococcus  cereus  albus,  staphylococcus  cereusflavuSy  staphylococcus 
fioDcscens,  micrococcus  tetragenuSj  micrococcus  pyogenes  tenuis,  gono- 
coccus,  pneumococcus,  and  the  bacillus  of  typhoid  fever,  influenza,  and 
diphtheria.  Non-pathogenic  saprophytes  cause  putrefactive  changes 
in  foul  wounds.  The  bacillus  of  tuberculosis  and  the  ameba  coli  (the 
cause  of  tropical  dysentery  and  hepatic  abscess)  do  not  originate  true 
pus,  but  a  puruloid  material. 

Pyogenic  bacteria  usually  enter  the  tissues  through  wounds ;  they 
may,  however,  make  their  way  through  the  hair  follicles,  sebaceous 
glands,  or  sweat  ducts.  When  suppuration  occurs  in  a  subcutaneous 
lesion,  such  as  a  hematoma,  micro-organisms  reach  the  area  by  way 
of  the  blood,  probably  having  entered  the  circulation  through 
the  tonsils,  the  lungs,  or  the  intestinal  canal. 

The  pa&ology  of  suppuration  is  that  of  inflammation,  plus  the 
peptonizing  influence  of  pyogenic  bacteria,  i.e.,  by  means  of  enzymes 
they  digest  or  liquefy  the  intercellular  portion  of  the  inflammatory 
exudate.  Staphylococci  and  other  organisms  of  low  virulence  give 
the  inflammatory  exudate  about  the  area  of  infection  a  chance  to 
organize  and  form  a  barrier  to  further  dissemination  thus  an  abscess 
is  formed.  Organisms  of  high  virulence,  such  as  the  streptococcus, 
prevent  coagulation  of  the  exudate,  and  the  infection  quickly  spreads. 
The  same  result  may  ensue  with  less  virulent  bacteria  when  the  tissues 
have  little  resistance. 
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Pus  consists  of  liquor  pu  is  (liquefied  intercellular  exudate  and 
microbic  products)  and  pus  cells  (dead  and  dying  leukocytes  and 
connective-tissue  cells). 

Varieties  of  Pus. — Normal  pus  is  generally  due  to  the  staphylo- 
coccus; it  tends  to  remain  localized,  and  the  tissues  from  which  it 
comes  quickly  recover  after  thorough  drainage  has  been  established. 
It  is  a  greenish- white,  creamy  fluid,  alkaline  in  reaction,  and  of  a 
specific  gravity  of  1030.  It  may  be  odorless  or  smell  like  paste. 
Ichorous  pus  is  watery,  acid,  and  very  irritating  to  the  tissues.  Blue 
pus  is  due  to  the  bacillus  pyocyaneus,"  orange  pus  to  hematoidin 
crystals  the  result  of  degeneration  of  red  blood  corpuscles,  slinking 
pus  to  the  bacteria  of  putrefaction.  Fibrinous  pus  contains  flakes 
of  lymph;  sanious  pus,  blood;  serous  pus,  a  large  quantity  of  serum; 
muco-puSy  mucus.  Gas  producing  pus  is  due  to  the  baciLus  of  malig- 
nant edema,  bacillus  aerogenes  capsulatus,  bacillus  coli  communis, 
or  other  saprophytes,  or  to  communication  with  one  of  the  air- 
containing  \dscera.  Tuberculous  pus,  found  in  tuberculous  processes, 
and  gummy  pus,  the  result  of  a  degenerating  gumma,  are  not,  strictly 
speaking,  pus. 

Suppuration  occurs  on  epithelial  or  endothelial  surfaces,  or  in  the 
tissues.  Pyogenic  inflammation  of  a  mucous  membrane  (e.g., 
urethritis,  bronchitis)  may  subside  and  leave  the  structure  normal,  or 
eventuate  in  suppurative  destruction  (ulceration)  of  a  portion  of 
the  membrane.  When  pus  accumulates  in  a  cavity  lined  with  endo- 
thelium, or,  owing  to  obstruction  to  its  drainage,  in  a  duct  or  a  cavity 
lined  with  epithelium  the  condition  is  called,  according  to  its  location, 
pyosalpinx,  empyema  of  the  pleural  cavity,  of  the  gall  bladder,  of 
the  antrum  of  Highmore,  etc.,  although  from  a  cUnical  standpoint 
it  is  an  abscess.  Suppuration  in  the  tissues  may  be  diffuse  (suppura- 
tive cellulitis,  which  is  described  on  a  later  page)  or  circumscribed 
(abscess) . 

An  abscess  is  a  *^  circumscribed  cavity  of  new  formation  contain- 
ing pus.^'  Suppuration  begins  in  the  center  of  the  inflammatory 
area,  and  steadily  extends  by  melting  down  the  surrounding  em- 
bryonic tissue.  An  abscess  at  this  stage  exhibits  five  zones:  (i)  The 
pus,  (2)  a  zone  of  disintegrating  embryonic  tissue,  (3)  a  zone  of 
inflammatory  tissue  filled  with  leukocytes,  fibroblasts,  and  throm- 
bosed vessels,  hence  the  absence  of  hemorrhage  as  the  abscess 
spreads,  (4)  inflammatory  tissue  containing  many  leukocytes,  with 
the  blood  stream  in  the  stage  of  retardation,  and  (5)  a  zone  of  active 
hyperemia  with  beginning  exudation  (Fig.  58).  These  zones  increase 
in  size  as  the  abscess  enlarges,  not  in  mathematical  circles,  but  in  the 
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direction  of  least  resistance,  until  finally  the  abscess  reaches  the 
surface  or  a  cavity  and  empties  itself.  The  tissues  at  the  surface 
pass  through  the  various  stages  of  inflammation  and  liquefy,  until 
ultimately  nothing  remains  but  a  very  thin  layer  which  is  pushed 
up  by  the  pus  below  (pmnling),  giving  the  abscess  a  characteristic 
acuminate  appearance.  When  this  thin  layer  liquefies,  the  abscess 
"bursts"  and  spontaneous  evacuation  occurs.  After  an  abscess  has 
emptied  itself  or  ceased  to  spread,  the  inflammatory  phenomena 
subside,  and  the  embryonic  tissue  forming  its  walls  is  organized 
into  granulation  tissue;  at  this  stage  the  zones  of  an  abscess  are(i) 
the  pus  (2)  zone  of  granulation  tissue,  (3)  fibrous  tissue,  (4),  slightly 
h\-peremic  normal  tissue. 

The  varieties  of  abscesses  may  be  designated  according  to  the 
structure  involved,  as  lacunar,  involving  a  lacuna  of  the  urethra; 
follicular,  invohing  a  follicle;  psoas,  travel- 
ing in  the  psoas  sheath;  thecal,  involving  a 
tendon  sheath;  bursal,  involving  a  bursa; 
brain;  pulmonary,  etc.  According  to  dura- 
tion an  abscess  may  be  acute  or  chronic 
(usually  tuberculous).  Among  other  terms 
used  to  describe  abscesses  are,  gravitating, 
u-andcring.  or  hypostatic  (traveling  from  one 
point  to  another,  e.g.,  psoas  abscess) ; 
diathetic  fdue  to  some  constitutional  dis-  .    J'"-  ss— Dagrun  iiiu!, 

tratmg  zones  n  spread  og 
order);  atheromatous  (occurring beneath  the  (upper  half  and  hea  ng  ab 
intima  in  endarteritis);  canalicular  (com-  ^"^^ -°'"" 
municatisg  with  a  duct) ;  gangrenous  (the  surrounding  parts  become 
gangrenous) ;  tympanitic,  or  emphysematous  (containing  gas) ;  encysted 
I  limited  by  adhesions  in  a  serous  cavity) ;  Jecal,  or  stercoraceous  (com- 
municating with  the  bowel) ;  hematic  (containing  broken  down  blood) ; 
tropical  (in  the  liver  following  amebic  dysentery) ;  marginal  (near  the 
margin  of  anus);  pyemic,  metastatic,  embolic,  multiple,  or  miliary 
(due  to  septic  emboli);  milk  (in  the  breast  of  a  nursing  woman); 
shirt-stud  (the  cavity  of  a  deep  abscess  communicates  with  a  super- 
ficial abscess  by  a  narrow  sinus);  perforating  (breaking  into  some 
caWty);  ossifluent  (due  to  diseased  bone);  secondary  (occurring 
some  distance  from  the  infecting  lesion,  e.g.,  abscess  of  axilla 
after  infected  finger);  urinary  (due  to  extra vasated  urine) ;  residual 
(recurring  months  or  years  later);  syphilitic,  or  gummatous  (due  to 
sv-philis);  Brodie's  (tuberculous  abscess  near  the  epiphyseal  Une  of 
a  long  bone) ;  superficial  (above  the  deep  fascia) ;  and  deep  (below 
the  deep  fascia). 
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The  S3miptoms  of  an  acute  abscess  are,  (i)  the  local  s>TOptoins  of 
inflammation,  plus  fluctuation  and  pointing;  (2)  pressure  s>Tnptoms; 
and  (3)  constitutional  symptoms. 

1.  The  local  symptoms  of  inflammation  all  become  intensified; 
the  swelling  is  greater,  edema  more  marked,  heat  more  apparent, 
redness  more  dusky,  pain  more  severe  and  often  throbbing  in  charac- 
ter, and  the  function  of  the  part  is  lost  or  greatly  impaired.  As  the 
abscess  matures,  signs  of  fluctuation  manifest  themselves;  the  abscess 
becomes  acuminate,  pointing  occurs,  and  spontaneous  evacuation 
follows. 

2.  The  pressure  symptoms  depend  upon  the  size  and  seat  of  the 
abscess ;  in  the  cranium  an  abscess  produces  S3rmptoms  of  compression 
of  the  brain;  in  the  tonsil,  dysphagia;  in  the  neck,  dyspnea.  Large 
blood  vessels,  especially  veins,  are  occasionally  compressed,  but  ver>' 
rarely  opened  by  an  abscess. 

3.  The  consiitutional  symptoms  vary  from  a  slight  rise  in  tempera- 
ture to  the  severer  grades  of  septicemia  or  even  pyemia  (q.v.).  Leu- 
kocytosis occurs  when  there  is  free  absorption  of  the  toxin  and  active 
resistance  of  the  tissues.  It  may  be  absent  in  trivial  suppurations, 
in  very  severe  forms  in  which  all  resistance  is  overcome,  and  in  those 
abscesses  of  a  subacute  nature  which  are  thoroughly  walled  in  by 
fibrous  tissue. 

The  diagnosis  of  a  superficial  abscess  is,  as  a  rule,  easily  made. 
A  suspected  abscess  near  a  large  blood  vessel  should  always  be 
carefully  investigated,  in  order  to  avoid  the  calamity  of  opening  an 
aneurysm.  The  differential  diagnosis  is  given  under  '^Aneurysm." 
In  an  inflamed  cyst,  hematoma,  lipoma  or  other  benign  tumor,  the 
shape,  the  previous  history,  and,  if  necessary,  the  exploring  needle 
will  dispel  all  doubt.  An  encephaloid  carcinoma  and  a  round  celled 
sarcoma  may  be  hot,  soft,  of  recent  formation,  and  associated  with 
fever  and  leukocytosis.  However,  tenderness  is  usually  not  so 
pronounced  as  in  abscess,  and  the  veins  over  the  growth  are  enlarged 
and  increased  in  number.  In  some  cases  the  diagnosis  can  be  made 
only  by  exploratory  puncture  or  incision.  Other  conditions  that 
have  been  mistaken  for  acute  abscess  are  strangulated  hernia, 
erysipeloid,  and  erythema  nodosum;  these  conditions  are  described 
under  their  respective  headings.  The  diagnosis  of  chronic  abscess 
is  given  on  a  later  page. 

The  prophylactic  treatment  consists  in  the  thorough  disinfection 
of  all  abrasions  and  wounds.  In  severe  inflammations  early  incision 
will  occasionally  prevent,  or  at  least  limit,  the  formation  of  pus. 
Suppuration  is  often  cQcouraged  when  it  is  known  to  be  inevitable, 
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by  the  application  of  antiseptic  fomentations.     When  pus  is  once 
fonned,  the  abscess  must  be  opened. 

The  antiseptic  preparations  before  incision  should  be  as  thorough 
as  before  any  operation,  because  of  the  danger  of  secondary  infection . 
Anesthesia  may  not  be  necessary,  in  which  case  the  knife  should 
be  sharp  and  the  hand  quick,  the  incision  being  so  made  that  if  the 
patient  draws  the  part  away  he  will  assist  rather  than  hinder  the 
surgeon.  Infiltration  anesthesia  is  too  painful  in  inflamed  tissues 
and  may  spread  infection.  Freezing  likewise  is  attended  by  pain, 
and  acts  only  on  the  skin.  Regional  anesthesia  (q.v.),  when  applic- 
able, is  the  best  form  of  local  anesthesia.  If  a  general  anesthetic  is 
desired  the  best,  if  only  an  incision  is  to  be  made,  is  nitrous  oxid. 

The  incision  should,  in  order  to  facilitate  drainage,  be  made, 
whenever  possible,  at  the  most  dependent  part  of  the  abscess. 
Important  structures  (e.g.,  vessels  and  nerves)  must  be  avoided  and, 
esi>ecially  on  the  face  and  the,  neck  the  incision  should,  in  order  to 
render  the  subsequent  scar  inconspicuous,  be  made  in,  rather  than 
across,  the  natural  creases  of  the  skin.  When  an  abscess  is  situated 
in  a  dangerous  region,  such  as  the  neck,  one  may  employ  Hilton^s 
method^  i.e.,  the  skin  and  deep  fascia  are  incised,  and  after  a  director 
has  been  pushed  into  the  cavity,  a  pair  of  closed  hemostatic  forceps  is 
passed  along  the  groove,  then  opened,  and  withdrawn  while  open  so 
as  to  dilate  or  tear  the  structures*  In  some  cases  a  counter-opening 
is  desirable  for  better  drainage,  or  for  through  and  through  irrigation. 
This  is  made  by  pushing  a  pair  of  forceps  against  the  opposite  wall 
of  the  abscess,  and  cutting  down  upon  the  end  with  a  knife. 

Exploration  of  the  abscess  cavity  with  the  fingei  may  lead  to  the 
discovery  and  the  removal  of  the  cause,  e.g.,  an  inflamed  appendix, 
a  foreign  body.  Squeezing  the  abscess  increases  the  inflammation, 
curetting  exposes  new  areas  to  infection. 

Disinfection  of  the  abscess  cavity  with  a  strong  antiseptic  is 
occasionally  indicated,  irrigation  with  salt  solution  is  often  desirable, 
but  antiseptics  and  irrigation  are  both  contraindicated  in  many  cases, 
particularly  when  the  abscess  is  in  the  cranium,  the  thorax,  oi  the 
abdomen. 

Drainage  may  be  effected  by  tubing,  gauze,  or  strips  of  rubber 
tissue. 

Dressings  should  be  changed  fiequently  and  the  part  kept  at 
r«t  Heat  is  often  grateful  to  the  patient,  and  perhaps  there  is 
some  virtue  in  hot  fomentations  of  Weight's  solution  (sod.  chldrid 
4  per  cent.,  sod.  dt.  x  per  cent.,  in  water).  Sodium  chlorid  in 
i^ypcrtonic  sohitikm  increases  the  exudation  of  lymph,  the  calcium 
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salts  of  which  are  precipitated  by  sodium  citrate,  thus  removing  one 
of  the  elements  necessary  to  coagulation  and  ensuring  a  free  dis- 
charge. The  skin  must  be  protected  from  the  irritating  action  of  the 
sodium  citrate  by  vaselin,  and  the  solution  should  not  be  used  if  there 
is  a  tendency  to  oozing  of  blood  or  if  adhesions  are  desired.  Further, 
as  pointed  out  by  Crandon,  the  solution  should  be  discontinued  after 
36  or  72  hours,  since  prolonged  applications  lead  to  maceration  and 
to  indolence  in  healing.  No  matter  what  dressing  is  employed,  if 
there  is  pain  severe  enough  to  interfere  with  sleep,  or  if  the  fever 
persists,  it  will  usually  be  found  that  drainage  is  insufl5cient  and 
that  a  larger  incision  is  indicated.  (For  Bier's  treatment  see 
inflammation). 

The  constitutional  treatment  is  that  of  sepsis  (q.v.). 

Chronic  abscess  may  follow  the  acute  form,  owing  to  encapsula- 
tion in  firm  fibrous  tissue.     In  the  brain,  the  breast,  and  the  tongue 
a  chronic  abscess  due  to  pyogenic  organisms  sometimes  forms  with- 
out preceding  acute  symptoms.     Chronic  abscess  may  be  due  also 
to  syphilis,  and  it  occurs  in  the  liver  from  infection  with  the  ameba 
coli.     The  term  chronic,  however,  when  applied  to  abscess,  usually 
means  tuberculous,  and  it  is  with  such  that  we  shall  deal  under  this 
heading.     The  abscess  is  formed  by  the  liquefaction  of  tuberculous 
tissue  (see  tuberculosis),  and  although  it  may  occur  in  any  portion  of 
the  body,  it  is  most  frequently  found  in  connection  with  bones,  joints, 
and  lymphatic  glands.     The  contents  is  not  true  pus,  but  a  yellowish- 
white,  odorless  fluid  containing  cheesy  masses  of  broken  down  tissue, 
coagulated  fibrin,  a  few  cells  undergoing  fatty  degeneration,  and 
frequently  cholesterin  crystals;  there  are  no  pyogenic  organisms,  and 
it  is  difiicult  to  find  tubercle  bacilli,  although  injection  of  the  fluid 
into  guinea-pigs  produces  miliary  tuberculosis.     The  abscess  wall  is 
composed  of  two  layers ;  the  inner  consists  of  large  flabby  granulations, 
grayish-yellow  or  purplish  in  color,  containing  miliary  tubercles,  and 
is  easily  detached  from  the  outer  layer,  which  is  composed  of  dense 
fibrous  tissue.     There  is  no  zone  of  inflammation. 

The  abscess  forms  without  inflammatory  S3miptomS|  hence  the 
term  cold  abscess.  Pain,  when  present,  is  due  more  to  pressure  upon 
surrounding  parts  than  to  the  disease  process  itself,  and  tenderness 
is  often  absent  in  the  abscess  itself,  although  usually  demonstrable 
in  the  tissue  primarily  diseased.  The  skin,  instead  of  being  red,  may 
be  paler  than  normal  {white  swelling) ;  while  softening  and  fluctuation 
are  usuaUy  quite  evident,  owing  to  the  absence  of  inflammatory 
infiltration.  As  the  cause  of  trouble  is  often  deep,  the  pus  is  prone 
to  make  its  way  beneath  dense  fasciae,  and  to  appear  on  the  surface 
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at  a  [X)int  far  distant  from  the  original  focus.  In  tuberculosis  of  the 
doisolumbar  spine  pus  may  appear  in  the  lumbal  region,  iliac  region, 
perineum,  or  in  the  thigh^  When  a  tuberculous  abscess  suddenly 
appears  on  the  surface,  it  has  usually  come  from  a  distance  and 
perforated  some  resistant  structure,  as  its  formation  generally 
occupies  weeks  or  months.  An  untreated  tuberculous  abscess  may 
reach  the  surface  and  evacuate  itself,  or  be  walled  in  by  fibrous 
tissue.  In  the  latter  event  the  contents  become  putty-Hke  in 
consistency,  calcified,  or  absorbed  and  replaced  by  fibrous  tissue. 
When  such  an  area  again  becomes  active,  it  is  called  a  residual 
abscess. 

Constitutional  s3rmptoms,  such  as  progressive  loss  of  weight  and 
pallor  are  often  absent  in  an  uncomplicated  tuberculous  abscess, 
and  there  is  no  leukocytosis.  After  the  abscess  bursts  and  other 
organisms  gain  entrance,  the  discharge  is  thick,  purulent,  and  in- 
creased in  amount,  and  constitutional  symptoms  of  mixed  infection 
are  present,  viz.,  those  of  hectic  fever  and,  if  the  suppuration  is  long 
continued,  amyloid  disease.  Secondary  infection  by  way  of  the 
blood  b  possible  but  rare. 

Hectic  fever  {chronic  septic  intoxication)  occurs  only  when  there  is 
mixed  infection;  it  may  be  found  not  only  in  the  tuberculous,  but  in 
any  case  in  which  there  is  protracted  suppuration.  It  is  due  to  the 
persistent  absorption  of  toxins,  and  is  characterized  by  a  daily 
afternoon  rise  in  temperature,  at  which  time  the  cheeks  become 
flushed  (hectic  flush),  the  eyes  bright,  and  the  pulse  quickened; 
during  the  night  the  temperature  falls  rapidly  with  profuse  sweating 
(nighi  sweat) ;  and  the  patient  soon  becomes  weak  and  emaciated. 

A  myloid  disease  (albuminoidy  lardaceous,  waxy,  or  colloid  degenera- 
tion) finally  supervenes.  The  cause  of  this  condition  is  not  known; 
it  may  be  due  to  the  chronic  toxemia,  or  to  the  draining  of  alkaline 
salts  from  the  blood  by  the  discharge.  The  walls  of  the  capillaries 
and  arterioles  and  eventually  the  viscera,  especially  the  spleen, 
liver,  and  kidneys,  become  infiltrated  with  an  albuminoid  or  waxy 
material.  The  mucous  membranes,  particularly  those  of  the  intes- 
tines, likewise  are  frequently  involved.  The  affected  organ  is  large, 
pale,  heavy,  and  smooth.  Owing  to  the  changes  in  the  intestinal 
mucosa,  disorders  of  digestion  and  diarrhea  are  present.  The  ca- 
chexia is  due  partly  to  the  prolonged  suppuration  and  partly  to  the  vis- 
ceral changes.  The  diagnosis  is  easily  made,  when  in  the  course 
of  a  prolonged  suppuration,  the  spleen  and  liver  enlarge,  and  there  is 
diarrhea  and  polyuria,  with  albumin,  and  amyloid  casts  giving  the 
iodin  reaction.    The  time  necessary  for  the  production  of  amyloid 
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disease  varies  within  wide  limits;  the  shortest  period  probably  being 
three  months.  Amyloid  disease  should  be  prevented  by  the  active 
treatment  of  chronic  suppuration.  Its  onset,  although  serious,  is 
an  indication  for,  rather  than  a  contraindication  to,  operation,  as 
the  process  may  be  checked  in  its  early  stages. 

The  diagnosis  of  a  cold  abscess  is  made  by  its  chronic  course, 
the  absence  of  inflammatory  symptoms  and  leukocytosis,  the  detec- 
tion of  changes  in  the  part  fiom  which  it  has  arisen  (e.g.,  bone,  joint, 
lymph  gland),  and  by  the  general  features  of  tuberculosis  (chap. 
xii).  In  doubtful  cases  aspiration  may  be  used.  A  tuberculous 
abscess  is  most  often  confused  with  a  lipoma,  a  cyst,  or  a  gumma,  less 
frequently  with  a  sarcoma,  hematoma,  hernia,  or  an  aneurysm.  A 
chronic  nontuberculous  abscess  may,  because  of  its  thick  walls,  be 
mistaken  for  a  solid  tumor. 

The  local  treatment  is  (i)  aspiration,  with  or  without  injections, 
(2)  incision,  (3)  excison. 

(i)  Simple  aspiration  and  aspiration  followed  by  irrigation  with  a 
weak  antiseptic  solution  are  occasionally  successful.  Iodoform 
emulsion  (10  per  cent,  in  glycerin  or  olive  oil)  may  be  injected,  after 
tapping  and  irrigation,  once  a  week  until  healing  occurs.  Not  more 
than  4  to  5  drams  should  be  used  in  an  adult,  and  not  more  than  2  or 
3  drams  in  a  child,  because  of  the  danger  of  poisoning.  Ethereal 
emulsions  become  gaseous  after  injection,  and  in  certain  regions  may 
produce  harmful  pressure.  Bier  makes  a  small  incision  and  applies 
a  vacuum  pump.  Beck  evacuates  the  pus  through  a  small  opening, 
and  fills  the  ca\aty  with  bismuth  paste  (see  *^ Sinus'*).  If  the  fluid 
reaccumulates,  the  abscess  is  reopened  and  the  fluid  allowed  to 
escape;  the  injection  is  not  repeated.  (2)  Incision  and  drainage, 
if  the  abscess  is  large,  is  so  often  followed  by  chronic  septic  intoxi- 
cation from  the  entrance  of  pyogenic  organisms  during  the  subsequent 
dressings,  that  the  cavity  should  never  be  left  open  if  it  can  be  closed 
with  safety.  Excluding  the  well  localized  superficial  abscess,  which 
may  be  treated  as  an  ordinary  acute  abscess,  incision  may  be  indicated 
under  the  following  circumstances,  (a)  If  the  contents  are  too  thick 
for  aspiration  the  abscess  may  be  opened,  the  granulations  curetted 
away,  the  cavity  irrigated,  iodoform  emulsion  introduced,  and  the 
wound  sutured,  (b)  If  the  cause,  e.g.,  diseased  bone  or  lymph 
glands,  can  be  removed  without  too  much  risk,  such  should  be  done. 
In  some  of  these  cases  it  will  be  necessary  to  pack  the  wound  with 
iodoform  gauze.  If,  with  the  purpose  of  eradicating  the  primary 
focus  in  view,  it  is  found,  on  exploration,  that  the  limits  of  the  abscess 
cannot  be  reached  or  the  cause  remoyed,  the  treatment  should  be 
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that  described  under  "a/*  (c)  If  there  are  dangerous  pressure 
sjinptoms,  as  in  retropharyngeal  abscess,  drainage  must  be  insti- 
tuted, (d)  If  there  is  mixed  infection,  or  (e)  if  the  abscess  is  about 
to  evacuate  itself ,  incision  is  indicated,  in  the  former  instance  curet- 
tage is  dangerous,  in  the  latter  the  thin  bluish  film  of  skin  at  the  site 
of  the  pointing  should  be  excised.  (3)  In  cases  in  which  the  abscess 
is  small,  particularly  when  connected  with  a  lymphatic  gland, 
excision  of  the  whole  abscess  cavity  and  suture  of  the  wound  is 
indicated.  It  may  be  necessary  to  adjust  apparatus  to  provide 
support  or  fixation  if  the  abscess  proceeds  from  bones  or  joints.  The 
constittUional  treatment  is  that  of  tuberculosis  (q.v). 

Abscesses  in  various  parts  of  the  body  which  require  special  men- 
tion will  be  found  in  those  sections  devoted  to  regional  surgery. 
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CHAPTER  VIII 

ULCERATION 

Ulceration  is  the  progressive  molecular  destruction  of  super- 
ficial tissues.    Ulceration  of  bone  is  called  caries. 

The  cause  of  ulceration  is  infection,  or  lowered  resistance  of  the 
tissues  with  infection.  From  an  etiologic  standpoint  ulcers  may  be 
grouped  under  the  following  headings: 

1.  Simple,  or  better,  pyogenic  ulcers  include  those  in  which  the 
molecular  destruction  is  due,  wholly  or  principally  to  pyogenic 
organisms,  the  lower  resistance  of  the  tissues  being  the  result  of 
inflammation;  traumatism  (mechanical,  chemical,  thermal);  deficient 
circulation,  such  as  is  caused  by  scars,  atheroma,  the  lodging  of  an 
embolus,  pressure  (splint  sores  and  bed  sores),  and  passive  conges- 
tion (varicose  ulcer) ;  nervous  lesions  (corneal  ulcer  following  removal 
of  the  Gasserian  ganglion,  perforating  ulcer  of  the  sole  in  locomotor 
ataxia);  or  constitutional  diseases,  such  as  gout,  scurvy,  diabetes, 
and  mercurialism. 

2.  Ulcers  due  to  specific  bacteria  occur  in  chancroid,  tuberculosis, 
syphilis,  leprosy,  glanders,  anthrax,  and  other  conditions. 

3.  Malignant  ulcers  are  caused  by  the  breaking  down  of  malig- 
nant growths.  In  groups  two  and  three  infection  with  pyogenic 
bacteria  is  inevitable,  and  augments  the  destructive  process. 

Pathologically  a  spreading  ulcer  of  the  simple  type  presents  the 
changes  which  are  found  in  the  wall  of  a  spreading  abscess.  Ordi- 
narily an  abscess  ceases  to  extend  when  efiicient  drainage  has  been 
established,  but  an  ulcer,  owing  to  the  virulency  of  the  infection  or 
the  feebleness  of  the  defensive  powers  of  the  tissues,  continues  to 
progress  despite  free  drainage.  In  addition  to  the  microscopic  cellu- 
lar disintegration,  which  results  in  the  formation  of  the  purulent 
discharge,  not  infrequently  dead  pieces  of  tissue  {sloughs),  visible 
to  the  unaided  eye,  are  cast  off,  after  being  set  free  by  the  suppura- 
tive process.  When  the  ulcer  spreads  with  great  rapidity  the  con- 
dition is  called  phagedena;  it  is  occasionally  seen  in  syphilis,  in  fact 
in  any  ulcer,  but  occurs  most  frequently  in  connection  with  chan- 
croid, and  was  at  one  time  common  as  hospital  gangrene.  As  an 
ulcer  deepens  contiguous  structures  may  be  involved,  e.g.,  a  leg 

ulcer  may  result  in  p>eriostitiSy  caries,  or  necrosis  of  the  tibia;  occa- 
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ionally  large  blood  vessels  are  opened,  and  ulcers  in  the  gastroin- 
estinal   canal   may  perforate   and   cause   generalized  peritonitis, 
-•ymphangitis  and  lymphadenitis  occur  when  there  is  active  absorp- 
Lion  of  the  bacteria  or  their  products.     When  the  acute  inflammation 
about  an  ulcer  subsides  and  active  destruction  of  tissue  ceases,  the 
ulcer  either  becomes  chronic  or  passes  into  the  healing  stage.     An 
ulcer  may  fail  to  heal  because  of  persistent  or  repeated  infection, 
continued  irritation  (e.g.,  from  an  ingrowing  toe  nail),  want  of  rest 
<e.g.  ulcer  of  the  anus,  lip,   or  duodenum),   adhesion  to  deeper 
structures,  inversion  of  the  epithelial  edges,  exuberant  granulations, 
defective  nutrition  (e.g.  varicose  ulcer),  epitheliomatous  degenera- 
tion, or  a  general  state  of  depraved  vitality.     The  microscopic 
appearance  of  a  healing  ulcer  is  that  of  a  healing  abscess  or  that  of  a 
wound  undergoing  repair  by  second  intention.     So  long  as  an  ulcer 
is  open  there  is  the  possibility  of  secondary  infection;  the  most  fre- 
quent complication  of  this  nature  is  erysipelas. 
The  diagnostic  considerations  may  be  listed  as  follows: 

1.  A  history  of  exposure  to  a  specific  form  of  infection  may  be 
obtained,  e.g.  chancre,  chancroids,  anthrax,  glanders,  or  to  a  par- 
ticular form  of  irritation,  e.g.,  in  those  who  work  in  acids. 

2.  The  period  of  incubation  is  of  particular  significance  in  chancre 
and  chancroid. 

3.  Mode  of  Onset. — ^An  injury  may  inaugurate  many  forms  of 
ulceration  besides  the  traumatic,  e.g.,  tuberculous,  syphilitic,  vari- 
cose, etc.  An  ulcer  due  to  an  embolus  is  preceded  by  a  small  area 
of  gangrene.  Pressure  ulcers  are  found  after  the  removal  of  splints 
and  apparatus.  An  ulcer  which  has  been  preceded  by  a  swelKng 
may  be  the  result  of  inflammation,  tuberculous  abscess,  gumma,  or  a 
breaking  down  neoplasm.  Ulcers  following  a  rat  bite  or  a  thorn 
wound  should  make  one  suspect  sporotrichosis. 

4.  Duration, — Tramnatic  ulcers  are  acute;  malignant  ulcers  may 
last  months,  varicose  ulcers,  years.  In  any  ulcer,  regarded  as  simple, 
that  persists  in  spite  of  treatment  the  possibility  of  epithelioma  should 
•>e  kept  in  mind. 

5.  A  number  of  ulcers  scattered  over  the  body  commonly  indicates 
some  general  disease,  although  chancroids  (local  infection)  are 
multiple  and  chancre  (constitutional  disease)  is  single. 

6.  Pain. — The  perforating  ulcer  of  the  sole  of  the  foot  and  other 
trophic  ulcers  may  be  painless;  acute  ulcers  in  healthy  tissue  are 
accompanied  by  a  burning  or  stinging  pain.  Intense  pain  with- 
out inflammation  is  experienced  in  the  erethistic,  irritable,  or  neural- 
gic ulcer. 


ii8 


MANUAL  OF  SURGERY 


7.  Size. — Bed  sores,  varicose,  phagedenic,  and  malignant  ulcers 
may  attain  a  large  size.  The  ordinary  traumatic,  trophic,  and 
syphilitic  ulcers  are  smaller. 

8.  Shape, — Syphilitic  ulcers  are  circxilar,  semi-lunar,  irregular,  or 
serpiginous,  and  often  punched  out  in  appearance.  Tuberculous 
ulcers  are  ovoid  or  ragged. 

9.  Situation, — Traumatic  ulcers  occur  in  regions  exposed  to  injuiy, 

such  as  the  shin  and  elbow.  Ulcers 
on  the  tips  of  the  fingers  and  toes  may 
be  due  to  defective  circulation. 
Tuberculous  ulcers  are  frequent 
about  the  mouth  and  in  the  vicinity 
of  lymph  glands  (neck,  axilla,  groin) 
and  joints;  syphilitic  ulcers  about  the 
genitals  and  in  the  neighborhood  of 
^  joints ;  lupoid  ulcers  on  the  face ;  carci- 
noma about  the  face,  mouth,  breast, 
rectum,  and  genitals;  scorbutic  ulcers 
on  the  gums;  and  varicose  ulcers  in 
the  lower  third  of  the  leg.  Special 
mention  should  be  made  of  the  fre- 
quency with  which  a  chancre  is  not 
recognized  when  in  an  imusual  situa- 
tion, e.g.,  when  on  the  lip  or  the  finger. 
10.  The  Floor. — Large,  pale, 
edematous  granulations  suggest 
tuberculosis  or  some  other  debilitat- 
ing malady;  in  many  of  these  cases 
will  be,  found  a  sinus  leading  down  to 
necrotic  bone  or  caseating  glands.  A 
^.  ^.       r,,      f    syphilitic  ulcer  may  show  the  charac- 

Fig'  59- — Diagrammatic  profiles  of       -^  *  -^ 

ulcers.    yl.Acute;  2^.  indolent;  C,  heal-     terfstic,  dirty  VCUOW,  tOUgh  sloUgh  of 
ing;  P.£.,  carcinomatous; F,  syphilitic;  ,     '  .  ^,  ^    __ 

G  syphilitic  or  tuberculous.  gummy    degeneration.     The    floor 

may  be  covered  with  soft  friable 
papillse  in  blastomycosis,  a  thick  crust  of  clotted  blood  in  scurvy,  a 
false  membrane  in  diphtheria,  a  fungating  mass  in  carcinoma.  In 
some  cases  a  section  should  be  removed  for  microscopic  examination. 
The  student  is  advised  to  compare  the  features  (floor,  edges,  dis- 
charge) of  the  acute,  the  chronic,  and  the  healing  ulcers,  which  are 
given  at  the  end  of  this  chapter. 

II.  Undermined  edges  are  seen  especially  in  syphilis  and  tuber- 
culosis; thick^  non-granulating,  everted  edges  in  carcinoma  (Fig.  59). 
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12.  The  JwcAarg^  may  be  fetid  in  any  nicer,  from  contaminat'on 
with  saprophytes;  the  amount  is  usually  in  proportion  to  the  activity 
of  the  destructive  process.  In  a  gouty  ulcer  urate  of  soda  may  be 
detected;  in  actinomycosis  minute  yellow  granules  resembling  grains 
of  iodoform.  A  tendency  to  spontaneous  bleeding  occurs  in  scorbu- 
tic and  malignant  ulcers.  When  the  diagnosis  is  uncertain  the 
discharge  may  be  examined  bacteriologically. 

13.  The  surrounding  tissues  may  show  evidence  of  syphilis  or 
defective  circulation,  or  they  may  be  healthy.  In  malignant  ulcers 
the  surrounding  tissues  are  the  seat  of  a  neoplastic  infiltration;  loss  of 
sensation  and  hair,  and  a  shiny  appearance  indicate  trophic  changes. 

14.  The  adjacent  lymph  glands  may  be  enlarged  in  any  form  of 
ulceration,  from  the  absorption  of  bacterial  products.  In  ordinary 
pyogenic  ulcers  they  show  the  signs  of  acute  inflammation.  In 
early  syphihs  the  enlargement  is  general,  and  the  glands  are  discrete 
and  do  not  mat  together;  in  carcinoma  they  enlarge,  infiltrate  the 
surrounding  tissues,  and  are  often  of  stony  hardness;  in  tuberculosis 
they  mat  together,  become  adherent  to  the  skin,  form  sinuses  which 
discharge  caseous  pus,  and  are  often  painless. 

15.  Age. — Ulcers  in  children  are  often  tuberculous  or  due  to 
congenital  syphilis;  in  old  age  varicose  and  malignant  ulcers  are 
more  common. 

16.  General  Condition  of  the  Patient. — Examine  for  tuberculosis, 
syphilis,  gout,  scurvy,  diabetes,  nephritis,  cardiac  disease,  and  for 
any  cause  that  impairs  the  general  health. 

17.  The  Wassermann  test  is  indicated  in  suspected  syphihs;  the 
tuberculin  tests  are  much  less  important. 

The  treatment  of  simple  ulceration  may  be  understood  more 
readily  if  the  principles  involved  are  first  enumerated,  and  then  their 
application  pointed  out  with  the  description  of  the  three  clinical 
varieties  of  this  affection.    The  local  treatment  is  as  follows: 

1.  Removal  of  the  cause,  when  possible,  converts  the  ulcer  into  a 
healing  wound.  Varicose  veins  my  be  removed  or  supported,  an 
ingrowing  toe  nail  excised,  and  jagged  teeth  extracted. 

2.  Rest  is  as  important  here  as  in  inflammation.  In  an  ulcer  of 
the  cornea  rest  is  seciu'ed  by  bandages  or  dark  glasses,  in  an  ulcer  of 
the  stomach  by  rectal  feeding  or  gastroenterostomy,  in  an  ulcer  of 
the  anus  by  dilatation  or  division  of  the  sphincter,  and  in  some  other 
regions  by  placing  the  patient  in  bed  or  by  the  use  of  splints. 

3.  Disinfection  of  the  skin  around  the  ulcer  may  be  effected  by 
shaving  if  there  is  much  hair,  and  then  applying  iodin,  or  with  soap 
^  water,  alcohol,  and  bichloride  of  mercury  solution.     Cleansing 
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the  ulcer  mechanically  by  spraying  with  hydrogen  peroxid  (half 
strength)  and  irrigating  with  salt  solution  is,  as  a  rule,  preferable  to 
the  use  of  strong  antiseptics,  which,  unless  concentrated  enough 
to  destroy  the  tissue  cells,  are  incapable  of  reaching  the  bacteria  in 
these  cells.  In  cases  of  very  active  ulceration,  however,  the  tissue 
cells  must  be  sacrificed  in  order  to  overcome  the  infection.  This  is 
notably  true  in  phagedena  y  which  requiresforitsconquest  very  power- 
ful disinfectants,  such  as  the  actual  cautery,  pure  carbolid  acid,  or 
nitric  acid.  Sloughing  is  best  treated  by  hot  fomentations  of  salt 
solution  or,  if  there  is  much  odor,  permanganate  of  potassium,  the 
loose  portions  of  the  slough  being  clipped  oflf  with  scissors  at  each 
dressing.  Dakin's  solution  and  dichloramin-T  also  are  of  value  in 
this  condition.  The  gauze  that  is  used  to  protect  the  ulcer  and  absorb 
the  discharges  may  be  moist  (salt  solution,  boracic  acid  solution)  or 
dry,  according  to  the  condition  of  the  granulations. 

4.  Compression  may  be  applied  to  the  margins  of  the  ulcer  to 
assist  in  the  absorption  of  exudate,  or  to  the  entire  limb  in  order  to 
prevent  or  to  overcome  congestion  and  edema  (vide  infra).  Mas- 
sage, which  is  a  form  of  intermittent  compression,  also  may  be  used 
for  the  latter  purpose. 

5.  Elevation  likewise  diminishes  the  amount  of  blood  in  the  part, 
and  is  indicated  in  all  forms  of  ulceration  in  which  it  may  be  secured; 
even  in  those  due  to  defective  arteria,!  circulation  the  tissues  are  apt 
to  be  filled  with  fluid. 

6.  The  granulations  may  be  deficient  or  exuberant.  Deficient 
granulations  may  be  stimulated  by  mildly  irritating  applications,  e.g. 
silver  nitrate  (gr.  10  to  the  oz.),  copper  sulphate  (gr.  10  to  the  oz.), 
balsam  of  Peru,  red  wash  (zinc  sulphate  gr.  2,  compound  tincture  of 
lavender  m.  10,  water  one  oz.  ),  argyrol  (10  per  cent.),  or  tincture  of 
iodin  (50  per  cent.).  Exuberant  granulations  (proud  flesh)  maybe 
removed  by  cauterizing  with  pure  nitrate  of  silver;  or  with  Scissors,  a 
curette,  or,  in  order  not  to  devitalize  the  remaining  cells,  with  a  sharp 
knife  or  razor,  the  bleeding  being  controlled  by  pressure  with  dry 
gauze.  The  operation  is  painless,  since  the  granulations  contain 
no  nerve  filaments.  Edematous  granulations ,  which  may  or  may  not 
be  exuberant,  require  the  treatment  just  indicated,  or  dry  dressings, 
exposure  to  the  air  and  sunshine,  or  electric  light  baths. 

7.  Epidermization  may  be  hastened  after  the  ulcer  has  begun 
to  heal,  by  skin  grafting;  or  by  scarlet  red  ointment  (8  per  cent,  in 
vaseline),  which  stimulates  epithelial  proliferation,  but  not  the 
granulations;  it  should  be  applied  to  the  epithelial  margins  only,  for 
24  hours  at  intervals  of  several  days,  and  not  continuously. 
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8.  Incisions  radiating  through  the  edges  of  the  ulcer,  or  curved 
incisions  on  each  side  of  the  ulcer,  have  been  recommended  when 
healing  is  prevented  by  adhesions  to  the  underlying  structures. 

9.  Excision,  including  adjacent  cicatrcial  tissue,  may  be  advis- 
able under  similar  circumstances,  and  is  strongly  indicated  when  there 
is  a  menace  or  a  suspicion  of  malignancy.  Interference  with  cicatri- 
zation as  the  result  of  turning  in  of  the  edges  may  be  met  by  excising 
or  undercutting  the  edges. 

10.  Prevention  of  deformity  demands  that  the  part  be  placed  in 
the  best  position  to  oppose  the  contraction  of  the  scar  tissue  and 
that  the  scar  tissue  be  minimized  by  early  skin  grafting.  In  certain 
situations  (e.g.  esophagus,  urethra)  the  young  cicatrix  should  be 
stretched  by  the  passage  of  bougies,  in  order  to  anticipate  the  develop- 
ment of  a  fibrous  stricture. 

The  constitutional  treatment  is  that  of  sepsis  (q.v.),  or  of  any 
causative,  complicating,  or  independent  affection  of  a  general 
nature. 

From  a  clinical  standpoint  a  simple  ulcer  may  be  regarded  as 
acute,  chronic,  or  healing. 

The  acute  ulcer  is  characterized  by  progressive  extension.  Its 
floor  is  covered  with  pus,  disintegrating  grayish  lymph,  dirty  yellow 
sloughs  of  variable  size,  and  no  granulations.  The  edges  are  eroded, 
thickened,  irregular  in  contour,  but  always  sharply  defined.  The 
discharge  is  profuse,  watery,  irritating,  occasionally  mixed  with 
blood.  The  surrounding  tissues  are  acutely  inflamed,  the  adjacent 
h-mph  glands  enlarged  and  tender.  The  pain  is  often  burning  or 
stinging  in  character  and  may  be  severe.  The  constitutional  symp- 
toms are  those  of  sepsis. 

The  local  treatment  is  removal  of  the  cause,  rest,  disinfection,  and 
delation,  as  pointed  out  above.  Powders  and  ointments  interfere 
«ith  free  drainage,  hence  are  contraindicated.  If  the  ulcer  is  on  a 
limb,  the  limb  should  be  bandaged  from  its  extremity  to  a  point 
abo\'e  the  ulcer.  The  management  of  lymphadenitis  is  given  on  a 
laterpage.  When  the  ulcer  has  ceased  to  spread  and  the  granulations 
have  become  healthy  it  is  dealt  with  as  a  healing  ulcer.  The  general 
^f(itment  is  that  outlined  above. 

The  chrcmic  ulcer  is  most  frequently  seen  on  the  inner  side  of  the 
lower  third  of  the  leg,  in  the  latter  half  of  life,  as  the  result  of  varicose 
veins  (varicose  ulcer),  but  is  encountered  also  in  other  regions,  espe- 
oally  in  cicatrices,  notably  those  following,  extensive  burns  or 
bams  by  electricity,  radium,  or  the  X-ray.  Syphilis,  tuberculosis, 
nKkcd  any  debilitating  general  malady  predisposes  to  chronic  ulcera- 
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tion.  In  the  viscera  chronic  indurated  ulcers  occur  most  often  in  the 
pylorus  and  the  duodenum.  Here  we  shall  confine  our  remarks  to 
the  varicose  variety  as  sufficiently  indicative  of  the  appearance  and 
the  treatment  of  chronic  ulcer.  The  ulcer  may  last  for  years  in  a 
stationary  condition  or  slowly  progress.  It  is  generally  oval  in 
shape.  The  floor  is  smooth,  glistening,  pale-red  or  dirty-yellow  in 
color,  and  presents  only  a  few  edematous  granulations  or  no  granu- 
lations. The  edges  may  be  flat,  but  are  more  often  humped-up,  hard, 
and  congested  (callous  ulcer).  The  discharge  varies  in  amount;  it 
may  be  thin,  seropurulent,  and  irritating,  or  thick,  fetid,  and  greenish 
in  color.  The  ulcer  is  frequently  attached  to  the  underlying  struc- 
tures (fascia,  bone),  so  that  contraction  is  prevented.  The  sur- 
rounding parts  are  often  edematous,  sometimes  with  an  overgrowth 
of  the  subcutaneous  tissues  resembling  elephantiasis.  The  skin  may 
be  pigmented,  owing  to  the  escape  and  disintegration  of  red  blood 
cells,  or  covered  with  eczema  {eczematous  ulcer).  Pain  is  usually 
slight  or  absent,  but  as  the  result  of  the  exposure  of  nerve  filaments, 
may  become  very  severe  (irrUabley  ereihistic,  neuralgic,  or  painful 
ulcer).  General  septic  manifestations  are  rare,  owing  to  the  absence 
of  acute  inflammation,  and  to  the  blocking  of  the  lymphatic  spaces 
by  organized  exudate. 

The  local  treatment  of  chronic  indolent  ulcers  is  frequently 
tedious  and  disappointing,  since  they  often  occur  in  patients  who 
cannot  afford  the  time  to  care  for  them  properly.  Varicose  veins 
should  be  removed  or  supported,  as  indicated  in  chap.  xv.  If 
possible,  rest  and  elevation  should  be  secured.  The  ulcer  may  be 
cleansed  as  described  above.  Compression  of  the  ulcer  alone 
may  be  obtained  by  overlapping  strips  of  adhesive  plaster,  which 
should  never  encircle  the  limb  for  more  than  two-thirds  of  its  circum- 
ference. A  piece  of  lint  the  exact  size  of  the  ulcer,  soaked  in  copper 
sulphate,  grains  lo  to  the  ounce,  is  first  placed  over  the  sore.  With 
this,  however,  should  always  be  combined  compression  of  the  whole 
leg  by  a  muslin  bandage  or  an  elastic  bandage  (flannel,  Martin's 
rubber  bandage,  Randolph  bandage).  The  Randolph  bandage 
consists  of  elastic  webbing  that  does  not  tend  to  macerate  the  skin 
like  the  rubber  bandage.  Unna's  paste  consists  of  gelatin  5  parts, 
oxid  of  zinc  5  parts,  boric  acid  i  part,  glycerin  8  parts,  and  water 
6  parts;  these  are  mixed  and  liquefied  in  a  water  bath.  After 
cleansing  the  part,  a  gauze  bandage  is  applied  from  the  extremity 
of  the  limb  to  above  the  ulcer  and  painted  with  the  fluid;  several 
layers  of  gauze  may  thus  be  applied  and  painted.  The  liquid 
solidifies  on  cooling  and  resembles  adhesive  plaster,  so  that  most  of 
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its  virtue  lies  in  the  compression  exerted;  this  dressing  may  be  left 
in  place  until  it  looseilfe  (one  to  three  weeks).     If  there  is  much 
discharge,  the  dressing  may  be  applied  every  few  days,  or,  better, 
the  ulcer  itself  may  be  left  uncovered  for  drainage  and  cleansing. 
Schulze  prdrifies  the  ulcer  with  soap  and  water,  and  dresses  it  with  a 
solution  of  acetate  of  aluminium  (2  per  cent,  in  water)  imtil  the  dis- 
charge decreases  and  loses  its  odor;  a  piece  of  lint  the  size  of  the 
ulcer  is  then  soaked  in  spirits  of  camphor,  and  applied  beneath 
absorbent  cotton,  rubber  dam,  and  a  compression  bandage.     The 
camphor  is  reapplied  every  other  day,  after  washing  with  a  2  per  cent. 
solution  of  carbolic  add.     Massage  of  the  whole  leg  is  frequently  of 
great  benefit.     The  remarks  previously  made  on  the  control  of  the 
granulations,  epidermization,  incisions,  and  excision  are  appUcable 
to  varicose  ulcers.    An  irritable  ulcer  is  treated  by  cauterizing  or 
excising  the  painful  spot,  by  passing  a  tenotome  above  it  to  divide 
the  affected  nerve  filament,  or  by  curetting  the  whole  ulcer.     Ec- 
zema requires  cleansing  with  sweet  oil,  and  the  application  of  ichthyol 
(5-10  per  cent.),  lead- water  and  laudanimi,  Unna^s  dressing,  liq. 
carbonis  detergens  (i  ounce  to  liq.  plumbi  subacetat.  dil  i  pint),  oxid 
of  zinc  ointment,  or  boracic  acid  ointment. 

General  treatment  should  be  directed  to  any  existing  constitu- 
tional disease.  Affections  of  the  heart,  the  arteries,  and  the  kidneys 
are  not  infrequently  present.  Strychnin,  digitalis,  and  nitroglycerin 
are  often  of  service. 

The  healing  ulcer  progressively  diminishes  in  size.  The  floor 
is  covered  with  firm,  bright  red  granulations.  The  edges  are  slop- 
ing, only  slightly  raised,  and  present  three  zones,  (i)  a  red  zone 
of  granulation  tissue,  (2)  a  blue  or  purplish  zone  of  beginning  epider- 
mization, (3)  a  white  zone  of  skin.  The  discharge  is  scanty,  serous, 
or  seropurulent.  The  surrounding  tissues  are  normal.  Pain  is 
usually  absent. 

The  local  treatment  is  rest,  cleanUness,  elevation,  prevention  of 
deformity.  The  granulations  may  be  protected  from  the  avulsing 
effect  of  dry  dressings  by  paraflBjied  gauze,  or  by  sUghtly  separated 
strips  of  rubber  tissue  or  silver  foil,  imless  these  are  foimd  to  produce 
niaceration.  Ointments,  of  which  sterile  vaselin  is  perhaps  the  best, 
*re  permissible  in  these  cases,  provided  the  lint  on  which  they  are 
?wead  is  sterile,  and  perforated  with  numerous  holes  for  the  purpose 
(rf  drainage.  Prolonged  applications  of  greasy  substances,  however, 
ouy  caose  the  granulations  to  become  flabby  and  edematous.  Lard 
tt  in  mntment  base  should  never  be  employed,  as  it  quickly  putrefies. 
Powders  are  usually  contaminated  with  micro-organisms,  and  form  a 
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crust  which  interferes  with  the  proper  toilet  of  the  part.    General 
treatment  may  possibly  be  needed  for  weakness  or  anemia. 

Specific  and  malignant  ulcers  and  ulcers  of  particular  regions, 
with  the  exception  of  varicose  ulcer,  which  has  just  been  described, 
are  considered  under  their  respective  headings  in  later  chapters. 

SmUS  AND  FISTULA 

A  sinus  is  an  abnormal  canal  leading  from  the  skin  or  the  mucous 
membrane  down  into  the  tissues;  it  is  lined  with  granulations, 
discharges  pus,  and  usually  ends  in  the  cavity  of  an  unhealed  abscess. 
Sinuses  are  caused  by  (i)  foreign  bodies,  either  exogenous  (e.g.,  a 
bullet,  needle,  or  non-absorbable  ligature),  or  endogenous,  e.g.,  a 
caseating  gland,  necrotic-bone,  or  carious  tooth;  (2)  deficient  drainage^ 
that  is,  the  orifice  heals,  pus  accumulates,  another  abscess  forms, 
spontaneous  evacuation  occurs,  and  the  process  is  repeated  over  and 
over;  (3)  want  of  rest;  (4)  infection  of  the  walls,  especially  by  the 
tubercle  bacillus;  (5)  ingrowth  of  epithelium;  (6)  fibrous  or  bony  rigid- 
ity of  the  walls,  which  prevents  their  coming  together;  and  (7)  general 
debility. 

The  diagnosis  is  seldom  difficult.  The  orifice  of  a  sinus  and  the 
discharge  can  almost  always  be  seen,  the  tract  can  often  be  felt  as  a 
cord-like  induration,  and  the  cause  is  frequently  revealed  by  the  his- 
tory and  the  X-ray.  Probing  may  be  necessary,  but  is  usually  inad- 
visable, because  it  may,  by  rubbing  off  the  granulations,  result  in 
absorption  of  bacterial  products,  causing  fever.  The  direction, 
length,  and  shape  of  the  tract,  and  the  presence  of  diverticula,  may 
be  shown  by  the  X-ray,  after  the  injection  of  bismuth  paste  or  other 
opaque  substance  (see  "Pyelography")-  In  some  cases  the  discharge 
should  be  investigated  bacteriologically. 

The  treatment  is  removal  of  the  cause.  The  sinus  should  be 
opened,  explored,  disinfected,  and  loosely  packed  with  gauze,  so 
that  it  may  heal  from  the  bottom.  In  ligature  sinuses  the  ligature 
may  often  be  removed  by  fishing  with  a  crochet  needle.  In  some 
cases,  e.g.,  those  caused  by  rigid  walls  or  ingrowth  of  epithelium, 
excision  should  be  performed.  In  dissecting  out  a  small  or  tortuous 
sinus  the  tract  may  be  followed  with  greater  ease  if  it  is  injected 
with  a  colored  fluid  (methylene  blue,  brilliant  green,  collargol). 
In  tuberculous  sinuses  not  suited  for  radical  operation  Bier's 
suction  pump  or  the  injection  of  Beck 's  bismuth  paste  may  be  tried. 
Two  preparations  of  bismuth  paste  are  used.  The  first  consists  of 
bismuth  subnitrate  33  per  cent.,  and  vaselin  67  per  cent.,  the  second 
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of  bismuth  subnitrate  30  per  cent.,  white  wax  5  per  cent.,  paraffin 
5  per  cent.  (120°  melting  point),  and  vaselin  60  per  cent.  The 
vaselin,  wax,  and  paraffin  are  sterilized  by  boiling,  and  the  bismuth 
stirred  in  after  the  mixture  has  been  removed  from  the  fire.  As  the 
bismuth  gra\itates  to  the  bottom  the  mixture  should  be  heated  and 
stirred  before  using.  Care  should  be  taken  to  exclude  water,  as  it 
destroys  the  homogeneous  quality  of  the  mixture  and  interferes  with 
its  retention  in  the  sinus.  The  syringe  should  have  a  blunt  nozzle 
bke  that  of  a  urethral  syringe.  The  mouth  of  the  sinus  is  sterilized 
with  alcohol,  the  nozzle  of  the  charged  syringe  pressed  against  it, 
and  the  injection  made  until  the  patient  complains  of  pressure. 
A  piece  of  gauze  is  then  pressed  against  the  opening  until  the 
paste  has  set;  an  ice  bag  will  hasten  this  process.  The  first  prepa- 
ration is  used  for  diagnosis  (by  taking  a  radiogram  after  the  injec- 
tion) and  during  the  early  part  of  the  treatment,  the  second  prepara- 
tion when  it  is  desired  to  retain  the  paste  in  the  sinus  and  when 
there  is  no  danger  of  damming  up  pus.  Healing  may  follow  a  single 
injection,  or  it  may  be  necessary  to  repeat  the  injection  once  a 
week.  The  bismuth,  which  is  bactericidal  and  astringent,  is  absorbed 
and  replaced  by  fibrous  tissue.  If  septic  symptoms  supervene  the 
bismuth  may  be  dissolved  with  hot  olive  oil  and  withdrawn  with  a 
Bier  suction  pump.  More  than  100  grams  of  the  ;^;^  per  cent, 
paste  should  never  be  injected,  because  of  the  danger  of  bismuth 
poisoning  (stomatitis,  black  line  on  the  gums,  diarrhea,  cyanosis,  ne- 
phritis, emaciation).  According  to  Freilich  there  have  been  68 
cases  of  bismuth  poisoning  with  26  fatalities  after  the  Beck  method. 
In  the  vicinity  of  large  veins  the  possibility  of  embolism  should  be 
kept  in  mind.  No  matter  what  local  treatment  is  adopted  constitu- 
tional diatheses  should  receive  proper  attention. 

A  fistula  is  an  abnormal  canal  between  two  anatomical  cavities 
•internal  fistula),  or  between  an  anatomical  cavity  or  a  gland  and 
the  surface  of  the  body  (external  fistula).  The  tract  is  lined  with 
epithelium,  endothelium,  or  granulations,  or  partly  with  epi-  or 
endothelium  and  partly  with  granulations,  and  discharges  the  con- 
tents of  the  cavity  or  the  secretion  of  the  gland  with  which  it  com- 
municates. Fistulae  are  the  result  of  (i)  developmental  defects, 
eg.,  branchial  and  umbilical  fistulae;  (2)  injuries,  e.g.,  aerial,  sali- 
var}',  and  vesico- vaginal  fistulae;  (3)  disease,  e.g.,  urinary  and  anal 
^tulae;  and  (4)  purposive  operations,  e.g.,  gastric  and  biliary  fistulae. 
Each  of  these  will  be  considered  in  its  appropriate  place. 


CHAPTER  IX 

GANGRENE 

Mortification,  or  gangrene,  is  death  of  all  the  tissues  composing  a 
portion  of  the  body,  e.g.,  the  leg.  Death  of  the  soft  parts  alone  is 
called  sloughing,  or  sphacelation,  and  the  dead  tissue  a  slough,  or 
sphacelus.  The  terms  gangrene  and  sloughing,  however,  are  often 
used  interchangeably,  and  the  term  necrosis,  which  means  any  form 
of  local  death,  is  usually  restricted  by  the  surgeon  to  indicate  the 
death  of  a  visible  portion  of  bone,  the  dead  mass  being  called  a 
sequestrum. 

The  signs  of  gangrene  are  (i)  loss  of  arterial  pulsation;  (2)  loss  of 
heat,  the  temperature  of  the  part  becoming  that  of  its  surroundings; 
(3)  loss  of  sensation,  a  dead  Umb  may,  however,  have  pain  or  sensa- 
tion referred  to  it,  just  as  a  patient  whose  arm  has  been  amputated 
may  feel  pain  in  his  fingers;  (4)  loss  of  function;  (5)  loss  of  natural 
color,  the  part  becoming  pale,  then  purplish  or  greenish  in  moist 
gangrene,  and  black  in  dry  gangrene. 

According  to  the  changes  which  ensue,  gangrene  is  divided  into 
two  forms,  the  dry  and  the  moist. 

Dry  gangrene  {mummificaiion)  results  when  the  tissues  have  very 
little  -fluid  in  them  at  the  time  of  death.  It  is  usually  but  not  in- 
variably due  to  gradual  cutting  off  of  the  arterial  supply,  hence  is 
generally  chronic.  The  fluid  in  the  tissues  evaporates,  the  part 
becoming  dry,  hard,  wrinkled,  shriveled,  and  finally  deep  black  in 
color  (Fig.  61).  The  tissues  above  the  area  of  gangrene  are  usually 
inflamed.  The  odor  is  slight  unless  putrefactive  organisms  are 
present. 

Moist  gangrene  (Fig.  62)  occurs  when  the  tissues  are  full  of  flui^ 
at  the  time  of  their  death.  It  usually  follows  sudden  blocking  of  th< 
arterial  supply  or  the  venous  return,  hence  is  practically  alway^ 
acute.  There  is  great  swelling,  the  formation  of  blebs,  and  loosenini 
of  the  whole  epidermis.  Owing  to  putrefaction  the  color  change! 
from  white  to  purple,  and  finally  to  greenish  or  blackish,  and  th^ 
tissues  become  soft,  fetid,  and  sometimes  contain  gas.  Asepti^ 
moist  gangrene,  in  which  putrefaction  is  absent,  is  rarely  seen  by  thi 
surgeon,  but  should  be  striven  for  by  strict  antisepsis,  when  it  ^ 
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Itnown  that  a  part,  e.g.,  a  limb  after  ligation  of  the  main  artery,  is 
about  to  fall  into  moist  gangrene. 

Gangrene  tenniiiates  in  (i)  death  of  the  individual,  or  (2)  in 
separation  of  the  dead  part  from  the  living.  In  the  internal  organs  a 
small  aseptic  area  of  gangrene  may  be  absorbed  or  encysted.  On  the 
surface,  or  in  the  internal  organs  if  the  process  be  septic,  separation 
takes  place  by  ulceration,  the  line  between  the  living  and  dead 
tissues  being  called  the  line  of  demarcation. 

According  to  etiology  gangrene  may  be  classified  into  three 
groups:  fi)  Indirect  gangrene,  which  is  caused  by  interference  with 
the  blood  supply,  and  in  which  the  general  condition- of  the  patient  is 
usually  an  important  factor,  includes  (a)  senile,  (b)  pre-seAile, 
(c)  diabetic,  (d)  post-febrile,  (e)  Raynaud's,  (f)  ergot  gangrene, 
(g)  ainhimi,  (h)  gangrene  from  embolus,  (i)  ligature  of  the 
prindpal  artery  of  a  limb,  (j)  thrombosis  of  an  artery  the  result 
of  injury,  and  (k)  obstruction  of  the  principal  artery  and  vein;  (2) 
direct  gangrene,  the  result  of  direct  trauma  to  the  tissues,  includes 
gangrene  from  (a)  severe  crushes,  (b)  prolonged  pressure,  (c)  chemical 
mjories,  (d)  the  X-ray,  (e)  frost  bites,  and  (f)  burns  and  scalds; 
(3)  Mixed  or  microbic  gangrene,  in  which  the  tissue  cells  are  directly 
killed  by  bacterial  toxins  and  the  blood  vessels  occluded  by  thrombo- 
sis, includes  (a)  gas  gangrene,  (b)  hospital  gangrene,  and  (c)  noma. 

(i)  INDIRECT  GANGRENE 

fa)  Senfle  gangrene  is  the  result  of  obliterating  endarteritis,  and 
occurs  in  the  old,  in  whom  the  heart  is  generally  feeble  and  the  kid- 
ntys  diseased,  thus  contributing  to  the  impairment  of  nutrition.. 
It  is  most  frequent  in  the  lower  extremity,  but  occasionally  attacks 
tbe  upper  extremity  or  even  the  nose  and  ears.  The  arteries  become 
calcareous,  much  reduced  in  calibre,  and  inelastic.  The  actual  onset 
of  gangrene  is  often  determined  by  a  slight  injury  or  inflammation, 
which  induces  thrombosis  in  the  smaller  vessels;  or  a  thrombus  may 
fonn  in  the  artery  supplymg  the  part. 

The  prcxiromal  symptoms  are  coldness,  numbness,  tingling  or 
oamp-like  pains,  and  sometimes  intermittent  claudication.  The 
leg  fthc  part  usually  affected)  is  congested,  the  color  returns  slowly 
tfter  digital  pressure  and  the  pulse  at  the  ankle  is  very  faint.  The 
pngitne  starts  as  a  Uttle  area  of  inflammation,  which  usually  ulcerates 
ud  then  dries,  forniing  a  black  slough,  which  gradually  spreads  into 
tk  adjacent  tissues  and  assimies  the  characteristics  mentioned  under 
lirfguigrene.     The  *  surrounding  tissues  are  inflamed,  the  redness 
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becoming  purple,  and  finally  black  as  the  process  advances.  When 
tissues  are  reached  in  which  the  blood  supply  is  sufficiently  active  to 
prevent  thrombosis,  a  line  of  demarcation  forms.  Occasionally  a 
spurious  line  of  demarcation  will  begin  to  form,  but  the  gangrene 
advances  beyond  it.  Severe  pain  and  marked  exhaustion  are  ofteo 
present,  and  if  infection  occurs,  a  fetid  odor  arises  and  symptoms  oi 
sepsis  supervene.  Death  occurs  from  exhaustion,  septic  absorption, 
or  from  complicating  cardiac,  pvdmonary,  or  renal  disease. 

The  prophylactic  treatment  in  those  who  exhibit  prodroma 
symptoms  consists  in  avoidance  of  injury,  careful  attention  to  th< 
slightest  bruise  or  cut,  cardiac  stimulants,  nitroglycerin,  massage,  anc 
keeping  the  feet  warm  with  woolen  stockings  in  the  day  time  and  t 
warm  water  bag  at  night.  The  treatment  of  the  gangrene  itsel 
depends  upon  its  extent  and  the  general  condition  of  the  patient 
If  but  one  or  two  toes  are  affected  und  the  general  health  good 
one  should  wait  for  a  line  of  demarcation,  in  the  meantime  keeping 
the  foot  dry,  warm,  elevated  and  antiseptic.  In  order  to  preven 
the  spread  of  the  gangrene,  an  anastomosis  between  the  femora 
artery  and  vein,  to  permit  the  veins  to  carry  blood  to  the  under-nour 
ished  tissues,  has  been  tried  in  a  few  cases,  without,  ho  we  ver,encourag 
ing  results.  When  the  line  of  demarcation  forms,  the  casting  off  proces 
may  be  assisted  by  scissors,  and  the  remaining  ulcer  treated  antisep 
tically,  or  a  formal  amputation  may  be  performed.  If  the  gangren* 
spreads  to  the  foot  or  higher,  if  symptoms  of  sepsis  arise,  or  if  th 
general  condition  of  the  patient  is  such  that  he  will  not  withstand  th 
tedious  efforts  of  nature  to  rid  him  of  the  gangrenous  part,  intimediat 
amputation  should  be  performed  through  the  lower  third  of  th 
thigh,  as  at  any  lower  point  recurrence  of  the  gangrene  is  almos 
certain  to  follow.  The  deep  femoral  artery,  which  helps  to  nouns 
the  flaps  after  amputation  through  the  lower  thigh,  rarely  become 
atheromatous.  The  tissues  should  be  bruised  as  little  as  possible,  th 
flaps  made  of  the  same  length,  so  that  they  will  be  well  supplied  wit 
blood,  and  the  Esmarch  band  omitted,  as  it  favors  the  formation  of 
thrombus  in  the  femoral  artery.  This  disadvantage  of  elastic  cox: 
striction  contraindicates  also  the  Mosckcowitz  test  for  determining  i 
advance  the  probable  line  of  demarcation  (see  "Amputations, 
chap.  xxxi). 

(b)  Presenile  gangrene,  called  thromboangitis  obliterans  b 
Buerger,  is  the  same  as  senile  gangrene,  except  that  it  attacks  th 
young.  It  is  more  frequent  in  Hebrews  and  is  sometimes  confuse 
with  Raynaud's  gangrene.  The  treatment  is  that  of  senile  gangren< 
The  cause  of  the  arteritis,  if  ascertainable,  also  should  be  combated 
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(c)  Diabetic  gangrene  likewise  is,  in  most  instances,  due  to  an 
obliterating  endarteritis.  Sugar  in  the  blood  lessens  the  resistance 
of  the  tissues  and  acts  as  a  contributing  factor.  Some  believe  the 
cause  to  be  a  peripheral  neuritis.  The  gangrene  is  apt  to  be 
inaugurated  by  a  slight  wound,  which  becomes  infected  and  necrotic, 
the  process  extending  and  involving  the  whole  limb;  it  may  occur  in 
any  portion  of  the  body,  but  is  most  frequent  in  the  lower  extremity,  in 
the  latter  half  of  life.  It  may  be  dry  if  the  arterial  disease  is  far  ad- 
vanced, but  is  much  more  likely  to  be  of  the  moist  variety,  and  is 
then  often  very  rapid  in  its  progress.  The  treaimeni  is  that  of  senile 
ganprene.  Even  after  high  amputation  the  flaps  are  apt  to  become 
gangrenous,  and  many  cases  die  in  diabetic  coma  after  operation. 
Increased  blood  sugar  content;  albuminuria,  the  presence  of  ace- 
lone,  diacetic,  or  oxybutyric  acid  in  the  urine,  or  an  increase  in  the 
amount  of  ammonia  excreted,  makes  the  prognosis  particularly 
unfavorable.  The  symptoms  and  treatment  of  acidosis  or  aceto- 
nuria.  are  given  under  delayed  chloroform  poisoning  (see  '*  Anes- 
thesia"). In  order  to  prevent  acidosis  the  patient  should  not  be 
restricted  to  a  diabetic  diet  at  once,  but  gradually,  and  if  acetone 
or  diacetic  acid  appears  in  the  urine,  the  amount  of  sugar  in  the  diet 
should  be  inci  eased  and  sodium  bicarbonate  administered.*  A  local 
anesthetic  may  be  employed  to  lessen  the  danger;  if  a  general  anes- 
thetic is  used,  nitrous  oxid  and  oxygen  is  the  safest;  chloroform  is 
absolutelv  contraindicated. 

(d)  Post-febrile  gangrene  may  occur  during  the  convalescence 
from  any  fever,  especially  those  of  long  duration  like  typhoid.  It 
may  be  dry  or  moist,  and  is  due  to  arteriothrombosis  the  result  of 
endarteritis,  or  to  the  lodging  of  an  embolus.  The  occurrence  of 
gangrene  of  an  extremity  from  phlebitis  alone  is  doubtful.  The 
treatment  is  that  of  senile  gangrene. 

lej  Raynaud's,  or  symmetrical  gangrene,  is  a  form  of  dry  gangrene 
occurring  in  Raynaud's  disease,  which  is  a  vaso-motor  neurosis  most 
frequently  found  in  young,  anemic,  hysterical  females.  The  cause 
probably  lies  in  the  vaso-motor  centers.  It  usually  attacks  the 
lingers  or  toes,  occasionally  other  parts  of  the  body,  and  sometimes 
follows  exposure  to  cold,  sometimes  emotional  disturbances.  Hemo- 
globinuria and  scleroderma  occur  in  some  cases.  There  are  three 
stages:  (i  j  The  parts  become  white,  stiff,  and  painful  (local  syncope), 
owing  to  spasm  of  the  arterioles;  then  (2)  cold,  blue,  and  congested 
*local  asphyxia);  or  if  the  attack  terminates  in  this  stage,  red,  hot, 
and  swollen;  and  finally  in  unfavorable  cases  (3)  dry,  black,  and  anes- 
thetic (gangrene),  as  the  result  of  thromboarteritis.     The  process 
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usually  remains  superficial,  although  a  phalanx  may  become  necrotif. 
The  (reatmtnt  is  that  of  senile  gangrene,  and  attention  to  the  asso- 
ciated neurosis.  Thyroid  extract  is  occasionally  beneficial.  In  the 
first  stage  an  Esmarch  band  may  be  applied  above  the  afTected  part 
for  several  minutes;  when  it  is  removed  blood  rushes  into  the  paretic 
vessels. 

(f)  Ergot  gangrene  is  very  rare  at  the  present  time.  It  is  due  to  i 
spasmodic  contraction  of  the  arterioles,  from  eating  bread  made  with 
diseased  rye.  The  gangrene  is  dry  and  superficial,  but  may  spread 
rapidly  and  involve  an  entire  limb,  especially  if  there  is  associated 
arteriosclerosis 'and  infection.  The  fingers  and  toes  are  the  parts 
most  often  afTected.  The  Irealment  is  that  of  senile  gangrene,  m'th 
measures  for  promoting  the  elimination  of  the  ergot. 


fg)  Ainhum  (Fip.  (10)  is  ;i  peculiar  trophic  lesion  affecting  the 
little  toe,  rarely  the  other  toes  or  the  fingers.  It  almost  always 
iiltacks  negroes  and  is  confined  to  tropical  and  subtropical  countries. 
A  furrow  of  callous  tissue  forms  around  the  base  of  the  toe  and 
slowly  deepens  until  the  toe  falls  off.  Division  or  excision  of  this 
furrow  may  be  of  service,  but  amputation  is  the  usual  result. 

(h)  Gangrene  from  Embolus. —  In  the  lower  extremity  an  embolus 
usually  lodges  at  the  bifurcation  of  the  femoral  or  the  popliteal,  in  the 
upper  extremity  at  the  point  where  the  superior  profunda  is  given  off 
or  at  the  bifurcation  of  the  brachial.  As  ligature  of  the  main  artery 
of  a  limb  is  usually  insufficient  of  itself  to  cause  gangrene,  so  with  the 
lodgment  of  an  embolus;  the  collateral  circulation  is  likely  to  be 
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led  unless  there  be  a  previous  diminution  in  the  vitality  of 
t.  e.g..  from  cardiac  disease,  endarteritis,  or  an  associated 
disease.     The  symptoms  and  general  facts  of  embolism  are 

chap.  XV.  Owing  to  the  sudden  cutting  off  of  blood  pres- 
nous  blood  surges  back  into  the  limb,  which  becomes  bluish, 

edematous,  and  fmally  the  seat  of  moist  gangrene.  Drj' 
e  (Fig.  61),  however,  occasionally  follows,  particularly  if  there 
n  previous  chronic  malnutrition  of  the  limb  the  result  of 
itis.     The  treatment  is  that  of  senile  gangrene.     In  order  to 

or  to  limit  embolic  gangrene  we  have  in  three  cases  incised 
■ry  (two  femoral,  one  abdominal  aorta)  and  removed  the 
,  subsequently  suturing  the  wound  in  the  vessel. 


Plii.  Oi. — Dry  Eansrenc  from  embolus. 

hmgrene  from  ligature  of  theprincipalarteryofalimb  seldom 

if  the  general  health  is  unimpaired  and  the  limb  sound.  The 
■neral  fads  apply  here  as  in  gangrene  from  embolus.  Except 
gency  cases  it  is  a  good  plan  to  compress  the  artery  at  inter- 
several  days  before  ligation,  in  order  to  encourage  the  forma- 
in  efficient  collateral  circulation.  In  many  instances  there  i;- 
i  one  or  two  toes,  the  result  of  dry  j;anRri'ne.  Thf  Irfutiunil 
>i  senile  gangrene, 

Gangrene  from  thrombosis  of  an  artery  thercsulluf  injury  oi- 
ly occurs,  the  symptoms  iind  treatment  being  practically 
I  with  those  of  embolic  gangrene.  Lejar^  and  the  author 
jh  opened  the  femoral  artery,  removtd  a  thrombus,  and  then 
the  vessel.  In  each  case  the  thmmbosis  rwurred  an<l  the 
s  amputated  for  gangrene. 
Dbstruction  of  the  principal  artery  and  vein,  the  rt:>uU  oi 
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iigature  or  injury,  is  almost  sure  to  be  followed  by  gangrene.  1 
is  the  form  of  gangrene  which  occurs  in  strangulated  hernia  and  i 
limb  which  is  tightly  constricted  by  bandages.  When  a  large  art 
has  been  wounded,  the  venae  comites  may  be  obstructed  by 
extravasated  blood.  The  gangrene  is  of  the  moist  variet>. 
treatment  in  cases  complicated  by  serious  crushing  of  the  surround 
parts  is  immediate  amputation;  in  other  cases  one  should  wait  f( 
line  of  demarcation,  unless  the  occurrence  of  sepsis  prevents  sue 
course. 

(a)  DIRECT  GANGRENE 

(a)  Severe  crushes  (Fig.  62),  such  as  are  produced  bymachin 
and  railroad  accidents,  n 
directly  destroy  the  tissi 
which  if  allowed  to  rem; 
putrefy,  the  gangrene  bein; 
the  moist  variety.  The  tr. 
ment  is  immediate  amputal 
(see  "Amputations")- 

(b)  Gangrene  from  p 
longed  pressure  is  seen  prii 
pally  in  bed  sores  and  after 
use  of  improperly  app! 
splints.  The  so-called  Irof 
gangrene  usually  occurs  in  p; 
which  have  been  deprived 
i  sensation,  and  in  these  case 
the  result  of  pressure  or  irr 
rtr..  6j.-.Mc,.t  Ka„Hr.no  ir„.,.  injury.       ^^^^  ^^^^  continues  simply 

cause  the  patient  does  not  know  of  its  existence;  vaso-motor  par 
is  a  secondary  factor.  Gangrene,  the  result  of  pressure  from  splii 
bandages,  or  apparatus,  is  generally  the  result  of  carelessness, 
occasionally  occurs  when  such  accusation  cannot  be  made  » 
justice,  for  instance,  in  an  old  person  with  badly  diseased  arteries 
in  a  limb  in  which  the  vessels  have  been  occluded  by  an  inji 
In  all  injuries  one  should  examine  the  vessels  before  appljin: 
splint  or  a  bandage.  The  gangrene  is  generally  superficial  (slouf 
but  may  extend  deeply  and  widely  if  the  parts  become  septic.  ' 
sloughs  are  allowed  to  separate  under  antiseptic  dressings,  and 
ulcer  is  skin  grafted  to  hasten  healing  and  prevent  contractures 
Bed  sores  (decubitus,  decubital  gangrene)  are  the  result 
prolonged  pressure  on  tissues  whose  resistance  is  impaired,  usu 


:a.^ 3ff 


6.1- — rarKilic  adil  Kiin.jrcr.c.  A  stJlinti  r  wrmnd  nt  Ihc  finger  w  as  treated  by  Ihp 
ion  of  .1  solution  ol  carlmlic  atitl  uf  unkncni-n  sircnBil;  rnr  five  hours,  atthccndof 
me  the  finacr  was  eolil,  while,  and  numli.      Amiiiitalion. 
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by  a  protracted  general  illness.     They  are  most  apt  to  occur  over 
bony  prominences,  such  as  the  occiput,  scapulae,  elbows,  sacrum, 
trochanters  (Fig.  229),  and  heels.     At  first  the  part  becomes  red, 
ani  in  the  center  of  the  red  area  appears  an  excoriation  or  small 
i)lister.  which  is  soon  rubbed  off;  the  resulting  ulcer  spreads  into  the 
surrounding  tissues,  or  a  large  slough  forms.     In  neglected  cases  or 
in  cases  in  which  there  is  impairment  of  sensation,  the  sore  rapidly 
increases  in  extent  and  depth,  and  may  involve  even  the  bone,  in 
which  event  exhaustion  and  death  may  follow  from  severe  pain  and 
septic  absorption,  or,  if  recovery  ensues,  healing  may  not  occur  for 
months  or  even  years.     In  disease  or  injury  of  the* nervous  system, 
especially  fractures  of  the  spine,  bed  sores  may  appear  within  a 
day  or  two  (acute  bed  sores).     The  prophylactic  treatment  consists  in 
changing  the  position  of  the  patient,  so  as  to  give  as  much  rest  as 
possible  to  the  parts  exposed  to  pressure,  and  the  use  of  circular  air 
cushions,  or  of  a  water  or  air  bed;  these  should  be  neither  too  full, 
which  makes  them  too  hard,  nor  too  empty,  which  allows  the  body 
to  rest  on  the  bed  supports.     Parts  exposed  to  pressure  should  be 
inspected  frequently,  and  the  circulation  maintained  by  rubbing 
with  salt  and  whisky  (a  tablespoonful  to  the  pint) ,  or  with  alum  and 
alcohol  (15  grains  to  the  pint),  followed  by  powdering  with  talcum, 
boric  acid,  or  stearate  of  zinc.     The  sheet  should  be  kept  clean  and 
smooth,  rough  handling  avoixied,  hot  water  bags,  if  used,  applied 
Hith  great  caution,  and  special  care  taken  that  no  particles  of  food 
lind  their  way  beneath  the  patient.     If  the  sheet  becomes  soiled  with 
urine  or  feces,  or  wet  with  perspiration,  it  should  be  changed  at  once. 
If  there  is  incontinence  of  urine  a  permanent  urinal  may  be  used. 
\Mien  redness  or  congestion  is  first  noticed,  the  skin  may  be  protected 
by  collodion,  soap  plaster,  or  a  thick  layer  of  some  bland  ointment. 
Irritants  of  all  sorts  should  be  avoided.     After  the  sore  has  formed 
it  should  be  cleansed  with  peroxid  of  hydrogen,  half  strength,  and 
bichlorid  of  mercury,  i  to  2000.     Sloughs  should  be  removed  and 
>inuses  opened.     In  very  large  bed  sores  the  patient  may  be  placed 
wi  a  continuous  bath,  as  advised  for  burns.     Healing  may  be  stimu- 
lated as  already  indicated  in  the  section  on  ulcers. 

fcj  Corrosive  chemicals  directly  destroy  the  tissues.  Carbolic 
<icid  gangrene  (Fig.  63)  requires  special  notice,  because  it  may  follow 
the  continuous  application  of  even  a  weak  solution  (1-20),  especially 
if  the  drug  is  confined  by  an  impervious  covering  under  a  tight  band- 
age. As  carbolic  acid  induces  anesthesia,  the  mischief  may  not  be 
suspected  if  the  dressing  remain  undisturbed.  The  condition  is 
Diost  frequently  seen  in  a  finger  or  toe,  and  is  of  the  dry  variety . 
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If  an  entire  finger  or  toe  be  gangrenous,  wait  for  a  line  of  demarcation 
and  amputate.  If  the  superficial  parts  only  are  affected,  assist 
separation  of  the  slough  with  hot  fomentations  and  remove  it  with 
scissors. 

(d)  X-ray  gangrene  is  considered  in  chap,  i,  (e)  frost  bites  and 
(f)  burns  and  scalds  in  chap.  xi. 

(3)  MICROBIC  GANGRENE 

Infective  gangrene  occurs  in  various  parts  of  the  body,  and  may 
be  localized  or  diffuse.  The  localized  form  (e.g.,  carbuncle,  necrosis 
of  bone)  is  described  in  subsequent  chapters.  The  diffuse  form  has, 
according  to  the  character  of  the  infection  and  the  resistance  of  the 
tissues,  numerous  gradations  (see  ** Cellulitis")*  but  only  three 
varieties  will  be  considered  at  this  time. 

Gas  gangrene  (emphysematous  gangrene,  malignant  edema)  is  due 
to  the  action  of  saprophytes  on  devitalized  tissue,  especially  muscle. 
The  infection  is  always  a  mixed  one,  the  suppuration  depending  upon 
the  ordinary  pyogenic  bacteria,  especially  the  streptococcus,  and  the 
emphysema  upon  the  saprophytes.  The  latter,  with  the  exception 
of  the  colon  group,  are  anaerobes  and  grow  symbiotically  with  the 
aerobes.  The  anaerobes  may  be  divided  into  two  classes,  (i)  the 
saccharolytic,  of  which  the  B.  aerogenes  capsulatus  is  the  most 
important  member,  and  (2)  the  proteolytic,  represented  by  the  B. 
sporogenes.  (i)  The  B.  aerogenes  capsulatus  of  Welch,  the  most 
important  cause  of  gas  gangrene,  is  identical  with  the  B.  phlegmonis 
emphysamatosae  of  Fraenkel  and  the  B.  perfringens  of  Veillon. 
The  glycogen  of  living  muscle  is  converted  after  death  into  dextrose 
and  a  small  fraction  of  isomaltose  (Henry),  which  are  fermented  by 
the  B.  aerogenes  capsulatus,  resulting  in  the  formation  of  acid 
(butyric,  acetic,  lactic,  proprionic)  and  gas.  The  bacillus  produces  an 
ectotoxin  (Bull  and  Prichett),  which,  by  necrosing  adjacent  tissue. 
provides  for  the  further  invasion  of  the  organism.  Necrosis  is 
favored  also  by  the  pressure  of  the  gas,  the  inflammatory  exudate, 
and  in  many  cases  by  the  damaged  blood  supply.  (2)  The  B. 
sporogenes  is  closely  related  to,  if  not  the  same  as,  the  bacillus  of 
malignant  edema,  the  vibrion  septique,  the  B.  putrificus,  the  B. 
cadaveris  sporogenes.  It  grows  symbiotically  with  the  B.  of  Welch, 
and  acts  on  proteins,  breaking  them  down  into  amido-acids,  from" 
which  the  amin  group  is  separated,  yielding  ammonium  salts  of  the 
fatty  acids.  *'  It  is  probable  that  these  and  some  of  the  intermediate 
by-products  play  some  part  in  the  local  spread  of  the  infection,  and 
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also  assist  in  producing  general  toxic  symptoms**  (Petrie).     Of  the 
various  other  saprophytes  that  have  been  found  in  cases  of  gas  gan- 
grene, most  are  nonpathogenic,  though  some  are  thought  to  aid  in 
the  growth  of  the  forms  mentioned  above.     Gas  gangrene  is  excep- 
tional in  ciWl  life,  but  proved  during  the  war  to  be  a  frequent  com- 
plication of  shell  wounds  involving  the  muscles.     The  infecting 
bacteria  are  of  fecal  origin,  hence  numerous  in  cultivated  soil,  and 
in  the  clothing  and  on  the  skin  of  soldiers  in  the  trenches.     A  shell 
fragment  often  lodges  and  carries  with  it  into  the  body  pieces  of 
contaminated  clothing  or  skin;  in  addition  a  shell  wound  of  muscle 
provides  all  the  conditions  needed  for  the  development  of  saprophytic 
anaerobes,  namely  (i)  dead  tissue,  which  is  (b)  rich  in  glycogen,  and 
•c  shut  off  from  the  air  in  irregular  pockets.     Gas  gangrene  is  most 
frequent  in  the  lower  limb  and  about  the  buttocks,  and  very  rare  in 
the  head  and  neck.     It  may  spread  longitudinally  in  a  single  muscle 
without  affecting  neighboring  ones,  but  if  the  principal  artery  is 
occluded  all  of  the  muscles  which  it  supplies  are  involved  simultane- 
ously.   When  a  large  hematoma  is  infected,  the  symptoms  may, 
owing  to  the  defensive  powers  of  fresh  serum,  be  delayed  for  several 
days.    At  autopsy  the  bacilli  and  the  gas  are  found  in  the  heart 
and  the  blood  vessels,  although  during  life  blood  cultures  are  often 
sterile. 

The  symptoms  are  those  of  moist  gangrene  with  emphysema. 
The  period  of  incubation,  and  in  fatal  cases  the  duration  of  the  dis- 
ease, vary  from  a  few  hours  to  several  days.  The  wound  is  covered 
with  sloughs,  emits  a  sweetish  foul  odor,  and  discharges  a  thin  brown 
>€rum.  The  surrounding  parts  are  swollen  and  painful.  In  the 
beginning  the  skin  becomes  tense  from  pressure,  consequently  pale, 
the  pallor  being  succeeded  by  a  dirty  cream  tint.  Then  appear  areas 
of  purple,  which  enlarge,  coalesce,  and  develop  blebs  containing  a 
blood-stained  fluid.  In  the  final  stage  the  color  of  the  skin  is  a  dark 
yellow-green  or  black.  Bronzing  is  less  frequent  on  the  limbs  than 
on  the  body.  The  muscles  change  from  the  normal  red-purple  color 
to  brick  red  (red  death),  then  to  yellow-green,  and  finally  to  greenish 
black  (black  death);  in  the  stage  of  red  death  they  are  noncon- 
tractile.  friable,  crepitant;  in  the  final  stage  glistening,  soft,  putty- 
like 'Wallace).  The  gas  makes  itself  known  by  fetor,  by  crepitation 
on  pressure,  by  tympany  on  prccussion,  by  bubbling  through  the 
vound  or  through  an  incision,  and  by  the  light  areas  which  it  casts 
on  X-ray  examination.  The  general  symptoms  are  those  of  septi- 
cemia. The  mortality  varies  from  lo  to  50  per  cent,  or  more, 
^Jtpending  upon  the  extent  of  the  gangrene  and  the  time  of  the 
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treatment.     The  most  frequent  complication  is  tetanus,  which  ac- 
cording to  Weinberg  and  Sequin,  occurs  in  13  per  cent,  of  the  cases. 

Prophylaxis,  after  the  wound  has  been  received,  includes  measures 
to  relieve  or  prevent  embarrassment  of  the  circulation,  e.g.,  the 
reduction  and  immobilization  of  fractures,  and,  if  possible,  avoidance 
of  the  tourniquet;  and  the  early  removal  of  foreign  bodies,  with  the 
excision  of  destroyed  tissue,  and  relief  of  the  tension  within  the 
muscle  sheaths  by  generous  incisions  that  liberate  the  gas  and 
extravasated  fluids. 

The  treatment  is  immediate  operation  under  nitrous  oxid  anesthe- 
sia. If  the  process  is  localized  to  a  single  muscle  or  a  small  group  of 
muscles,  the  diseased  tissue  may  be  excised,  the  resection  being  ex- 
tended until  the  color,  contractility,  and  bleeding  of  the  muscular 
tissue  are  normal.  Amputation  is  indicated  if  the  gangrene  is  so 
extensive  that  resection  would  result  in  a  useless  limb,  if  the  principal 
blood  vesels  have  been  destroyed,  if  the  patient  is  in  bad  condition, 
and  in  many  cases  in  which  the  bone  is  fractured.  Amputation  may 
be  performed  by  the  guillotine  method  (see  " Amputations'')?  or 
with  short  flaps.  After  any  of  these  procedures  no  sutures  are 
inserted,  and  the  wound  is  treated  by  the  Carrel-Dakin  method  or 
one  of  its  substitutes.  The  general  treatment  is  that  of  sepsis. 
Several  antitoxins  have  been  tried,  but  sufiicient  data  are  lacking 
to  make  a  positive  statement  as  to  their  value. 

(c)  Noma  is  a  gangrenous  process  occurring  most  often  between 
the  second  and  twelfth  years.  Cancrum  oris  {gangrenous  stomatitis) 
is  noma  of  the  mouth  (Fig.  64) ;  noma  pudendi  is  the  same  process  in 
the  genitals;  the  condition  occasionally  occurs  in  other  parts.  About 
half  of  the  cases  follow  measles,  but  it  may  be  seen  after  other  in- 
fectious diseases,  and  occasionally  in  diabetes  and  nephritis.  A 
specific  organism  has  not  been  isolated.  The  sloughing  is  probably 
due  to  the  ordinary  pyogenic  bacteria  acting  on  tissues  whose  defen- 
sive powers  have  been  reduced  by  the  preceding  disease. 

The  symptoms  are  inaugurated  by  an  abrasion  of  the  mucous 
membrane,  which  becomes  inflamed  and  finally  sloughs.  The  part 
swells  and  becomes  extremely  fetid,  but  pain  is  not  a  prominent 
feature.  The  gangrene  rapidly  makes  its  way  through  the  whole 
cheek,  and  may  involve  even  the  adjacent  bone.  The  general 
symptoms  are  those  of  sepsis  (q.v.) ;  occasionally  pyemia  arises  from 
involvement  of  the  facial  vein.  Inhalation  penumonia  is  very  apt 
to  develop.  Often  the  temperature  falls  to  normal  or  subnormal 
before  death,  which  occurs  in  from  70  to  90  per  cent,  of  the  cases. 

The  treatment  is  removal  of  the  slough  with  scissors,  and  cauteri- 
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ii\m  with  the  actual  cautery,  or,  after  protecting  the  throat  with 
gauze,  mth  nitric  acid  or  carbolic  acid,  neutralizing  the  excess  of 
ihe  former  with  sodium  bicarbonate,  of  the  latter  with'  alcohol.  A 
general  anesthetic  should  be  used  for  this  purpose,  remembering  that 
rhloroform.  and  not  ether,  must  be  given  if  the  actual  cautery  is  to  be 
employed.     The  mouth  is  frequently  washed  with  boric  acid  solu- 


Uon  or  liquor  antisepticus.  Hot  antiseptic  fomentations  of  boric 
add  are  applied  to  the  exterior,  and  the  patient  is  given  nourishing 
liquid  food,  with  alcohol,  iron,  and  strychnin.  If  recovery  ensues, 
the  loss  of  tissue  may  be  supplied  by  a  plastic  operation.  In  noma 
pudendi,  in  addition  to  the  measures  already  mentioned,  the  patient 
may  be  placed  in  an  antiseptic  bath. 


CHAPTER  X 

CONTUSIONS  AND  WOUNDS 

Mechanical  injuries  of  the  tissues  are  of  two  kinds,  contusions  and 
wounds. 

A  contusion  is  an  injury,  generally  the  result  of  blunt  violence, 
in  which  some  of  the  tissues  of  a  part  are  irregularly  torn  or  ruptured, 
but  the  part  as  a  whole  remains  intact  and  its  surface  continuity 
unbroken.  It  may  occur  in  any  region,  but  here  we  refer  only  to 
contusions  of  the  skin  and  subjacent  cellular  tissue.  Contusions  of 
special  structures  are  discussed  on  subsequent  pages. 

The  symptoms  are  pain,  tenderness,  swelling,  discoloration, 
impaired  function,  and  in  severe  forms  shock.  In  some  instances 
there  is  pronounced  numbness,  which  may  last  for  a  number  of  hours. 
The  swelling  is  due  partly  to  exudation,  but  principally  to  subcu- 
taneous bleeding  (extravasation),  the  blood  either  infiltrating  the 
tissues  (ecchymosis,  or  sugillation)  or  accumulating  as  a  localized 
fluctuating  swelling  (hematoma).  An  ecchymosis  when  minute  is 
called  a  petechia,  when  very  large  a  suffusion.  The  amount  of  blood 
extra vasatcd  varies  with  the  size  of  the  vessels  injured  and  the  con- 
struction of  the  part,  thus  in  lax  tissues,  e.g.,  the  scrotum  and  eyelids, 
it  is  generally  extensive,  in  the  scalp  slight.  It  is  apt  to  be  excessive 
in  the  delicate,  in  females,  in  hemophilia  and  allied  conditions,  and  tri- 
fling in  the  robust.  The  blood  in  an  ecchymosis  soon  coagulates  and 
is  disintegrated  and  absorbed;  the  red  corpuscles  liberate  pigment, 
which,  as  seen  through  the  skin,  is  at  first  black,  then  blue,  changing, 
as  absorption  progresses,  to  brown,  green,  yellow,  and  finally  disap- 
pearing. A  hematoma  is  surrounded  by  a  deposit  of  fibrin,  so  that 
the  edges  feel  hard  and  the  center  soft ;  it  may  be  absorbed,  converted 
into  a  fibroid  mass,  become  inspissated  and  calcified,  result  in  a  cyst, 
or  suppurate.  A  hematoma  differs  from  an  abscess  in  that  it  appears 
immediately  after  an  injury  without  signs  of  inflammation,  and  is  at 
first  soft  and  later  hard,  while  an  abscess  is  first  hard  and  later  soft. 
A  contusion  may  terminate  in  resolution,  inflammation,  suppuration, 
sloughing,  fibroid  thickening,  or  tumor  formation,  particularly 
sarcoma,  and  it  sometimes,  by  establishing  a  point  of  lessened  re- 
sistance, determines  the  site  of  chronic   infective  lesions,  notably 

tuberculosis.     The  possibility  of  a  complicating  injury  to  important 
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vesseb  or  nerves,  to  muscles,  tendons,  bones,  joints,   and  viscera 
should  always  be  kept  in  mind. 

The  treatment  of  ccntusioxis  is  first  to  combat  shock,  if  it  be 
present,  and  locally,  to  check  bleeding  and  limit  swelling,  by  means 
oi  ice.  evaf>orating  lotions,  compression,  elevation,  and  rest.  In  the 
asthenic,  and  in  severe  contusions  in  which  there  is  danger  of  slough- 
ing.  heat  with  very  moderate  compression,  should  be  employed.  In 
the  presence  of  an  abrasion  hot  or  cold  antiseptic  dressings  should  be 
applied.  During  the  subsiding  stage  ichthyol,  compression,  and 
massage  will  hasten  absorption.  Incision  is  not  indicated  unless  a 
large  vessel  has  been  injured,  or  unless  the  tension  is  so  great  as  to 
threaten  sloughing.  If  a  hematoma  persists,  it  may  be  aspirated 
and  firm  compression  applied.  The  slight  fever  which  results  from 
the  absorption  of  the  fibrin  ferment  of  the  extra vasated  blood  needs 
no  special  treatment. 

A  wound  is  a  mechanical  injury  with  a  breach  in  the  surface 
continuity.  Wounds  may  be  incised,  contused,  or  lacerated; 
punctured;  gunshot;  aseptic,  contaminated  (see  ** Infection,"  chap. 
iii>.  or  septic  (infected);  poisoned;  complicated  or  uncomplicated; 
penetrating  (which  enter  but  do  not  go  through  a  part)  or  perforating 
^which  go  entirely  through  a  part);  open  or  closed  (subcutaneous  or 
submucous).  Closed  wounds  include  ruptures  of  muscles,  viscera, 
etc..  and  fractures  of  bones.  An  abrasion,  or  excoriation,  is  a  rub- 
bing off  of  the  epidermis  without  breaking  of  the  corium,  a  brush 
hum  a  superficial  contused,  lacerated,  burned  wound  caused  by  fric- 
tion and  the  resulting  heat,  as  when  an  individual  rapidly  slides 
down  a  steep  incline. 

The  symptoms  of  uncomplicated  wounds  are  pain,  hemorrhage, 
gaping  of  the  edges,  loss  of  function,  and  in  severe  wounds  shock. 

The  steps  in  the  treatment  that  may  be  needed  should  proceed 
in  the  following  order:  (i)  temporary  hemostasis,  (2)  attention  to 
the  shock,  (3)  disinfection  (mechanical  and  chemical)  and  permanent 
iH^ostasis,  (4)  suture,  (5)  drainage,  (6)  dressing,  (7)  rest. 

I.  TenqK)rary  hemostasis  Ms  affected  usually  by  direct  pressure 

or  the  application  of  a  tourniquet  (see  ** Hemorrhage,'*  chap.  xv). 

:.  Shock  is  treated  as  outlined  in  chap.  xii.     Its  presence  forbids, 

a>  a  rule,  anything  more  than  provisional  control  of  the  bleeding 

and  the  application  of  a  temporary  dressing. 

).  Disinfection  in  many  cases  can  be  accomplished  only  after 
the  administration  of  an  anesthetic.  The  skin  and  the  wound  are 
<rftcn  painted  with  iodin  (chap.  iv).  Mechanical  disinfection,  i.e., 
'wnoval  of  foreign  bodies  and  devitalized  tissue,  or  excision  of  the 
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whole  wound,  may  be  needed.  Chemical  disinfection  may  be  em- 
ployed, as  indicated  later.  Permanent  hemostasis,  generally  by 
ligation,  must  be  assured  (chap.  xv). 

4.  The  margins  of  the  wounds  may  be  coaptated  by  bandaging,  by 
sterilized  adhesive  plaster,  by  gauze  plastered  down  with  collodion, 
or  by  small  metal  clips  with  serrated  edges  {Michel  clamps)  which  are 
applied  and  removed  with  special  forceps,  but  these  measures  are 
not  nearly  so  satisfactory  as  sutures.  Deep  parts  should  be  approxi- 
mated with  buried  sutures  of  catgut.  When  the  edges  tend  strongly 
to  retract,  or  when  a  wound  is  deep,  two  varieties  of  sutures  will  be 
required,  viz.,  deep  sutures  {retention  sutures,  or  sutures  of  relaxation) 
and  superficial  sutures,  or  sutures  of  coaptation  (Fig.  65).  Retention 
sutures  are  usually  of  silkworm  gut,  but  may  be  of  silk  or  silver  wire; 
they  are  inserted  an  inch  or  more  from  the  margins  of  the  wound, 


«[ 


Pig.  65. — On   the  left  a  continuous  Glover's  suture.     In  the  middle  one  deep  and 
two  superficial  interrupted  sutures.     On  the  right  continuous  button  hole  suture. 

traverse  the  entire  thickness  of  the  divided  parts,  and  are  then  tied. 
The  button  suture,  the  quill  suture,  and  the  twisted  suture  (Fig. 
66)  are  varieties  of  the  retention  suture.  Superficial  sutures  are 
inserted  near  the  margins  of  the  wound  for  coaptation  only;  they 
should  not  be  tight  enough  to  produce  wrinkling  or  to  invert  the 
edges  of  the  skin.  In  the  former  instance  stitch  abscess  is  fostered, 
in  the  latter  healing  is  prevented.  We  frequently  employ  a  combined 
retention  and  coaptation  suture  as  shown  in  Fig.  67.  The  interrupted 
suture  consists  of  separate  stitches,  tied  so  that  the  knot  rests  over 
one  of  the  suture  holes,  and  not  on  the  wound.  The  continuous  or 
Glover  ^s  stitch  (Fig.  65)  traverses  the  entire  length  of  the  wound 
without  interruption.  The  button-hole  stitch  (Fig.  65)  makes  tension 
at  right  angles  to  the  wound.  When  desirable  a  continuous  suture 
may  be  tied  after  each  insertion  (Fig.  68).  The  Halsted  subcuticular 
suture  (Fig.  69)  is  a  continuous  suture  inserted  into  the  deeper  layers 
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of  iht  >kin.  but  not  penetrating  the  epidermis.  Catgut  is  the  best 
malcrial  for  this  suture,' although  silkworm  gut  or  silver  wire  is  often 
u-tfl,  the  ends  being  left  long  and  protruding  from  each  angle  of  the 


-it  ifco, «. 


,  B.  Middle  Quill  suture,  C,  Lower  twisted  sutt 
n  and  coaptation  suture.  The  needle  is  inserted  ai 
einserted  at  3,  and  emerges  at  4,  passing  through  the  loop  al 
t  holds  the  wound  edges  firmly  togather  and  prevents  ir 
n  the  lower  p^rt  of  the  illustration. 


■'lund.  so  that  it  may  be  removed  when  healing  is  complete.  The 
suture  gives  a  fine  cicatrix  without  the  presence  of  suture  scars. 
Theoretically  the  staphylococcus  epidermidis  albus  lies  undisturbed 


— Pord'ssuture:  showingtwi-j 
^-■ni.  j>ingle  knot,  and  the  method  < 
^'■-:ii(  1  square  knot.     (DaCosta.) 


"1  Ihe  superficial  layers  of  the  skin  and  does  not  cause  stitch  abscesses. 
Care  should  be  taken  to  approximate  the  deeper  structures  with  cat- 
pH  or  to  apply  firm  pressure,  so  that  the  dead  space  beneath  will  be 
"Mterated  and  the  formation  of  a  hematoma  prevented.     Other 
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varieties  of  sutures  are  described  in  connection  with  the  operation: 
for  which  they  are  used.  Sutures  should  be  tied,  not  in  a  grannj 
knot  (Fig.  70),  but  in  a  reef  knot  (Fig.  71),  or,  if  there  is  much  tension 
in  a  surgeon's  knot  (Fig.  72).  Sutures  are  removed  in  from  sevei 
to  ten  days,  or  at  any  time  if  they  cut  or  the  wound  becomes  infected 
In  removing  a  suture  the  exposed  portion  should  not  be  draggec 
through  the  tissues,  because  of  the  possibility  of  infection  (Fig.  73) 
5.  Drainage  is  discussed  in  the  chapter  on  '*  Technic." 


Fig.  70. — Granny  knot.  Fig.  71.— Reef  knot.         Fig.  72.— Surgeon's  knot. 

6.  The  dressing,  if  the  wound  is  closed,  is  dry  sterile  gauze,  re 
tained  in  place  by  a  bandage  or  binder.  In  infected  wounds  a  dress 
ing  wet  with  bichlorid  of  mercury,  1--5000,  or  other  antiseptics,  ma; 
be  employed. 

7.  Rest  is  secured  by  confining  the  patient  to  bed,  in  serious  cases 
or  by  splints,  slings,  sedatives,  etc.  Reference  has  already  been  mad 
to  some  of  the  complications  of  wounds,  viz.,  inflammation,  suppura 

tion,  and  gangerene,  others  are  dis 
cussed  in  Chap.  xii. 

Incised  wounds  are  those  ii 


which  the  edges  are  cleanly  cu 
and    sharply    defined;    they   ar 
usually  produced  by  keen  instru 
Pic.  73.-One  side  of  the  suture 'is    mcnts,  but  Occasionally  by  blun 

drawn  out  of  the  tissues  a  short  distance     force,  e.g.,  the  clean-CUt  WOUnd  C 

and  cut  close  to  the  skin.     Steady  trac-  °  ^ 

tion    perpendicular   to   the    skin,    in    the     the  SCalp    which    may   reSUlt   fror 

direction  of  the   arrow,  is  then  made  on      .1  ^  1  1^ r^t  «  ^K.K        T>»:*«  Ic  c^^rw^w 

the  other  side,  holding  back  the  skin,  if     ^he  bloW  of  a  club.       Pam  IS  SeVCI 

need  be,  with  the  separated  blades  of  the     at  the  time  of  iujury,    but  USUall 
scissors.  1.1  .11         t_i        !• 

subsides  quickly;  bleeding  is  pre 
fuse  because  the  vessel  walls  have  not  been  squeezed  together  bu 
cleanly  severed.  The  gaping  depends  upon  the  length  and  situatio 
of  the  wound,  being  wide  when  the  wound  crosses  and  slight  whe 
it  parallels  muscle  fibres  or  a  line  of  "cleaveage"  in  the  skin,  whic 
line  is  often  marked  by  a  wrinkle.  The  amount  of  bruising  pres 
ent  is  only  miscroscopic,  so  that  with  reasonable  precautions  an  ir 
cised  wound  heals  by  first  intention. 

Treatment. — ^Bleeding  ceases  spontaneously  if  no  large  ves» 
has  been  injured.     If  a  large  vessel  has  been  injured,  it  may  b 
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caught  at  once  with  hemostatic  forceps,  compressed  with  a  sterile 
sponge,  or  controlled  by  a  tourniquet  above  the  wound.  In  the 
meantime  measures  should  be  taked  to  combat  shock  if  it  be  present. 
.\fter  careful  disinfection  a  thorough  examination  is  made  to  deter- 
mine the  amount  of  injury  done.  Divided  nerves,  tendons,  or 
muscles  may  be  seen  in  the  wound,  sensation  and  motion  may  be  in- 
vestigated in  the  parts  beyond  the  wound.  If  any  of  these  structures 
have  been  severed,  they  are  to  be  sutured  with  chromicized  catgut. 
Drainage  is  seldom  necessary. 

A  contused  wound  is  one  whose  edges  are  bruised  as  the  result 
of  a  cnishing  or  tearing  force.  A  lacerated  wound  is  one  whose  edges 
are  irregular  or  torn,  and  is  produced  in  the  same  way  as  a  contused 
wound.  Since  contusion  and  laceration  are  commonly  associated, 
these  wounds  will  be  discussed  together.  The  bleeding  is  often 
lri\Tal,  owing  to  the  fact  that  the  vessels  are  torn;  the  inner  and 
middle  coats  give  way  first,  curl  up,  and  plug  the  vessel.  In  other 
cases  the  vessels  are  crushed,  and  the  walls  adhere  to  each  other 
with  sufficient  firmness  to  stop  hemorrhage.  The  edges  separate 
less  widely  than  in  an  incised  wound  of  the  same  size,  but  the  amount 
of  devitalized  tissue  is  much  greater,  and  before  repair  occurs  this 
must  be  removed  by  the  surgeon  or  by  nature.  As  nature  *s  method 
is  usually  suppuration,  wounds  of  this  character  are  very  apt  to 
heal  by  second  intention.  Wound  complications  and  shock  are 
much  more  frequent  than  in  incised  wounds.  Among  contused 
and  lacerated  wounds  are  some  of  the  most  dreadful  which  a  surgeoi^ 
is  called  upon  to  treat,  such  as  those  resulting  from  the  tearing  off 
of  a  scalp  or  the  avulsion  of  a  limb. 

The  treatment  in  a  severe  contused-lacerated  wound,  in  the 
absence  of  urgent  hemorrhage,  is  first  directed  to  the  shock.  After 
this  has  subsided,  the  patient  should  be  anesthetized  in  order  to  thor- 
oughly disinfect  the  wound.  Tissue  whose  vitality  is  questioned 
should  be  removed  if  it  is  unimportant,  in  other  cases  it  should  be 
retained  unless  known  to  be  badly  infected.  All  visible  wounded 
vessels,  whether  bleeding  or  not,  are  ligated.  After  mechanical  dis- 
infection germicides  may  be  omitted,  or  the  wound  may  be  treated 
^th  dichloramin — T  or  other  antiseptic.  If  the  operation  is  done 
during  the  stage  of  contamination,  i.e.,  within  12  or  rarely  24  hours 
of  the  injury,  if  all  potentially  infected  tissue  is  excised,  and  if  the 
Weeding  is  controlled  completely,  the  wound  may  be  closed  without 
drainage.  Under  other  circumstances  the  wound,  if  bacterial  smears 
do  not  show  the  presence  of  streptococci,  may  be  treated  by  the 
Carrel-Dakin  method  and  closed  at  a  later  period,  as  described  in 
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the  section  on  **  Mechanical  Disinfection  "  under  "  Gunshot  Wounds." 
If  the  wound  is  closed  and  sepsis  manifests  itself  it  must  be  opened, 
disinfected,  and  drained.  The  treatment  of  sloughing  will  be  found 
in  the  chapter  on  ** Ulceration;"  of  secondary  hemorrhage,  in  the 
chapter  on  *' Hemorrhage;"  and  the  indications  for  amputation,  in 
the  chapter  on  '* Amputations." 

Punctured  wounds  and  stabs  are  deep,  narrow  wounds  caused 
by  any  long,  narrow  instrument,  from  a  needle  to  a  sword.  The 
outer  opening  is  trivial  in  size,  the  danger  depending  upon  the  injury 
to  the  deeper  structures  and  the  nature  of  the  infection  which  may 
have  occurred.  These  wounds  are  especially  favorable  for  the 
development  of  anaerobic  organisms,  the  most  important  of  which 
is  the  tetanus  bacillus. 

The  treatment  depends  upon  the  character  of  the  vulnerating 
instrument  and  the  damage  which  has  been  inflicted.  If  possible, 
the  instrument  should  be  inspected  to  ascertain  if  any  portion  of 
it  has  been  broken  off  and  left  in  the  tissues.  The  X-ray  also  may 
be  used  for  this  purpose.  Practically  all  punctured  wounds,  espe- 
cially those  known  to  be  contaminated,  such  as  those  produced  by 
dirty  nails  or  the  teeth  of  animals,  should  be  excised,  or,  if  this  is 
injudicious,  incised,  disinfected,  and  drained,  any  foreign  body 
which  may  be  present  being  removed  at  the  same  time.  Instruments 
like  fish-hooks,  and  needles  with  barbed  ends,  which  become  entan- 
gled in  the  tissues,  require  incision  for  their  extraction,  or  removal 
of  the  barb  after  it  has  been  pushed  through  adjacent  skin.  After 
all  punctured  wounds  a  prophylactic  injection  of  tetanus  antitoxin 
should  be  given.  Punctured  wounds  or  stabs  may  injure  large 
vessels,  nerves,  tendons,  or  any  of  the  viscera.  Injuries  of  these 
structures  are  dealt  with  in  later  chapters. 

Gunshot  wounds  are  a  special  variety  of  contused -lacerated 
wounds,  produced  by  missiles  thrown  by  explosives. 

In  civil  life  gunshot  wounds  are  usually  produced  by  small  shot 
revolver  and  hunting  rifle  bullets,  and  blank  cartridges.  Th< 
bullet  of  civil  life  is  made  of  lead,  moves  at  a  low  velocity  (700  ft 
per  second),  is  readily  deformed,  frequently  lodges  in  the  tissues 
often  carries  with  it  particles  of  clothing  and  skin,  and  always  causef 
a  potentially  infected  wound.  The  entrance  wound  is  slightl} 
smaller  than  the  bullet,  and  may  be  punched  out,  ragged,  or  inverted 
The  tract  of  the  bullet  is  surrounded  by  contused  and  devitalizec 
tissue.  The  wound  of  exit  is  larger  than  the  bullet,  everted,  anc 
more  ragged  than  the  wound  of  entrance.  The  bullet  is  apt  to  \m 
deflected  by  bone  or  dense  fascia,  and  often  pushes  nerves,  tendons 
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and  blood  vessek  out  of  the  way  instead  of  cutting  them,  so  that 
serious  primary  hemorrhage  is  usually  absent,  although  secondary 
hemorrhage  from  sloughing  of  contused  vessels  may  occur.  Injured 
bones  are  generally  splintered  or  comminuted.  Small  shot,  if  at 
dose  range,  produces  extensive  laceration  and  burning  of  the  tissues, 
into  which  are  driven  the  shot,  powder-grains,  and  portions  of  the 
dothing.  At  a  longer  range  the  shot  may  simply  contuse  the  tissues 
without  entering,  or  may  enter  and  be  scattered  in  the  soft  parts, 
usually  producing  little  damage  unless  a  delicate  structure  like 
the  eye  has  been  struck.  Wounds  by  blank  cartridges  are  con- 
tused, lacerated,  burned  wounds,  in  the  depths  of  which  a  wad  is 
lodged,  and  are  especially  dangerous  because  of  the  frequency  with 
which  tetanus  follows. 

The  treatment  of  wounds  due  to  the  leaden  bullet  is,  first,  if 
necessary,  temparary  hemostasis  and  attention  to  the  shock.  The 
skin  is  painted  with  iodin,  a  sterile  dressing  applied,  and  the  position 
of  the  bullet,  if  lodged,  determined  with  the  X-ray.  In  addition, 
one  should  ascertain  the  direction  from  which  the  bullet  was  fired 
and  the  position  of  the  body  at  the  time,  examine  the  clothing  for 
the  position  of  perforations  in  relation  to  the  skin  wound  as  well 
as  to  determine  whether  portions  are  absent,  and  see  whether  or 
not  there  is  a  wound  exit.  Probing  is  contraindicated.  In  the 
first  12  or  24  hours  the  best  treatment,  when  the  bullet  is  easily 
accessible,  is  excision  of  the  wound,  with  removal  of  the  bullet  and 
any  other  foreign  bodies  that  may  have  been  carried  in  with  it.  If 
the  bullet  must  be  sought,  the  best  instrument  is  the  finger,  which 
detects  not  only  metalUc  substances,  but  also  pieces  of  clothing  and 
other  foreign  bodies  not  demonstrable  by  the  X-ray  or  probes. 
Electrical  devices  and  similar  forms  of  apparatus  are  useless  when 
digital  exploration  fails,  superfluous  when  it  does  not  fail. 
'Vter  removing  a  bullet  the  wound  may  be  treated  as  advised  in 
the  section  on  **  Contused-lacerated  Wounds.  ^'  If  the  patient  comes 
^er  observation  after  the  first  day,  if  a  large  number  of  shot  are 
scattered  in  the  tissues,  or  if  a  formidable  operation  would  be 
'Accessary  to  reach  the  bullet,  less  risk  will  often  be  taken  by  leaving, 
than  by  removing,  the  foreign  body  or  bodies,  unless  serious 
complications  are  present.  In  all  cases  a  prophylactic  injection  of 
tetanus  antitoxin  should  be  given.  The  treatment  of  bullet  wounds 
of  the  head,  chest,  abdomen  and  of  special  structures  is  considered 
M»  the  sections  on  regional  surgery. 

Kank  cartridge  wounds  should  invariably  be  treated  by  anesthe- 

ttting  the  patient,  removing  the  wad  and  devitalized  tissues,  care- 
10 
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fully  disinfecting  the  wound,  and  draining  it  with  gauze.  The 
administration  of  a  prophylactic  dose  of  antitetanic  serum  also 
is  strongly  recommended  (see  "Tetanus")- 

Gunpowder  stains  are  best  removed  by  picking  out  each  grain 
with  a  sharp  pointed  tenotome.  Irritating  ointments  followed  by 
poulticing  may  be  used  with  the  hope  that  the  grains  will  be  discharged 
by  suppuration.  The  application  of  equal  parts  of  ammonium  iodid 
and  distilled  water  has  been  recommended;  the  spots  gradually 
turn  red,  and  the  red  marks  are  faded  by  the  application  of  dilute 
hydrochloric  acid.  Electrolysis  and  caustics  cause  permanent 
scarring.  When  the  stains  are  quite  superficial,  the  upper  layer 
of  the  skin  may  be  shaved  oflF,  and  the  raw  surface  covered  with  a 
Thiersch  graft. 

In  military  surgery  gunshot  wounds  differ  from  those  in  civil 
life,  not  only  in  character,  but  also  because  serious  infection  is  much 
more  frequent,  notably  with  anaerobes  (of  "Gas  Gangrene"  and 
"Tetanus").  The  modern  rifle  bullet,  with  the  exception  of  the 
solid  bronze  bullet  used  by  the  French,  consists  of  a  lead  core, 
enclosed  in  a  dense  jacket,  usually  of  cupronickel  or  ferronickel. 
It  is  long,  conical,  and  of  reduced  calibre,  generally  between  6.5  and 
8  mm.  The  muzzle  velocity  is  very  great,  650  meters  and  upward 
per  second,  the  bullet  revolving  on  its  own  axis  as  the  result  of  the 
rifling  some  2000  times  or  more  the  first  second;  it  is  capable  of 
producing  a  mortal  wound  at  4000  meters  distance.  The  trajectory 
is  comparatively  flat,  hence  the  accuracy  of  aim.  Owing  to  its 
high  speed,  small  calibre,  and  dense  jacket  the  bullet  rarely 
(10  per  cent.)  lodges  in  the  body  or  carries  particles  of  skin  or 
clothing  with  it,  and  it  is  seldom  deflected  or  deformed  by  the 
dense  tissues,  unless,  as  the  result  of  great  range  (over  1200  meters) 
or  ricochet,  the  velocity  is  diminished,  when  the  modern  bullet  may 
behave  much  Uke  the  leaden  one.  A  hard-jacketed  bullet  moving 
at  the  rate  of  2000  ft.  per  second  perforates  any  portion  of  the  body 
and  still  maintains  its  form,  "but  as  the  velocity  drops  there  comes 
a  point  when  the  resistance  is  too  great  for  the  momentum  of  the 
bullet  to  overcome  quickly,  and  then  the  bullet  piles  up  on  itself, 
just  as  it  does  when  it  strikes  a  very  hard  object,  and  the  lead  crowds 
to  the  front  of  the  bullet  till  the  nose  of  the  jacket  bursts"  (Wads- 
worth).  Ricochet  not  only  slows  but  may  deform  the  bullet,  and 
is  more  frequent  than  with  the  leaden  projectile,  which,  instead 
of  skipping  when  it  strikes  an  object,  is  apt  to  flatten  and  stop. 
The  character  of  the  wound  varies  according  to  the  tissue  injured, 
the  range  or  velocity  of  the  bullet,  which  determines  the  position  of 
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the  bullet  when  it  enters,  by  the  point,  base  or  side  on,  and  accord- 
ing to  whether  or  not  it  is  deformed.  In  th^  soft  parts  (muscle,  fascia, 
skin,  vessels,  nerves,  tendon)  direct  shots,  up  to  about  2000  meters, 
produce  a  clean  perforation.  The  wound  of  entrance  is  slightly 
smaller  than  the  bullet,  with  cleanly  cut  depressed  margins;  the 
wound  of  exit  is  slightly  larger  than  the  bullet  and  often  stellate 
or  slit-like.  A  large,  lacerated  wound  of  exit  may  be  produced  by 
a  fracture  of  bone,  the  splinters  being  driven  onward  by  the  bullet. 
The  walls  of  the  tract  are  apt  to  be  smooth,  with  very  little  tearing  or 
laceration.  The  bullet  is  not  deflected  by  bone  or  fascia,  and  it 
severs  instead  of  pushing  aside  nerves,  tendons,  and  blood  vessels, 
thus  increasing  the  frequency  of  violent  primary  hemorrhage.  Violent 
bleeding,  however,  is  rarely  seen  by  the  surgeon,  because  the  patient 
dies  quickly,  or  as  the  result  of  the  small  size  of  the  wound  of  entrance 
and  exit  and  a  small  opening  in  the  vessel,  an  aneurysm  forms; 
in  recent  wars  in  which  this  bullet  has  been  used,  arteriovenous 
aneurysm  has  been  comparatively  frequent.  These  wounds  are 
often  sterile,  and,  if  subsequent  infection  is  prevented,  may  heal 
by  primary  union.  The  percentage  of  infections  in  those  reaching 
the  hospital  has  varied  from  15  (Balkan  wars)  to  50  (Manchurian 
campaign).  Great  destruction  of  tissue  occurs  under  certain 
conditions.  At  close  range  (under  500  meters)  there  is  an  explosive 
effect,  due  to  waves  of  force  transmitted  from  the  bullet  to  the 
^unounding  parts.  This  effect  is  still  seen  in  the  brain,  parenchy- 
niatous  organs,  hollow  viscera  containing  fluid,  and  in  the  diaphyses 
of  long  bones  up  to  1000  meters,  **  while  clean  perforations  in  the 
liver,  spleen,  and  kidneys  can  hardly  be  said  to  occur  at  any  range." 
Lacerated  wounds  are  produced  also  by  deformed  bullets,  by  bullets 
which,  owing  to  lateral  deviation,  enter  side  on,  and  by  splinters 
of  shattered  bone.  Pain  is  usually  slight  at  the  time  of  injury, 
but  later  may  become  very  severe.  In  cancellous  bone  a  clean 
perforation  is  produced,  but  in  hard  bone  there  is  comminution, 
gradually  diminishing  with  increased  range;  ^* typical  perforations 
^  the  diaphyses  are  not  to  be  expected  at  any  range.'*  At  close 
range  soft  bone  may  be  splintered.  At  short  range  wounds  of  the 
^d  are  extensive  and  practically  always  fatal;  over  1600  meters, 
dean  perforations  may  occur;  and  beyond  2000  meters  the  bullet 
nj^y  lodge,  comparatively  little  harm  being  done  unless  an  active 
portion  of  the  brain  is  injured.  Abdominal  wounds  are  less  serious 
^with  the  old  bullet,  but  still  give  a  very  large  mortality.  Chest 
wounds  are  decidedly  less  dangerous  than  formerly,  excepting  those 
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cases  which  die  at  once  from  hemorrhage.  Of  those  wounded  by 
the  "humane"  bullet  about  10  per  cent,  die  on  the  field  or  in  the 
ambulance,  thus  the  immediate  mortality,  is  greater  than  with  the 
leaden  projectile,  but  in  virtue  of  the  morphologic  and  ballistic 
properties  of  the  modern  bullet,  and  of  the  antiseptic  and  con- 
servative treatment  of  the  modem  surgeon,  the  ultimate  mortality 
of  those  who  do  not  succumb  on  the  battle  field  is  comparatively 
small. 

Shell  and  shrapnell  wounds  produce  contused-lacerated,  poten- 
tially infected  wounds,  containing  fragments  of  the  projectile  and 
often  particles  of  clothing. 

The  treatment  of  gunshot  wounds  on  the  battle-field  is  limited 
to  the  arrest  of  bleeding  by  tourniquet  or  other  form  of  compression, 
the  temporary  splinting  of  fractured  limbs,  and  the  protection  of 
wounds  from  infection  by  the  application  of  an  antiseptic  dressing, 
a  small  package  of  which  is  carried  by  each  soldier.  At  the  first 
aid  post  or  one  of  the  dressing  stations  farther  back  from  the  front 
the  wounds  are  reviewed,  perhaps  disinfected  with  iodin,  bleeding 
points  ligated,  and  antitetanic  serum  and  often  morphine  admin- 
istered. The  patients  are  then  transported  as  quickly  as  possible 
to  the  evacuation  hospital  or  a  special  hospital  (10  to  20  kilometers 
from  the  front),  where  most  of  the  serious  operations  are  performed. 
Here  the  wounds  are  again  reviewed,  and  the  patients  sorted, 
some  going  to  the  evacuation  ward,  some,  after  preparation,  to 
the  operating  room,  and  the  badly  shocked  to  the  resuscitation 
ward.  The  character  of  the  operation  varies  with  the  structures 
injured.  In  this  place  we  shall  consider  merely  the  general  prin- 
ciples of  disinfection  and  suture,  reserving  for  the  chapters  on 
regional  surgery  the  description  of  the  measures  to  be  adopted  for 
special  lesions  of  special  parts. 

Mechanical  disinfection  (dibridement)  is  indicated  in  all  shell 
and  shrapnel  wounds  and  in  all  lacerated  bullet  wounds.  The  clean 
smooth  perforation  resulting  from  an  undeformed  bullet  may  be 
treated  by  painting  the  skin  with  iodin  and  applying  sterile  gauze. 
Debridement  means  the  excision  of  the  wound  and  the  extraction  of 
all  foreign  bodies.  When  possible  metallic  foreign  bodies  shoiild 
first  be  localized  by  the  X-ray.  The  skin  is  painted  with  iodin. 
The  wound  may  be  stained  with  iodin,  brilliant  green,  or  other 
antiseptic  dye,  in  order  to  make  its  excision  more  certain.  The 
orifice  of  entrance,  all  devitalized  tissue,  detached  fragments  of  bone, 
and  foreign  bodies  (bullets,  shell  splinters,  pieces  of  clothing,  grass, 
etc.)  are  removed.     The  ends  of  a  fractured  bone  may  be  curetted 
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or  chiseled  away.  Complete  decision  of  the  wound,  however,  is  not 
always  possible  or  justifiable ;  large  blood  vessels  and  nerves  and  other 
important  structures  must  be  respected,  even  though  contaminated. 
.\fter  making  sure  that  the  bleeding  has  been  controlled  the  wound 
may  be  closed,  or  left  open  for  delayed  primary  or  for  secondary 
suture. 

Primary  suture  is  indicated  during  the  stage  of  contami'nation 
'i.e.  during  the  first  12  or  perhaps  24  hours)  if  all  the  damaged 
tissue  has  been  excised  and  the  bleeding  controlled,  the  bacterial 
smear  does  not  show  the  presence  of  streptococci,  and  if  the  patient 
can  be  watched  for  a  number  of  days  subsequently.  Wounds  of  the 
face  and  scalp  may  be  sutured  at  a  later  period  than  wounds  of  the 
lower  limb  and  buttocks,  because  of  the  greater  danger  of  gas  gan- 
grene in  muscular  tissue. 

Delayed  primary  suture ^  is  performed  within  a  few  days  of 
the  time  of  injury.  Incomplete  d6bridement,  or  the  presence  of 
streptococci  having  made  impossible  primary  suture,  the  wound  is 
dressed  aseptically  or  antiseptically,  and  cultures  are  made.  If  clin- 
ical endences  of  infection  do  not  appear  and  bacteriologic  investiga- 
tion shows  no  streptococci  or  Welch  bacilli,  even  though  there  are  a 
few  other  organisms  (one  in  two  fields),  the  wound  may  be  closed. 

Secondary  suture  is  applicable  after  an  infected  wound  has  been 
sterilized  by  the  Carrel-Dakin  method  or  other  form  of  treatment. 
The  time  for  closure  is  judged  by  the  healthy  appearance  of  the 
^ound  and  by  the  bacteriologic  chart.  Smears  are  made  every  two 
days  and  a  culture  occasionally.  When  streptococci  are  absent, 
and  the  other  bacteria  in  three  successive  counts  are  few,  e.g.,  one  in 
two  microscopic  fields,  the  woimd  is  closed.  The  line  of  ingrowing 
epitheUum  is  excised,  and  the  skin  undermined  as  far  as  necessary  to 
permit  coaptation  without  imdue  tension.  In  the  deeper  parts  it  may 
be  necessary  to  cut  away  dense  scar  tissue  and  granulations,  but,  if 
possible,  this  should  be  avoided,  because  of  the  danger  of  mobilizing 
latent  bacteria.  The  parts  are  sometimes  sutured  in  layers,  some- 
times brought  together  by  a  through-and-through  suture.  In  order 
to  facilitate  approximation  Dehelly  employs  ^'corsetage"  of  the 
^ound  for  48  hours  before  operation.  This  consists  in  the  applica- 
tion on  each  side  of  the  wound  of  adhesive  plaster,  along  the  edges 
^f  which,  at  intervals,  are  hooks  which  are  laced  together  with  a 
nibber  string. 

Chrmiml  dismfectioii  during  the  war  followed  the  same  path 
*s  antisepsis  in  civil  surgery.  At  first  strong  germicides  were 
employed,  -then  less  harmful  substances,  and  finally  the  principle 
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of  mechanical  sterilization,  with  asepsis,  grew  in  favor.     Reference 
to  hypochlorous  acid,  dichloramin-T,  the  germicidal  dyes,  and  to 

the  other  antiseptics  not  mentioned  below  will  be  found  in  chapter 

•  •  • 

lU. 

The  CarreUDakin  method  consists,  first,  in  d6bridement,  partic- 
ular care  being  taken  to  tie  all  vessels  with  chromic  catgut.  The 
secondary  hemorrhages  which  may  follow  the  use  of  hypochlorite 
solutions  are  the  result  of  their  solvent  action  upon  the  devitalized 
and  infected  blood  vessel  walls  and  not  to  hemolytic  action  upon 
recent  thrombi  as  was  at  first  taught.  Dependent  drainage  is  pro- 
vided when  necessary;  the  counter  opening  is  made  at  the  most 
dependent  part  of  the  wound,  and  plugged  with  gauze  between 
the  daily  dressings,  since  one  of  the  principles  of  the  treatment 
is  to  retain  the  solution  in  contact  with  the  area  to  be  sterilized. 
The  apparatus  consists  of  a  graduated  glass  reservoir  holding  one 
litre,  a  rubber  connecting  tube  running  from  the  reservoir  to  a 
glass  distributing  tube,  which  usually  has  four  short  branches 
to  which  are  attached  the  rubber  instillation  tubes,  which  convey 
the  fluid  to  the  wound.  The  reservoir  is  placed  one  metre  above 
the  wound.  On  the  connecting  tube  is  a  clamp  for  controlling  the 
flow  of  the  solution.  This  tube  and  the  glass  distributing  tube 
have  an  internal  diameter  of  7  mm.  The  instillation  tubes  are  25  cm. 
long,  tied  with  linen  at  the  ends,  have  an  internal  diameter  of  4  mm. 
and  lateral  perforations  i  mm.  in  diameter,  0.5  cm.  apart,  and 
staggered,  so  that  the  escaping  fluid  resembles  a  spray.  The  instil- 
lation tubes  are  so  arranged  that  every  portion  of  the  wound  receives 
some  of  the  solution.  A  superficial  wound  is  covered  with  a  single 
layer  of  gauze,  on  which  the  tubes  are  laid.  A  thick  layer  of  gauze 
on  the  wound  interferes  with  the  contact  between  the  solution  anc 
the  raw  surface.  If  no  gauze  is  interposed  the  perforations  in  th< 
tubes  may  be  closed  with  exudate.  In  a  penetrating  wound  a  single 
tube,  untied  and  without  lateral  perforations,  is  inserted,  so  that  the 
wound  is  filled  like  a  cup.  If  the  orifice  of  entrance  is  in  a  dependent 
position  the  tube  may  be  enveloped  with  toweling,  in  order  to  retail 
the  solution.  In  a  perforating  wound  the  lower  orifice  is  plugged  wit! 
gauze,  so  that  the  fluid  will  not  escape.  In  wounds  of  the  hand  anc 
the  foot  the  part  maybe  soaked  in  the  solution  for  15  minutes  everj 
two  hours.  In  all  cases  the  surrounding  skin  must  be  protected  witl 
a  vaselinized  gauze.  Nonabsorbent  cotton  is  used  as  an  outer  dress 
ing,  since  it  does  not  withdraw  the  solution  from  the  wound.  Tb 
fluid  is  instilled  every  two  hoiu-s,  day  and  night,  by  unclamping  tb 
connecting  tube  for  one  or  two  seconds.    The  quantity  of  fluM 
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allowed  to  escape  depends  on  the  size  of  the  wound,  but  averages 
about  10  cc.  The  object  is  to  moisten,  not  to  irrigate,  the  wound. 
The  wound  is  dressed  once  daily,  when  the  tubes  and  gauze  are  re- 
newed, after  the  wound  has  been  flushed  with  Dakin's  solution  and 
scnibbed  with  sterile  soap  solution;  the  skin  being  cleansed  with 
soap-water  and  alcohol  btfore  the  vaselin  gauze  strips  are  applied. 
This  treatment  is  continued  until  the  wound  is  free  of  bacteria,  a 
smear  being  taken  every  second  day,  and  the  average  number  of 
bacteria  per  microscopic  field  recorded  on  a  chart,  which  resembles  a 
temperature  chart,  so  that  the  rise  and  fall  of  the  bacterial  curve  can 
be  seen  at  a  glance.  When  there  is  only  one  microbe  to  five  fields  the 
wound  is  regarded  as  clinically  sterile,  and  may  be  sutured.  Gener- 
ally the  microbes  make  their  appearance  about  the  tenth  hour, 
mount  in  numbers  for  two  or  three  days,  remain  stationary  for  a  few 
da}'s,  and  then  decrease  progressively  when  treated  in  this  way. 
Wounds  of  the  soft  parts  are  sterilized  in  from  five  to  eight  days, 
fractures  in  from  two  to  four  weeks  (Lyle). 

Marison^s  Bip  consists  of  bismuth  subnitrate  i,  iodoform  2,  and 
liquid  paraflin  oil  i.  The  wound  is  cleansed  physically,  mopped 
with  alcohol,  dried,  and  the  paste  rubbed  in  with  gauze.  The  wound 
is  then  sutured.  If  too  much  of  the  paste  is  used  there  is  danger 
of  poisoning. 

The  physiologic  method  of  Wright  is  based  upon  the  natural  de- 
fensive powers  of  the  tissues.  Wright  believes  that  antiseptics  are 
always  useless,  often  harmful.  After  surgical  disinfection  as  outlined 
above,  h>'pertonic  salt  solution  (5  per  cent.)  is  applied  by  continu- 
ous irrigation,  immersion,  wet  dressings,  or  by  packing  the  wound 
with  salt  tablets,  which  dissolve  in  the  wound  fluids.  The  salt 
produces  abundant  exudation  of  lymph,  which  is  laden  with  anti- 
bodies, and  has  antitryptic  properties,  thus  preventing  the  trypsin 
of  the  wound  secretion  from  digesting  the  proteins  of  the  lymph  and 
converting  them  into  suitable  food  for  the  bacteria.  This  **lymph 
lavage'*  detaches  sloughs,  decreases  edema,  and  destroys  most  of 
the  serosaprophytes,  i.e..  the  majority  of  bacteria,  which  do  not 
^ow  in  normal  serum,  but  do  flourish  in  serum  tainted  with  dead 
Jwikocytes.  The  serophytes,  e.g.,  streptococci  and  staphylococci, 
grow  in  normal  serum,  hence  are  little  influenced.  As  the  hypertonic 
solution  hinders  the  migration  of  leukocytes  and  kills  those  which  do 
migrate,  thus  favoring  the  multiplication  of  bacteria,  it  must  be 
replaced  by  the  isotonic  solution  as  soon  as  the  sloughs  have  been 
doninated.  The  hypertonic  solution  is  lymphagogic,  the  isotonic 
kokocytagogic,  i.e.,  respects  the  leukocytes  and  draws  them  towaid 
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the  surface  where  they  may  attack  the  microbes.  When  the  wound 
is  sterile,  it  is  sutured.  Vaccins  of  the  strepto-  or  staphylococcus  are 
injected  as  soon  after  the  injury  as  possible.  Grey  recommends 
filling  the  wound  with  salt  sac  drains  each  of  "which  consists  of  a 
two-walled  sac  of  suitable  size  made  of  bandage,  between  the  layers  of 
which  four  layers  of  gauze  are  placed.  The  interior  of  the  sac  is 
filled  with  salt,  and  the  tail  of  the  bandage  forms  a  drain"  (Hull). 

The  Reading  bacillus  is  a  proteolytic  anaerobe  which  putrefies 
dead  tissue  and  destroys  the  toxins  of  other  bacteria.  Donaldson 
has  introduced  this  organism  into  wounds,  with  the  idea  of  driving 
out  pathogenic  microbes. 

Radiotherapy^  thermotherapy,  heliotherapy,  hyperemia  (active  or 
passive),  and  aeration  of  wounds  may  be  mentioned  among  the 
methods  that  have  been  suggested  or  employed  in  the  treatment  of 
war  wounds. 

Poisoned  wounds  are  contaminated  with  some  non-bacterial 
poison.  The  possibility  of  local  and  general  symptoms  from  the  use 
of  toxic  antiseptics  should  be  mentioned  in  this  connection.  Snake 
and  insect  bites  are  examples  from  the  animal  kingdom.  Among 
the  nonbacterial  vegetable  posions  that  may  enter  a  wound  are  curare 
and  other  plant  extracts  used  by  savages  to  poison  weapons  of 
warfare. 

It  is  customary  to  consider  under  this  heading  dissection  and 
post-mortem  wounds,  because  the  infection  to  which  they  give  rise 
was  at  one  time  thought  to  be  due  to  a  specific  virus  generated  in  the 
dead  body.  It  is  true  that  an  abrasion  may  become  inflamed  from 
the  irritation  of  injection  fluids  or  saprophytic  organisms,  but  the 
virulent  infections  are  produced  only  by  pyogenic  cocci,  which  are 
especially  numerous  in  septic  operations  on  the  living,  and  in  the 
body  a  few  hours  after  death;  hence  the  predisposition  of  students, 
surgeons,  butchers,,  and  pathologists.  Wounds  acquired  in  the 
operating  room  rarely  become  infected,  because  of  the  frequent  use 
of  antiseptics;  in  the  dissecting  room,  woimds  are  apt  to  be  less  serious 
than  those  acquired  in  an  autopsy  on  a  body  into  which  no  antiseptic 
preservative  fluid  has  been  injected.  The  infection  varies  in  viru- 
lency  with  the  nature  and  number  of  the  bacteria  and  the  resistance 
of  the  individual,  being  most  frequent  in  those  who  are  "run  down." 
In  the  graver  forms  there  are  wide-spread  cellulitis,  lymphangitis, 
and  profound  toxemia,  which  may  result  fatally.  As  a  prophylactic 
measure  some  anoint  the  hands  with  sterile  vaselin,  but  much  more 
efficient  is  the  wearing  of  rubber  gloves.  If  a  wound  is  received, 
the  base  of  the  finger  should  be  compressed  with  a  bandage  or  with 
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the  opposite  hand,  in  order  to  encourage  bleeding,  and  the  part 
washed  with  soap  and  water,  sucked  with  the  mouth,  and  disinfected 
with  bichlorid  of  mercury  solution,  i  to  500.  A  deep  and  narrow 
wound  should  be  incised  in  order  to  facilitate  disinfection.  The  part 
.  is  dressed  with  gauze  wet  in  bichlorid  solution,  and  at  the  first 
indication  of  infection  incision  and  redisinfection  should  be  practised. 

Insect  stings,  produced  by  hymenoptera^  such  as  bees,  wasps, 
hornets  J  and  yelhw  jackets,  cause  pain  and  swelling,  but  are  not  danger- 
ous unless  there  be  a  great  number,  imless  infection  occurs,  or  unless 
the  injuries  are  in  the  mouth  or  throat,  in  which  event  edema  of 
the  glottis  may  arise.  As  the  poison  is  acid  it  may  be  neutralized 
with  dilute  ammonia  water,  or  a  solution  of  bicarbonate  of  soda;  if 
there  be  much  swelling,  ice,  or  lead-water  and  laudanum  may  be 
applied.  The  wasp  has  a  pointed  sting  and  may  inflict  several 
injuries;  that  of  a  bee  is  barbed  and  remains  in  the  tissues,  from 
whidi  it  should  be  extracted  with  small  forceps,  after  being  made 
prominent  by  the  pressure  of  a  watch  key.  The  bites  of  flies,  fleas, 
inals,  bedbugs,  and  mosquitoes  are  never  serious,  unless  the  insect 
is  soiled  with  some  form  of  infection  at  the  time  of  the  bite,  or  unless 
the  wound  is  subsequently  infected  by  scratching.  Special  mention, 
however,  should  be  made  of  the  r61e  played  by  insects  in  carrying 
disease.  The  domestic  fly  may  transmit  typhoid  fever  and  other 
maladies;  the  mosquito,  malaria,  yellow  fever,  filariasis,  and  dengue; 
rat  fleas,  plague;  lice,  typhus  and  relapsing  fever;  the  tsetse  fly, 
sleeping  sickness;  bed  bugs,  kalaazar;  and  ticks,  Rocky  mountain 
spotted  fever.  Gad-flies  deposit  eggs  in  the  hides  of  animals,  but 
rarely  in  the  human  skin.  Ticks  (ixodes)  bury  themselves  in  the 
>tin,  producing  great  annoyance,  sometimes  localized  suppuration, 
rarely  a  spreading  cellulitis.  Large  spiders,  including  the  tarantula 
and  the  scorpion,  may  cause  great  swelUng  and  serious  constitutional 
&turbances,  but  seldom  death.  Bites  by  the  more  poisonous  insects 
arc  treated  by  placing  a  ligature  above  the  bitten  point,  incising  the 
Wte  and  sucking  it,  washing  with  a  strong  solution  of  permanganate 
<>f  potassium,  or  cauterizing  with  silver  nitrate,  and  then  dressing 
antiseptically.  The  ligature  is  gradually  loosened,  and  symptoms 
of  prostration  watched  for  and  treated,  if  they  appear,  by  alcohol 
and  other  stimulants. 

Snake  bites  are  harmless  unless  produced  by  venomous  snakes, 
^  varieties  of  which,  in  the  United  States,  are  the  rattlesnake, 
Dtoccasin,  copperhead,  and  viper;  with  these  is  usually  classed  a 
poisonous  lizard,  the  Gila  monster.  The  venom  is  injected  from 
^  poison  sac  on  each  side  of  the  jaw,  -through  the  hollow  fangs  o{ 
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the  teeth,  into  the  wound;  it  is  a  sterile,  viscid,  yellowish,  acid  fluid, 
with  a  peculiar  odor,  and  contains  several  proteids,  a  peptone,  and  a 
globulin,  all  of  which  are  toxic. 

The  character  of  the  sjrmptoms  is  the  same  with  all  varieties  of 
venomous  snakes,  but  differs  in  degree  with  the  amount  and  virulence 
of  the  venom  and  the  resistance  of  the  individual.  The  bitten  part 
is  the  seat  of  great  pain  and  begins  to  swell  immediately.  As  the 
swelling  extends  ecchymotic  spots,  due  to  extravasated  blood,  are 
noticed,  and  symptoms  of  severe  prostration  appear,  sometimes  with 
vertigo,  convulsions,  delirium,  or  other  nervous  symptoms.  SnaJ^e 
venom  has  a  hemolytic  action  on  blood  cells,  and  dissolves  also  the 
endothelial  cells  of  the  capillaries,  thus  accounting  for  the  ecchymotic 
spots.  Death  may  occur  very  rapidly  if  the  poison  enters  a  vein,  or 
it  may  be  postponed  a  number  of  hours  or  even  days,  the  parts  being 
the  seat  of  a  spreading  cellulitis.     The  mortality  is  about  25  per  cent. 

The  treatment  is  to  constrict  the  limb  tightly  by  a  ligature  above 
the  bite,  which  should  be  excised,  and  as  much  as  possible  of  the 
poison  removed  by  cupping,  or  sucking  and  squeezing.  The  wound 
should  then  be  cauterized,  preferably  with  the  actual  cautery,  and 
dressed  with  a  saturated  solution  of  permanganate  of  potassium. 
Constitutional  symptoms  are  met  by  stimulation  with  ammonia, 
alcohol,  strychnin,  and  digitalis.  When  the  symptoms  subside,  the 
ligature  is  cautiously  loosened,  and  if  they  reappear,  again  tightened 
and  further  stimulation  administered.  In  some  cases  amputation 
has  been  performed.  Calmette  believes  that  the  toxins  of  all  snake 
venom  are  the  same,  and  that  they  can  be  neutralized  by  the  same 
antitoxin.  This  antitoxin  (antivenene)  is  made  by  injecting  into  a 
horse  increasing  doses  of  the  mixed  venom  of  the  cobra,  80  per  cent., 
and  viper,  20  per  cent.  Other  observers  believe  each  species  of  snake 
has  a  specific  venom,  and  that  an  antitoxin  would  have  to  be  pre- 
pared for  each.  It  seems  certain,  however,  that  Calmette's  anti- 
venene is  effective  not  only  in  cobra  bites,  but  in  any  form  of  snake 
bite,  so  that  it  should  be  used  whenever  possible.  From  10  to  40  cc. 
are  injected  into  the  region  of  the  bite,  or  if  much  time  has  elapsed, 
directly  into  a  vein.  Calmette  advises  injections  into  and  aroimd 
the  seat  of  inoculation,  also  of  from  20  to  30  cc.  of  afresh  i  percent, 
solution  of  chlorid  of  gold  and  calcium,  and,  after  removal  of  the 
ligature,  thorough  irrigation  of  the  part  with  a  solution  of  sodiimi 
hypochlorite  or  calcium  chlorid. 


CHAPTER  XI 

CHEMICAL,  THERMAL,  AND  ELECTRICAL  INJURIES 

BURNS  AND  SCALDS 

Bums  and  scalds  are  injuries  due  to  heat,  scalds  to  fluids  or  gases, 
bums  to  flames,  heated  solid  bodies,  or  radiated  heat  (e.g.,  from  open 
tires  or  exposure  to  the  sun).  Injuries  due  to  chemical  substances, 
such  as  strong  acids  and  alkalies,  also  are  called  burns.  Burns  are 
di\ided  into  three  degrees:  (i)  Erythema  (combustio  erythematosa), 
the  best  example  of  which  is  sunburn,  is  accompanied  by  all  the 
signs  of  inflammation,  which  subside  in  a  few  days  and  are  followed 
by  brownish  discoloration  or  desquamation.  (2)  Blistering  (com- 
bustio bullosa)  is  best  seen  after  scalds.  The  blisters,  or  vesicles, 
develop  at  once  or  not  for  several  days.  (3)  Charring,  carbonization, 
or  gangrene  (combustio  escharotica)  is  usually  due  to  direct  contact 
with  flames  or  heated  solids.  The  burned  part  is  hard,  anesthetic, 
and  yellow,  brown,  or  black,  being  surrounded  by  burns  of  the  first 
and  second  degrees.  The  dead  tissue  is  finally  separated  from  the 
living  by  ulceration.  Dupuy trends  classification  is  as  follows:  (i) 
Erythema;  (2)  blistering;  (3)  partial  destruction  of  the  skin;  (4) 
destruction  of  the  entire  skin;  (5)  destruction  of  the  subcutaneous 
tissues  and  part  of  the  muscles;  (6)  carbonization  of  the  entire  part. 

The  surgeon  should  bear  in  mind  the  danger  of  these  injuries 
when  using  hot-water  bags,  hot  douches,  and  the  hot-air  apparatus, 
and  the  danger  of  using  ether,  ethyl  chlorid,  or  collodion  near  a 
i^ed  flame  or  the  actual  cautery. 

The  gymptoms  of  bums  and  scalds  may  be  studied  under  three 
headings:  (i)  Those  the  direct  result  of  the  injury;  (2)  those  occur- 
ring during  the  stage  of  inflammation  and  sloughing;  (3)  those  oc- 
curring during  the  stage  of  repair. 

1.  The  symptoms  of  the  first  stage  are  intense  pain,  and  shock 
^'a^ying  with  the  extent  and  severity  of  the  burn.  The  shock  in  this 
stage  is  Primary  Wound  Shock  and  follows  exhaustion  of  the  central 
nervous  system  and  radition  of  body  heat. 

2.  If  the  patient  survives  the  shock,  fever  develops,  due  at  first 
to  the  absorption  of  toxins  and  the  result  of  destruction  of  the  tissues, 
*nd  the  clinical  condition  of  Secondary  Toxic  Wound  Shock. 
later  the  suj^uration  which  follows,  is  accompanied  by  the  usua\ 
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symptoms.  There  is  a  marked  leukocytosis  and  polycythemia,  and 
an  increase  in  the  coagulability  of  the  blood,  which  sometimes  leads 
to  extensive  thrombosis  and  subsequently  to  embolism.  The  internal 
organs  in  a  severe  burn  become  congested,  and  sometimes  inflamed. 
Congestion  of  the  brain  or  lungs  is  not  infrequent,  but  the  \iscera 
most  apt  to  be  affected  are  the  kidneys,  giving  rise  to  albuminuria 
and  decreased  quantity  or  even  suppression  of  urine,  and  the  gastro- 
intestinal canal,  causing  vomiting  and  diarrhea,  and  later  ulceration, 
especially  in  the  duodenum  {Curling's  ulcer).  Ulceration  occurs  in 
the  duodenum  probably  because,  as  the  result  of  the  acid  gastric 
juice  being  squirted  against  the  mucous  membrane,  this  is  the  most 
irritated  spot  in  the  body,  and  the  first  to  break  down  when  the 
general  resistance  is  enfeebled  by  sepsis.  Curling's  ulcer  has  been 
attributed  also  to  the  toxin  laden  bile,  and  to  thrombosis  or  embol- 
ism; it  has  the  same  symptoms  and  treatment  as  ulcer  due  to  other 
causes.  Delirium  or  convulsions  may  occur  from  congestion  of  the 
brain.  During  this  stage,  which  lasts  from  two  to  five  weeks  or 
longer,  there  is  active  suppuration  with  the  separation  of  sloughs. 

3.  During  the  stage  of  repair  there  may  be  no  constitutional 
symptoms  except,  perhaps,  weakness  or  anemia,  unless  the  wounds 
are  very  large  and  freely  suppurating,  when  there  will  be  some  fever 
(hectic),  and  possibly  amyloid  disease  if  the  suppuration  p>ersists  for 
a  long  time. 

The  prognosis  depends  upon  the  age  and  general  condition  of  the 
patient,  and  the  extent,  depth,  and  location  of  the  burn.  In  the 
young,  the  old,  or  the  debilitated,  limited  burns  of  the  first  degree 
may  prove  fatal.  If  a  burn  of  the  first  degree  extends  over  more  than 
two-thirds  of  the  surface  of  the  body,  death  is  likely  to  follow.  The 
same  result  is  probable  in  a  burn  of  the  second  or  third  degree  involv- 
ing one-third  of  the  surface  of  the  body.  Burns  of  the  thorax  or 
abdomen  are  much  more  serious  than  those  of  the  limbs.  Death 
may  be  due  to  asphyxia  from  smoke  at  the  time  of  the  accident,  to 
shock  immediately  after  the  accident,  and  later  to  sepsis,  tetanus, 
exhaustion,  or  internal  complications.  Burns  of  the  third  degree  are 
always  followed  by  scars,  which,  when  extensive,  tend  strongly  to 
contract,  causing  flexures  of  joints,  ectropion,  ankylosis  of  the  jaw,  etc. 

Treatment. — A  person  whose  clothing  is  on  fire  should  be  thrown 
on  the  floor  and  rolled  in  a  rug,  overcoat,  shawl,  or  blanket:,  in  ordei 
to  smother  the  flame;  water  should  not  be  used,  as  the  steam  wil 
produce  scalding.  In  trivial  burns  of  the  first  or  second  degree  th< 
principal  indication  is  to  relieve  the  pain;  this  is  best  done  by  the  US4 
of  cold  lead-water  and  laudanum  or  aqua  hamamelidis,  the  applica 
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tion  of  a  bandage  to  exclude  the  air,  and  by  elevation.  Ointments 
(zinc,  boracic,  vaselin,  lanolin)  are  soothing,  but  should  not  be 
used  unless  sterile,  and  if  applied  before  exposure  to  heat,  will 
protect  the  skin  from  burns  of  the  first  degree.  Blisters  may  be 
punctured  with  an  aseptic  needle,  allowing  the  epidermis  to  settle 
back  on  the  cutis  vera;  partly  detached  shreds,  however,  should 
be  removed  with  scissors.  Picric  acid  may  be  used  in  limited  burns 
of  the  first  and  second  degree,  but  not  in  extensive  or  deep  burns, 
as  poisoning  may  result.  Lint  or  gauze  is  soaked  in  a  i  per  cent, 
water)'  solution  of  picric  acid  and  applied  to  the  burned  part, 
and  over  this  sterilized  cotton  or  gauze  is  bandaged.  The  dress- 
ing is  left  in  place  several  days.  Hull's  preparation  of  paraffin  for 
the  treatment  of  burns  consists  of  resorcin  i,  oil  of  eucalyptus  2, 
olive  oil  5,  soft  paraffin  25,  bard  paraffin  67.  Instead  of  the  resorcin 
one  may  substitute  betanapthol  .25  per  cent,  and  increase  the  hard 
paraffin  to  67.75  per  cent.  The  hard  paraffin  is  melted,  the  soft 
paraffin  and  olive  oil  added,  then  the  resorcin  after  being  dissolved 
in  absolute  alcohol,  and  finally  the  oil  of  eucalyptus.  The  prepara- 
tion when  it  is  to  be  used,  is  remelted  in  a  tin  in  a  water  bath.  The 
bum  is  washed  with  salt  solution  (Hull  now  uses  i  to  1000  proflavin.) 
dried  with  gauze  or  an  electric  drier,  and  coated  with  the  paraffin 
at  a  temperature  of  122  degrees  F.,  using  a  broad  camel's  hair  brush 
or  a  special  atomizer.  A  thin  layer  of  cotton  or  wool  is  laid  on  the 
film  of  paraffin,  a  second  coating  of  paraffin  applied,  then  a  dressing 
of  wool  or  cotton  and  a  bandage.  The  wax,  cotton  and  all  utensils 
diould  be  sterile  and  applied  with  aseptic  surgical  technic.  The 
paraffin  film  is  removed,  the  burn  cleansed,  and  the  paraffin  reap- 
plied every  day.  The  paraffin  treatment  of  burns  has  the  same 
virtues  and  defects  as  the  ointment  treatment.  As  it  prevents 
drainage  we  believe  it  is  contraindicated  in  burns  of  the  third  degree, 
those  containing  dead  tissue  or  when  the  wound  is  not  surgically 
sterile. 

In  severe  burns  the  indications  are,  in  the  ^r5/  stage,  to  relieve  pain 
^y  the  hypodermatic  injection  of  morphin  and  to  give  the  usual 
treatment  for  primary  wound  shock.  No  attempt  should  be  made 
to  dress  the  bum  until  reaction  has  been  obtained.  In  the  second 
%^  the  indications  are  to  prevent  or,  as  this  is  rarely  possible,  to 
Kinit  infection,  to  combat  the  toxemia,  and  to  watch  for  and  treat 
the  complications.  The  clothing  should  be  cut,  and,  if  it  sticks, 
^ed  in  sterile  sweet  oil  or  salt  solution  and  allowed  to  drop  off. 
The  dressing  of  one  part  should  be  completed  before  exposing  an 
additional  area.     If  there  is  much  charred  tissue,  the  patient  may 
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be  anesthetized  and  the  devitalized  parts  cut  away.  The  ideal 
dressing  would  be  aseptic  or  mildly  antiseptic,  would  provide  free 
drainage,  would  not  macerate  or  stick  to  the  tissues,  and  would  not 
necessitate  frequent  changing.  Unfortunately  it  does  not  exist. 
Wet  dressings  macerate,  dry  dressings  stick  to  the  tissues,  and  oint- 
ments have  the  same  objections  here  as  in  the  treatment  of  ulcers, 
although,  it  must  be  confessed,  they  are  often  employed  because 
they  are  comforting  to  the  patient.  If  an  ointment  is  used  it  must  be 
sterile  and  holes  should  be  cut  in  the  lint  to  facilitate  drainage.  The 
first  three  of  the  following  methods  come  as  near  the  ideal  as  any. 
When  the  burn  is  not  too  large  the  dressing  advised  for  splinting 
skin  grafts  (see  "  Skin  Grafting  ")  may  be  employed.  More  extensiye 
burns  may  be  dressed  with  strips  of  sterilized  rubber  tissue  about  an 
inch  broad,  allowing  a  fourth  inch  between  each  strip,  and  placing 
over  this  sterile  gauze  which  has  been  wrung  out  in  warm,  sterile, 
salt  solution.  The  gauze  is  changed  as  often  as  it  becomes  saturated 
with  discharges,  leaving  the  rubber  tissue  in  place,  thus  eliminating 
much  of  the  pain  and  distress  which  is  always  an  unpleasant  feature 
in  the  dressing  of  these  cases.  When  most  of  the  body  is  burned  the 
patient  may  be  kept  in  a  warm  bath  (ioo°  to  105°).  One  of  the 
most  eflBicient  and  least  painful  methods  of  removing  the  dressing  is 
by  a  daily  immersion  of  a  half  hour  or  more  in  a  2  per  cent,  solu- 
tion of  sodium  bicarbonate.  Lee  has  obtained  excellent  results  by 
spraying  with  a  0.5  per  cent,  solution  of  dichloramin-T,  applying  a 
single  layer  of  wide-meshed  paraffined  gauze,  and  exposing  the  part 
to  the  air  and  an  electric  light  bath.-  Carron  oil  (equal  parts  of 
linseed  oil  and  lime-water),  to  which  oil  of  eucalyptus  in  the  pro- 
portion of  I  to  10  has  been  added  for  its  antiseptic  properties,  is  a 
favorite  application  but  is  not  to  be  recommended.  Menthol  i, 
olive  oil  9,  and  lime-water  10,  has  been  recommended  as  an  anti- 
septic and  analgesic;  a  saturated  solution  of  bicarbonate  of  soda  or 
of  boric  acid  also  may  be  employed.  Satisfactory  results  have 
been  obtained  by  exposing  burns  to  the  air  and  simply  dusting 
them  with  stearate  of  zinc,  removing  scabs  when  pus  collects  be- 
neath them.  Because  of  their  poisonous  properties,  dressings  con- 
taining acetanilid,  antipyrin,  carbolic  acid,  carbonate  of  lead,  cocain, 
creolin,  iodoform,  phenol  sodique,  picric  acid,  or  lead-water  and 
laudanum,  should  not  be  used  on  extensive  burns.  If  a  limb  has  been 
completely  carbonized,  amputation  should  be  performed  as  soon  as 
shock  has  subsided.  The  toxemia  is  combated  by  giving  concen- 
trated liquid  food,  and  plenty  of  water,  by  mouth  or  rectum,  or, 
if  need  be,  subcutaneously  or  intravenously;  and  by  administering 
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Stimulants  as  may  be  required.  Complications  should  be  met 
according  to  general  indications.  In  the  third  stage  the  indications 
are  to  promote  healing  and  prevent  contractures.  It  may  become 
necessary  to  use  stimulating  applications  or  to  remove  prominent 
granulations,  as  described  in  the  chapter  on  "Ulceration."  Corset- 
age  (see  "  Gunshot  Wounds ")>  ^i^d  excision  with  subsequent  suturing 
is  applicable  in  suitable  cases.  In  an  extensive  granulating  wound 
skin  grafting  not  only  hastens  cicatrization,  but  limits  subsequent 
contraction.  For  the  latter  purpose  splints  should  be  used  in  burns 
about  joints,  and  opposed  burned  surfaces,  e.g.,  of  the  fingers,  should 
be  separated  with  dressings.  After  the  scar  has  formed,  exercises, 
massage,  and  systematic  stretching  may  be  of  service  in  lessening  the 
tendency  toward  contraction. 

In  burns  by  acids,  a  weak  alkali,  such  as  lime-water,  and  in  burns 
by  dkalieSy  a  weak  acid,  such  as  a  dilute  solution  of  acetic  acid, 
should  be  applied.  In  carbolic  acid  burns  alcohol,  if  applied  at 
once,  will  act  as  a  neutralizing  agent.  Yellow  phosphorus  sticks  to 
and  burrows  into  the  skin,  and  bursts  into  flame  on  being  exposed  to 
the  air;  the  part  should  be  put  under  cold  water,  to  which  should  be 
added  a  solution  of  chlorid  of  iron,  or  liquor  sodae  chlorinatae.  Burns 
of  the  mouth,  pharynx,  glottis,  and  esophagus  are  usually  produced  by 
chemicals,  although  the  accident  may  occur  from  boiling  fluid  or 
superheated  steam.  These  cases  are  treated  by  having  the  patient 
suck  bits  of  ice,  by  the  application  of  ice  externally,  and  in  a  burn  of 
the  mouth  by  antiseptic  washes.  One  should  watch  for  signs  of  edema 
of  the  glottis  (q.v.).  In  burns  of  the  esophagus  the  chemical  should 
be  neutralized,  and  the  patient  fed  on  albumin  water  or  by  rectum ; 
the  danger  of  passing  a  stomach  tube  should  be  recalled.  In  two  or 
three  weeks  bougies  should  be  cautiously  passed,  in  order  to  antici- 
pate the  formation  of  a  stricture. 

X-ray  bums  (see  chapter  I). 

THE  EFFECTS  OF  COLD 

Locally,  cold  contracts  the  blood  vessels  and,  when  intense, 
causes  thrombosis  and  disorganization  of  the  blood.  According  to 
the  changes  which  follow,  frost  bite,  like  burns,  may  be  divided  into 
three  degrees:  (i)  Erythema,  or  redness;  (2)  blistering,  or  bleb 
formation;  (3)  sloughing,  or  gangrene. 

The  synqrtoms  of  freezing  are  first  coldness,  then  numbness,  and 
tujally  anesthesia;  owing  to  the  contraction  of  the  vessels  the  parts 
k«come  deathly  pale.    In  frost  bites  of  the  first  degree  the  parts. 


l6o  MANUAL   OF   SURGERY 

when  warmed,  are  the  seat  of  burning,  itching,  or  tingling  pain,  and 
become  red  and  swollen,  due  to  the  overfilling  of  the  paretic  blood 
vessels.  This  inflammation  disappears  in  the  course  ot  a  few  days,  but 
may  recur  on  slight  exposure  to  heat  or  cold  {chilblain y  or  pernio),  and 
is  most  frequent  in  the  toes,  ears,  fingers,  and  nose.  Chilblains  itch 
and  burn  and  sometimes  ulcerate.  In  frost  bites  of  the  second  degree, 
reaction  is  attended  with  greater  swelling,  a  livid  color,  and  the 
formation  of  blisters,  or  blebs.  In  the  majority  of  these  cases  frost 
bite  of  the  third  degree,  or  gangrene,  occurs.  Gangrene  is  due  to  the 
direct  effect  of  cold  or  to  the  reactionary  inflammation.  In  the 
former  instance  thrombosis  occurs  and  the  tissues  become  pale, 
anesthetic,  and  brittle;  fingers  and  toes  may  break  like  glass.  As 
the  blood  cannot  again  enter  the  vessels,  the  part  undergoes  the 
changes  incident  to  dry  gangrene.  In  gangrene  due  to  inflamma- 
tory reaction  the  vessels  are  obliterated  chiefly  by  the  pressure  of 
the  exudate;  owing  to  the  large  amount  of  fluid  in  the  tissues,  the 
gangrene  is  of  the  moist  variety. 

The  treatment  oi  frost  bite  is  the  gradual  restoration  of  circulation, 
so  that  the  vessels  may  have  a  chance  to  recover  their  tone  before  a 
large  amount  of  blood  enters  the  part.  The  frosted  area  should  first 
be  rubbed  with  ice  water  or  snow;  as  the  circulation  is  restored,  it 
may  be  very  gradually  warmed  by  omitting  the  snow  and  using  only 
the  hand.  The  temperature  of  the  room  should  be  slowly  elevated, 
and  the  part  wrapped  in  cotton.  When  marked  inflammatory  reac- 
tion follows,  free  incisions  should  be  made  to.  relieve  tension.  If 
gangrene  occurs,  wait  for  the  line  of  demarcation  and  amputate, 
unless  it  be  moist,  septic,  and  rapidly  progressing,  when  immediate 
amputation  becomes  mandatory. 

Chilblains  are  treated  by  attention  to  the  general  health,  whict  is 
often  below  par,  and  by  warm  coverings  at  the  first  approach  of  cold 
weather.  The  part  may  be  rubbed  with  alcohol  and  water,  bella- 
donna liniment,  whisky  and  salt,  soap  liniment,  or  menthol  and 
olive  oil  I  to  lo;  or  tincture  of  iodin,  ichthyol,  contractile  collodion, 
adhesive  plaster,  or  diachylon  may  be  applied.  Massage  is  often 
useful.     When  ulcers  form  they  should  be  treated  antiseptically. 

Trench  foot,  so  common  during  the  war,  is  due  to  ischemia, 
induced  by  wet,  cold,  tight  foot  gear,  standing  still,  and  crouching. 
According  to  Raymond  and  Pariot  the  condition  is  a  mycosis,  caused 
by  fungi,  of  which  they  have  isolated  three  varieties,  the  scopulariop- 
sis  koningii,  sterigmatocystis  versicolor,  and  penicillium  glaucum. 
The  same  authors  divide  the  disease  into  four  stages,  one  or  more  of 
which  may  be  traversed,  slowly  or  rapidly,  in  a  given  case:  (i) 
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^ainful  anesthesia  or  paresthesia;  (2)  edema,  soft,  white,  cold,  occa- 
ionally  red  or  bluish;  (3)  blisters  on  the  dorsum,  containing  a  gela- 
:inous  material,  which  on  bursting  give  rise  to  ulcers;  (4)  necrosis, 
vc-hich  may  be  superficial  (sloughs)  or  deep  (dry  or  moist  gangrene). 
The  general  symptoms  in  **3"  and  **4"  may  be  those  of  sepsis. 
The  complications  are  tetanus,  gas  gangrene,  lymphangitis.     Pro- 
phylaxis consists  in  greasing  the  feet,  as  grease  is  a  bad  conductor  of 
cold  and  water,  and  the  massage  attending  the  inunction  improves 
the  circulation;  exercise;  and  avoiding  tight  puttees  and  boots. 
Keeping  the  feet  dry,  warm,  and  clean  are  preventive  measures 
which,  for  a  soldier  in  a  trench  or  a  shell  hole,  may  be  impossible  of 
execution.     The  treatment  in  the  early  stages  is  that  of  frost  bite. 
Blisters,  ulcers,  and  gangrene  are  dealt  with  as  are  similar  lesions 
due  to  heat  or  cold.     Sweet,  Norris,  and  Wilmer,  who  believe  trench 
feet  are  the  result  of  spasm  of  the  arterioles,  advise  giving  potassium 
iodid  gr.  xx  t.d. 

The  coostitutioiial  effects  of  cdd  are  drowsiness,  slowing  of  the 
pulse  and  respirations,  and  dilatation  of  the  pupils.  The  blood  is 
driven  from  the  surface  to  the  internal  organs,  which  become  mark- 
edly congested.  Death  is  probably  due  to  cerebral  anemia  from 
failure  of  the  circulation.  The  treaimefU  of  freezing  of  the  whole 
body  is  brisk  rubbings  with  cold  cloths,  and  afterwards  with  the 
warm  hands.  The  jmtient  should  first  be  taken  into  a  cool  room,  the 
temperature  of  which  is  very  gradually  elevated,  as  sudden  reaction 
may  result  in  embolism,  or  in  rupture  of  blood  vessels,  especially 
those  of  the  brain.  Artificial  respiration  may  be  needed,  and 
stimulation  should  be  given  hypodermatically,  or  by  mouth  as  soon 
i>  the  patient  is  able  to  swallow.     The  extremities  should  be  elevated 

• 

m  order  to  limit  gangrene. 

mjUMES  BY  ELECTRICITY 

Lightning  stroke  is  produced  by  an  aerial  current  of  electricity. 

A  person  may  be  struck  directly  by  the  primary  current,  or  injured 

^)'  an  induced  current  when  the  lightning  strikes  some  neighboring 

object.    The  accident  is  most  frequent  in  the  open  country,  where 

^re  are  few  buildings,  trees,  etc.,  to  divide  the  current.     The 

mortality  is  about  50  per  cent.    Lightning  either  kills  directly  or 

causes  severe  bums  or  extensive  lacerations,  sometimes  tearing  a 

limb  completely  from  the  body.    Lightning  marks  are  brownish-red, 

zigzag,  or  arborescent  lines,  radiating  from  the  point  struck  along  the 

course  of  blood  vessels,  and  are  due  to  the  decomposition  of  the  red 
11 
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corpuscles,  with  the  subsequent  transudation  of  the  coloring  matter 
through  the  vessel  walls. 

The  sjrmptoms  in  a  case  not  immediately  fatal  are  those  of  pro- 
found shock  and  compression  of  the  brain.  Various  nervous  dis- 
turbances, such  as  paralysis,  anesthesia,  blindness,  insanity,  hysteria, 
may  be  seen.  Excepting  lesions  due  to  hemorrhage  into  the  brain  or 
spinal  cord,  these  phenomena  usually  disappear  after  a  greater  or 
lesser  interval. 

The  treatment  is  symptomatic;  first  of  all  it  is  necessarj'  to  treat 
the  shock.  It  is  important  to  remember  here,  as  in  opium  poisoning 
and  drowning,  that  a  person  may  be  apparently  dead,  and  yet  be 
revived  by  prolonged  artificial  respiration.  When  reaction  has  been 
obtained,  the  patient  should  be  carefully  examined  for  fractures, 
laceratioYis,  and  bums.  Burns  are  often  slow  in  healing,  probably 
owing  to  the  effect  of  the  electricity  on  the  trophic  nerves;  the  treat- 
ment  is  that  of  bums  from  other  causes.  The  efects  of  artificial 
currents  are  similar  to  those  of  lightning  and  are  treated  in  the  same 
way.  When  a  person  is  ensnared  with  a  live  wire,  the  current  should 
be  turned  off ;  if  this  is  not  possible,  the  wire  may  be  removed  with  thick 
rubber  gloves,  mackintosh,  thick  and  dry  wollen  cloth,  or  dry  wood, 
or  occasionally  the  current  may  be  short  circuited  by  dropping  some 
object,  such  as  ah  iron  bar,  on  the  two  wires,  or  grounded  in  the 
same  way  when  there  is  one  wire. 


CHAPTER  XII 

GENERAL  CONDITIONS  AND  SPECIAL  INFECTIONS 

FOLLOWING  WOUNDS 

SHOCK 

Shock  is  a  sudden  general  prostration  of  the  vital  powers  the 
esult  of  injury,  emotion,  or  toxemia.  Local  shock  is  numbness  or 
nesthesia  of  a  part  which  has  been  injured,  and  is  seen  most  fre- 
ucntly  in  contusions  and  contused  wounds.  Syncope  is  sudden 
ransient  unconsciousness  from  temporary  suspension  of  the  heart's 
ction.  Collapse  exhibits  the  features  of  extreme,  hyperacute 
bock,  and  is  due  to  many  causes.  Exhaustion  presents  similar 
jrmptoms  to  shock,  but  comes  on  gradually,  in  consequence  of 
itigue,  starvation,  loss  of  sleep,  worry,  or  some  exhausting  disease, 
och  as  carcinoma  or  tuberculosis. 

Shock  of  nervous  origin  is,  according  to  Crile,  caused  by 
ffcrent  impulses  transmitted  along  the  sensory  or  sympathetic 
«ves,  or  in  emotional  shock  along  the  nerves  of  special  sense,  to  the 
ital  centers,  especially  the  vaso-motor  centers,  which  are  thus 
^ened  or  exhausted  (shock),  or  paralyzed  (collapse).  Qu6nu 
«iicves  that  a  toxaemia  resulting  from  the  absorption  of  albu- 
ainoid  poisons  developed  in  injured  tissues  is  one  of  the  causes  of 
hock.  Cannon  and  Bayliss  have  produced  such  symptoms  by 
tushing  tissues  and  have  proved  their  dependence  upon  the  circu- 
ition  by  the  use  of  a  tourniquet.  The  sudden  development  of 
lK)ck  after  the  removal  of  a  tourniquet  was  a  frequent  observation 
loring  the  war.  Abel  has  found  a  substance  histamin  more  or  less 
onstantly  in  crashed  tissues,  and  Dale  and  Richards  have  exp>eri- 
icntally  produced  the  symptoms  of  shock  by  intravenous  injections 
f  histamin.  As  a  result  of  the  changes  in  the  ganglion  cells  (Crile), 
r  the  toxic  action  of  chemical  substances  similar  to  histamin, 
»erc  are  marked  lowering  of  the  blood  pressure,  weakening  of  the 
"opelling  force  of  the  heart  and  arteries,  collection  of  the  blood  in 
e  capOlaries  and  anemia  of  the  brain,  lungs,  and  superficial  parts 
the  body.  In  the  veins  the  number  of  red  cells  and  the  amount 
hemoglobin  are  normal;  in  the  capillaries,  above  normal.  The 
»od  decreases  in  alkalinity  (acidosis),  increases  in  viscosity  (Can- 

1,  Eraser,  Hooper). 
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The  symptoms  vary  in  intensity  according  to  the  severity  and 
situation  of  the  injury,  the  physical  condition,  age,  sex  (women  are 
more  susceptible),  and  previous  general  condition  of  the  patient,  and 
according  to  various  other  factors,  such  as  hemorrhage,  exposure  to 
cold,  etc.  In  torpid  or  apathetic  shock  there  are  marked  pallor  of  the 
skin  and  mucous  membranes,  cold  clammy  perspiration,  elongated, 
pinched,  expressionless  face,  half  open  mouth,  half  closed  shrunken 
eyes,  lusterless  cornea,  dilated  pupils  reacting  slowly  to  light,  weak 
and  rapid  pulse,  accelerated  (occasionally  slow)  shallow  and  irregular 
respirations,  mental  apathy,  subnormal  temperature,  impaired 
sensation  of  the  skin,  retention  of  urine,  and  sometimes  incontinence 
of  feces.  If  the  shock  is  due  to  or  aggravated  by  hemorrhage,  there 
may  be  a  great  restlessness  and  other  symptoms  commonly  asso- 
ciated with  the  loss  of  a  large  quantity  of  blood.  During  the  period 
of  reaction  there  may  be  vomiting,  great  restlessness  or  excitement, 
and  even  delirium  (erethistic  shock),  particularly  in  conditions  like 
extensive  burns,  in  which  a  toxic  factor  is  added.  Shock  which  does 
not  appear  for  several  hours  {delayed  or  secondary  shock)  is  most 
frequently  seen  after  railway  accidents,  alcoholic  intoxication,  and 
severe  emotional  storms.  After  operation  delayed  shock  is  almost 
always  due  to  hemorrhage. 

The  symptoms  of  hemorrhage  are  practically  identical  with  those 
of  shock,  in  fact  the  condition  after  hemorrhage  is  shock  due  to 
actual  loss  of  blood.  In  nervous  or  toxic  shock  the  circulatory 
failure  is  due  to  a  relative  loss  of  blood  volume,  the  fluid  elements 
passing  through  the  vessel  walls  into  the  tissues.  In  concealed 
hemorrhage  one  does  not  see  the  blood,  and  the  question  is  whether 
the  shock  arises  from  hemorrhage.  In  shock  caused  by  hemorrhage 
there  is  apt  to  be  greater  restlessness,  and  instead  of  torpidity,  great 
anxiety  and  foreboding  on  the  part  of  the  patient,  who  complains  of 
loss  of  sight,  asks  for  water,  and  gasps  for  air;  the  skin  and  mucous 
membranes  are  excessively  pale,  and  the  pulse,  although  very 
frequent,  is  likely  to  be  larger  and  more  compressible  than  that  of 
shock.  The  hemoglobin  is  greatly  lessened  in  hemorrhage  (but  not 
for  a  number  of  hours)  and  unreduced  in  shock.  The  most  reliable 
signs  are  those  of  fluid  in  a  cavity,  i.e.,  in  the  chest  or  abdomen. 
In  case  of  doubt,  especially  after  an  abdominal  operation  or  injury, 
an  exploratory  incision  should  be  made. 

The  prophylaxis  of  shock  is  possible  in  surgical  operations.  In 
addition  to  reassuring  a  nervous  patient,  the  physical  condition 
should  be  improved  as  much  as  possible.  Morphin  may  be  given 
for  pain,  bicarbonate  of  soda  for  acidosis,  blood  transfused  for  grave 
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anemia,  and  external  heat.  With  the  patient  in  poor  condi- 
tion shock  may  be  anticipated  by  blood  transfusion,  the  ap- 
plication of  hot  water  bags,  the  hypodermatic  injection  of 
strydmin  and  atropin,  the  careful  covering  of  the  patient  during 
operation,  the  avoidance  of  excessive  purgation  and  prolonged 
abstention  from  food  before  operation,  and  by  celerity,  gentleness, 
and  careful  hemostasis  during  the  operation.  The  part  to  be  oper- 
ated upon  may  be  placed  in  a  slightly  higher  position  than  the  rest 
of  the  body  in  order  to  lessen  hemorrhage.  The  use  of  a  local  anes- 
thetic for  the  prevention  of  shock  in  extensive  operations  is  of  doubt- 
ful value,  as  the  fright  of  the  patient,  and  the  increased  time  neces- 
sary for  the  performance  of  the  operation,  owing  to  the  struggles  of 
tiie  patient,  more  than  counter  balance  any  depressing  influence  of  a 
general  anesthetic.  In  head  operations  Crile  apphes  a  temporary 
clamp  to  the  carotid,  places  the  patient  in  a  pneumatic  rubber  suit, 
and  elevates  the  upper  part  of  the  body  45°.  In  operations  on  the 
dangerous  area  of  the  larynx,  in  which  sudden  collapse  may  follow 
from  reflex  inhibition  of  the  heart  and  respiration  as  the  result  of 
stimulation  of  the  sui>erior  laryngeal  nerve,  he  advises  a  preliminary 
dose  of  atropin,  or  the  application  of  cocain  to  the  nerve  endings  in 
the  larynx;  in  the  extremities  he  blocks  the  nerve  trunks  by  injecting 
into  them  procain,  one-half  per  cent. 

The  treatment  of  shock  consists  in  raising  the  feet  and  lowering 
the  head;  the  application  of  carefully  protected  hot   water  bags; 
the  hypodermatic  injection  of  ether  i  3  >  brandy  i  3  >  strychnin  gr. 
*jo,digitalin  gr.  >lo,  atropin  gr.  Koo,  ergotin  nj,  Koo,  pituitrin  30m, 
or  camphorated  oil  i  3  ;  inhalations  of  ammonia,  alcohol,  or  oxygen; 
the  rectal  injection  (enteroclysis)  of  hot  coffee  i  pint,  or  whisky 
I  ounce  with  warm  water  i  pint;  transfusion  of  blood;  hypoder- 
ooclysis,  or  intravenous  infusion  (chap.  XV)  of  one-half  to  one  pint 
of  normal  salt  solution,  containing  respectively  from  one-half  to 
wiedram  of  adrenal  chlorid  solution  (i  to  1000).    As  normal  salt 
solution  leaks  quickly  from  the  vascular  apparatus,  in  its  stead  has 
been  suggested  hyp)ertonic  salt  solution  (2  per  cent.),  sodium  bicar- 
bonate (4  per  cent.),  glucose  (6  per  cent.),  and  gum  acacia  6  per  cent, 
tna  2  per  cent,  solution  of  sodium  bicarbonate,  but  we  have  hesitated 
to  employ  these  substitutes,  without  fuller  assurance  as  to  their  harm- 
fcssness.     AtUolransfusion  is  the  application  of  bandages  to  the  ex- 
tremities for  the  purpose  of  driving  the  blood  to  the  vital  centers.     If 
the  respirations  fail  despite  stimulation,  artificial  respiration  should  be 
performed.     Massage  of  the  heart  (chap.  XV)  has  been  employed  in 
a  few  cases.    Operations  are  not,  as  a  rule,  performed  during  the 
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presence  of  shock,  unless  it  is  known  that  the  shock  is  being  increased 
by  the  condition  for  which  the  operation  would  be  performed,  e.g., 
hemorrhage,  perforation  of  a  hollow  viscus,  and  some  cases  of  crushed 
extremities. 

AUTOINTOXICATION 

AutointozicatiQn  usually  means  that  form  of  toxemia  resulting 
from  the  absorption  of  putrefying  intestinal  contents,  but  includes 
also  many  other  varieties  of  intoxication,  such  as  those  due  to  defi- 
cient elimination  from  the  kidneys  and  other  excretory  organs,  to  the 
absorption  of  disintegrating  portions  of  the  body  when  sterile  (aseptic 
wound  fever),  and  to  interference  with  glands  like  the  thyroid. 
Most  of  the  autointoxications  are  strictly  medical,  but  are  of  great 
interest  to  the  surgeon  because  of  the  frequency  with  which  they 
complicate  surgical  conditions.  In  order  to  prevent  autointoxication, 
the  excretory  organs  should  receive  proper  investigation  and  care. 

Traumatic  diabetes  may  follow  injuries  and  operations,  involving 
not  only  the  brain,  spinal  cord,  liver,  pancreas,  and  kidney,  but  also 
other  organs  and  parts.  It  generally  appears  within  a  day  or  two  and 
is  transient,  seldom  leading  to  serious  consequences. 

The  only  other  autointoxication  with  which  we  shall  deal  here  is 
aseptic  fever. 

Aseptic  fever  {reactionary ,  or  resorption  fever)  is  seen  after  sub- 
cutaneous injuries,  such  as  contusions,  fractures,  and  sprains,  and 
after  aseptic  operations.  It  is  due  to  the  absorption  of  sterile  prod- 
ucts of  cellular  disintegration,  chiefly  fibrin  ferment,  from  extrava- 
sated  blood  or  from  exudate,  hence  is  apt  to  be  of  greater  degree  after 
the  use  of  strong  antiseptics.  The  only  symptom  is  a  slight  rise  in 
temperature,  rarely  more  than  ioi°  F.,  which  disappears  by  the  end 
of 'the  second  or  third  day.  If  the  fever  p>ersists  beyond  this  time, 
especially  if  other  symptoms  appear,  it  is  almost  surely  due  to  some 
other  cause,  most  likely  infection  of  the  wound.  The  erythematous 
and  urticarial  rashes  which  are  sometimes  described  in  connection 
with  this  condition  are  probably  due  to  intestinal  derangement,  as 
they  subside  after  the  bowels  have  been  freely  evacuated.  Aseptic 
fever  requires  no  treatment. 

SEPSIS 

Sepsis,  or  ** blood  poisoning,^'  includes  sapremia,  septic  intoxica- 
tion, septicemia,  and  pyemia.  The  former  two  are  due  to  the 
presence  of  toxins  alone  in  the  blood  (toxemia),  the  latter  two  to  the 
presence  of  toxins  and  bacteria   (bacteremia).     These  toxins  and 
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organisms  may  be  of  any  variety,  but  in  the  following  paragraphs 
septic  intoxication  and  septicemia  are  defined  in  their  restricted 
sense  as  referring  to  pyogenic  toxins  and  pyogenic  bacteria. 

Sqxremia  is  due  to  the  absorption  of  the  products  of  putrefaction; 
hence,  properly  speaking,  autointoxication  from  decomposing  intes- 
tinal contents  is  sapremia.  Saprophytic  organisms  are  rarely  found 
alone  in  surgical  affections,  consequently  a  pure  form  of  sapremia  is 
rarely  seen.  The  best  example  is  that  due  to  the  absorption  of 
more  or  less  ptomains  from  a  decomposing  placenta  after  child  birth, 
although  a  pure  form  may  be  seen  as  the  result  of  putrefaction  of 
blood  clots,  wound  secretions,  or  large  tumors.  Since  sapremia  is 
so  frequently  linked  with  other  septic  processes,  and  is  clinically  in- 
distinguishable from  septic  intoxication,  the  term  should  be  discarded. 

Septic  IntozicatiQn  (pyogenic  toxemia)  is  due  to  the  absorption  of 
pyogenic  toxins.  The  usual  cause  is  pus  under  pressure,  e.g.,  an 
unopened  abscess  or  a  badly  drained,  suppurating  wound.  As 
granulation  tissue  blocks  lymphatic  spaces,  toxins  are  not  readily 
absorbed  from  its  surface,  unless  pressure  be  added;  thus  in  a  com- 
pletely drained  abscess  there  are  no  constitutional  symptoms.  If  the 
drainage  be  defective,  however,  or  if  the  lymph  spaces  be  opend  by 
curettage,  absorption  takes  place.  Chronic  septic  intoxication  is 
hectic  fever. 

The  symptoms,  if  there  is  a  wound,  appear  usually  in  from  one  to 
three  days  after  the  injury,  and  vary  in  degree  according  to  the 
character  and  virulency  of  the  toxin,  the  amount  of  absorption,  and 
the  resbtance  of  the  individual.  They  manifest  themselves  as 
/roer  or  pyrexia^  which  is  a  syndrome  characterized  by  a  rise  in  tem- 
perature (often  preceded  by  a  chill),  quickening  of  the  pulse  and 
respirations,  headache,  backache,  diffuse  muscular  soreness,  general 
weakness;  by  disordered  secretions,  causing  dryness  of  the  mouth, 
coating  of  the  tongue,  thirst,  impaired  appetite  (sometimes  vomit- 
ing), constipation  or  diarrhea,  scanty  high  colored  urine  containing 
an  excess  of  urea  and  urates,  dryness  of  the  skin  or  sweating;  and  by 
ner\ous  disturbances  varying  from  delirium  to  coma.  There  is  a 
leukoc}'tosis  unless  the  intoxication  is  slight  or  overwhelming,  but  no 
organism  in  the  blood.  In  the  young  and  robust  the  symptoms  are 
apt  to  be  active  {sthenic  fever)  \  in  the  debilitated,  in  the  old,  and 
^en  in  the  young,  when  protracted,  they  are  apt  to  be  of  a  low  type 
and  associated  with  marked  exhaustion  {typhoid  state,  asthenic  or 
dynamic  fever).  The  local  symptoms  are  those  of  inflammation, 
and.  if  there  be  a  wound,  usually  a  copious  and  foul  smelling  dis- 
charge. 
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Septicemia  (pyogenic  bacteremia)  is  septic  intoxication  plus  the 
presence  of  living  pyogenic  bacteria  in  the  blood  stream  and  diflFers 
f  rona  pyemia  only  by  the  absence  of  secondary  abscesses.  The  organ- 
isms gain  entrance  to  the  blood  by  the  l3anph  vessels  as  the  result  of 
pressure  in  an  abscess  {secondary  septicemia),  or  possibly  in  some  cases 
pass  directly  into  the  open  capillaries  without  the  existence  of  sup- 
puration {primary  septicemia).  Cryptogenic  septicemia  presents  no 
wound  or  focus  of  suppuration;  a  forgotten  needle  puncture,  or  an 
abrasion  on  the  skin  or  one  of  the  mucous  membranes  may  be  respon- 
sible for  these  cases,  which  become  fewer  as  the  surgeon  increases  in 
experience  and  investigates  with  more  care.  Bacteria  in  the  circulat- 
ing blood  are  devoured  by  the  leukocytes,  or  dissolved  by  the  blood 
serum,  thus  terminating  the  process;  or,  if  sufficiently  numerous  or 
virulent,  and  especially  if  the  individual  has  not  sufficient  resistance 
to  manufacture  antibacterial  serums  or  opsonins,  they  multiply, 
continue  to  elaborate  toxins,  and  are  distributed  to  various  parts  of 
the  body,  where  they  may  cause  secondary  or  metastatic  abscesses 
(pyemia) ;  some  are  eliminated  by  the  excretory  organs,  some  destroy- 
ed by  the  tissue  cells.  There  is  no  specific  micro-organism  of  sep- 
ticemia, any  one  of  the  pyogenic  bacteria  seemingly  being  capable  of 
producing  the  condition,  although  the  streptococcus  bears  the  worst 
reputation  in  this  respect. 

The  symptoms  may  be  noticed  a  few  hours  after  a  wound,  or  not 
for  several  days.  There  is  usually  a  chill,  with  a  rapid  rise  in  tem- 
perature to  104°  or  105°  F.;  the  fever  persists,  being  less  in  the  morn- 
ing and  greater  in  the  evening;  in  many  cases  there  are  violent  chills 
at  regular  periods,  followed  by  high  temperature  and  drenching  sweats. 
The  pulse  increases  in  rapidity  and  decreases  in  tension.  In  severe 
cases  the  pulse  rate  reaches  1 50  or  more,  finally  becoming  so  rapid  and 
weak  that  it  cannot  be  counted.  There  is  often  marked  depression 
of  the  nervous  system,  the  patient  being  stupid  and  quiet  (typhoid 
state) ;  or  delirium,  restlessness,  picking  at  the  bed  clothes  and  twitch- 
ing of  the  tendons;  in  either  case  coma  precedes  death.  Although 
the  respirations  are  quickened,  signs  of  imperfect  oxygenation  of  the 
blood  are  often  seen  in  the  face,  which  may  be  cyanotic.  The  tongue 
is  dry,  coated,  red  at  the  edges,  pointed  at  the  tip,  and  sordes  are 
present  upon  its  dorsum  and  upon  the  lips.  There  are  loss  of  appe- 
tite, occasionally  vomiting,  often  diarrhea.  Petechiae  may  appear 
in  the  skin  and  mucous  membranes,  and,  owing  to  the  disintegration 
of  red  blood  cells,  hematogenous  jaundice  may  -develop.  The  skin 
may  present  eruptions  also  in  the  form  of  vesicles  or  pustules,  or 
simulate  urticaria,  measles,  or  scarlet  fever.     The  urine  is  scanty, 
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high  colored,  and  contains  albumin,  toxins,  and  frequently  bacteria; 
the  spleen  and  often  the  liver  are  enlarged,  and  there  may  be  leuko- 
qtosis.  Bacteria  may  be  discovered  in  the  blood  by  cultural 
methods. 

The  local  manifesiaiions  vary  from  slight  inflammation  to  the 
graver  forms  of  cellulitis  and  are  not  always  characteristic,  although  in 
many  cases  the  wound  discharges  a  thin  pus,  while  the  activity  of 
the  lymphatic  vessels  is  shown  by  red  lines  of  lymphangitis  running 
to  the  nearest  lymph  glands,  which  are  swollen  and  tender,  or  even 
suppurating.  The  veins  about  a  suppurating  wound  may  become 
inflamed,  and  blocked  with  coagulated  blood  (thrombophlebitis). 
Bacteria  may  invade  and  soften  this  thrombus,  portions  of  which 
may  be  washed  into  the  blood  stream  as  emboli. 

Pyemia  is  septicemia  plus  secondary  or  metastatic  abscesses,  due 
to  the  bacteria  lodging  in  various  parts  of  the  body,  or  to  septic 
emboli  resulting  from  a  thrombophlebitis ;  these  abscesses  may  be  found 
in  any  part  of  the  body,  but  are  most  frequent  in  the  bones,  where 
bacteria  are  readily  deposited  from  the  capillaries  owing  to  the  slowly 
moving  blood  current,  and  in  those  organs  which  also  have  terminal 
arteries,  such  as  the  brain,  spleen,  kidney,  and  lung.  Emboli  arising 
in  the  area  drained  by  the  portal  vein  lodge  in  the  liver  (see  "embo- 
lism"). Compared  with  preantiseptic  days,  pyemia  is  comparative- 
ly rare  at  the  present  time,  but  is  especially  prone  to  follow  acute 
osteomyelitis,  thrombophlebitis  of  the  facial  veins  in  infections  in  this 
neighborhood,  thrombophlebitis  of  the  lateral  sinus  the  result  of 
middle-ear  disease,  and  pyelophlebitis  the  result  of  infective  lesions 
in  the  area  drained  by  the  portal  vein,  notably  appendicitis,  and 
inflammation  about  the  rectimi. 

The  symptoms  are  those  of  septicemia,  plus  the  secondary  ab- 
scesses, which  usually  appear  during  the  second  week,  i.e.,  at  the 
time  a  thrombus  disintegrates  into  emboli.  The  metastatic  abscesses 
arc  generally  announced  by  an  additional  chill,  but  may  develop 
nisidiously,  sometimes  without  even  pain  or  tenderness,  and  they 
are  commonly  small  and  multiple.  Pyemia  may  run  its  course  in  a 
few  days  {acute  pyemia)^  or  last  a  number  of  months  {chronic  pyemia). 
It  is  usually  fatal,  although  recovery  has  occurred  despite  the  pres- 
ence of  secondary  abscesses  in  the  internal  organs.  In  pyemia  there 
is  said  to  be  a  characteristic  sweet  odor  not  unlike  that  of  hay. 

Surgical  scarlatina  is  the  name  given  to  the  scarlet  rash,  probably 
the  result  of  vaso-motor  disturbance,  seen  in  cases  of  sepsis.  True 
scarlatina  may,  however,  occur  after  operations  and  accidental 
voonds,  especially  in  children.    Since  the  period  of  incubation  \s 


lyo  MANUAL   OF   SURGERY 

shorter  than  in  the  non-surgical  form,  it  may  be  that  the  micro- ; 
organism  of  scarlet  fever  enters  through  the  wound.  Scarlet  rashes ' 
may  occur  likewise  from  the  absorption  of  ether,  bichlorid  of  mer-' 
cury,  carbolic  acid,  and  iodoform. 

The  diagnosis  of  sepsis  is  made  by  finding  the  causative  lesion 
and  excluding  other  febrile  maladies.  The  causative  lesion  is  some- 
times difficult  to  locate,  particularly  in  the  so-called  cryptogenic  or 
spontaneous  form,  in  which  it  may  be  necessary  to  review  the  entire 
body  before  finding  the  source  of  infection.  Regions  especially 
liable  to  be  overlooked  are  the  ear,  nose,  accessory  sinuses,  teeth, 
tonsils,  throat,  urethra,  prostate,  rectum,  in  women  the  pelvic  organs 
and  in  children  the  bones,  particularly  the  tibia.  An  insignificant 
wound  that  has  healed  may  be  the  starting  point  of  even  the  gravest 
forms  of  sepsis,  and,  conversely,  a  woimd,  even  if  suppurating,  may 
be  complicated  by  other  forms  of  fever.  Here  it  should  be  noted 
that  tonsillitis  may  be  the  cause  and  pneumonia,  endocarditis,  etc., 
the  result  of  sepsis.  The  exclusion  of  aseptic  fever  is  made  by  the 
healthy  appearance  of  the  wound  and  the  brief  duration  of  the 
fever,  of  autointoxication  by  stimulating  the  excretory  organs. 
When  there  is  marked  depression  of  the  nervous  system  and  general 
exhaustion,  tjrphoid  fever  (Widal  reaction,  leukopenia)  and  mili- 
ary tuberculosis  may  be  simulated,  while  the  occurrence  of  chills  is 
often  wrongly  interpreted  as  malaria;  in  the  last  a  blood  examination 
will  reveal  the  presence  of  malarial  parasites.  The  occurrence  of 
skin  rashes,  particularly  in  children,  will  bring  up  the  question  of  the 
acute  exanthemata,  especially  measles  and  scarlet  fever.  The  farm 
of  sepsis  is  toxemia  (sapremia  or  septic  intoxication)  if,  in  the  pres- 
ence of  an  inflamed  or  suppurating  wound,  the  symptoms  promptly 
subside  after  thorough  drainage  and  disinfection.  If  the  wound  does 
not  show  evidences  of  irritation,  the  constitutional  disturbance  may 
be  due  to  septicemia,  but  is  more  probably  the  result  of  some  medical 
compUcation.  The  continuation  of  fever  after  the  opening  of  an 
abscess  or  wound,  excluding  medical  complications,  usually  means 
inefficient  drainage,  that  is,  a  continuation  of  the  septic  intoxication, 
or,  if  the  wound  is  perfectly  drained,  septicemia.  In  the  latter  in- 
stance, the  absorption  of  bacteria  may  be  evidenced  by  red  and  tender 
lymph  vessels  coursing  along  the  surface  and  ending  in  inflamed 
lymph  glands;  the  constitutional  symptoms  are  more  severe  than  in 
septic  intoxication,  and  chills  are  more  likely  to  occur.  A  positive 
diagnosis  can  be  made  only  by  recovery  of  the  organisms  from  the 
blood  stream,  or  from  the  excretions,  particularly  the  urine.  Leuko- 
cytosis and  iodophilia  occur  in  all  forms  of  sepsis.     The  diagnosis 
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of  pyemia  is  made  by  the  metastatic  abscesses,  which,  when 
superficially  situated,  are  easily  detected;  but  when  deeply  seated 
in  the  \iscera,  they  are  apt  to  be  small  and  numerous,  and  often 
their  presence  can  only  be  suspected. 

The  treatment  of  sepsis  is  first  prophylaxis,  AH  wounds  acci- 
dentally received  should  be  disinfected,  antiseptic  or  aseptic  pre- 
cautions taken  during  operations  and  the  delivery  of  pregnant 
women.  After  labor  the  placenta  should  be  inspected  to  make  sure 
that  none  of  it  has  been  left  behind;  after  miscarriage  curettage  of 
the  uterus  is  often  done  with  the  same  end  in  view.  It  is  important 
before  operations  also  to  increase  the  resistance  of  the  patient  by 
suitable  treatment. 

The  local  treatment  is  that  of  the  causative  lesion,  viz.,  inflamma- 
tion, suppuration,  gangrene,  etc.  UncompUcated  sapremia  or 
septic  intoxication  rapidly  subsides  if  the  local  cause  be  found  and 
removed.  If  the  symptoms  continue,  all  the  putrefying  material  has 
not  been  removed,  drainage  is  not  efficient,  or  bacteria  are  elaborat- 
ing toxins  in  the  blood  stream  (septicemia).  In  the  last  the  outlook 
is  always  grave,  although,  as  has  aheady  been  indicated,  destruction 
of  bacteria  and  recovery  may  follow.  In  pyemia  secondary  abscesses 
should  be  incised  and  drained,  but  unfortunately,  in  the  viscera, 
this  is  often  impracticable  owing  to  their  multiplicity.  An  accessi- 
ble vein,  the  subject  of  thrombophlebitis,  should  be  excised, or  (e.g., 
lateral  sinus)  opened,  the  clot  removed,  and  the  cavity  packed  with 
gauze;  in  order  to  prevent  the  further  dissemination  of  septic 
emboli,  the  vein  may  be  tied  between  the  thrombus  and  the  heart; 
in  the  extremities  amputation  may  be  required. 

The  general  treatment  is  (i)  specific,  (2)  eliminative,  (3)  symp- 
tomatic, (i)  Specific  treatment  aims  to  destroy  bacteria  in  the  blood 
stream  or  to  neutralize  their  toxins.  Unfortunately ,  pyogenic  bacteria 
in  the  blood  stream  are  inaccessible.  The  injection  of  antiseptics  into 
^  circulation,  in  sufficient  strength  to  be  of  value,  is  dangerous. 
Antistreptococcic  serum,  which  at  first  seemed  to  give  much  promise, 
kas  been  found  to  be  ineffectual;  it  may,  however,  be  employed 

• 

ui  loc.c.  doses  repeated  every  three  or  four  hours,  particularly  if 
bacteriological  examinations  prove  the  infection  to  be  due  to  strep- 
tococci. Like  diphtheria  antitoxin,  which,  too,  has  been  used  in  septic 
conditions  without  success,  it  may  produce  erythematous  or  urtica- 
rial eruptions  and  pains  in  the  joints,  and  several  cases  have  been 
reported  in  which  sudden  death  followed  the  injection  of  the  serum. 
Yoaine  treatment  is  contraindicated.  Quinin,  iron,  and  large  doses 
of  alcohol  (whisky  or  brandy)  are  regarded  by  many  as  almost  speeilae 
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in  septic  processes.  (2)  The  most  efficient  means  of  combating  sepsis 
is  by  elimination  of  the  micro-organisms  and  their  products.  Purga- 
tion, especially  by  calomel  and  salines,  lowers  the  blood  pressure, 
drains  oflF  toxins  through  the  bowel,  and  clears  the  intestinal  tract  of 
material  which  may  be  absorbed  and  aggravate  the  symptoms.  If 
nature  has  anticipated  the  physician  by  the  production  of  a  diarrhea, 
such  should  not  be  checked  imless  excessive.  DiureticSy  such  as 
calomel,  caffein,  squill,  sweet  spirits  of  niter,  acetate  of  potassium, 
and  large  quantities  of  water  by  mouth  or  rectum,  are  of  great  value 
in  removing  toxins  from  the  blood,  and  in  lowering  temperature. 
When  both  the  stomach  and  rectum  are  irritable,  the  same  principle 
may  be  utilized  by  injecting  salt  solution  into  the  subcutaneous  tis- 
sues, or,  exceptionally,  directly  into  a  vein.  Diaphoretics  are  not 
often  used,  as  in  septic  conditions  profuse  sweats  are  generally  pres- 
ent. Venesection  is  occasionally  employed  to  lessen  the  amount  of 
toxin  in  the  circulating  blood,  especially  when  followed  by  the  in- 
travenous injection  of  salt  solution,  or  tranrfusion  of  whole  blood. 
It  should  never  be  used  in  infancy,  old  age,  or  in  the  debilitated. 
(3)  Symptomatic  treatment  depends  upon  the  indications.  Rest  in 
bed,  predigested  liquid  food,  and  proper  nursing  are  always  re- 
quired in  severe  cases  of  sepsis.  The  best  anodyne,  if  the  condi- 
tion is  to  last  but  a  short  time,  is  opium  or  one  of  its  derivatives. 
In  most  surgical  inflammations  pain  severe  enough  to  prevent 
sleep  calls  for  incision  and  drainage  of  the  affected  part.  Nervous- 
ness is  best  met  by  the  bromids,  sleeplessness  not  caused  by 
pain,  by  sulphonethylmethane  or  sulphonmethane.  The  coal-tar 
products  and  chloral,  because  of  their  depressing  effects,  are  usually 
to  be  avoided.  The  best  antipyretic  is  an  ice  cap  on  the  head,  and 
general  sponging  with  ice  water,  or  equal  parts  of  alcohol  and  water ; 
drugs  should  rarely  be  employed.  Persistent  fever  usually  means 
that  further  search  for  the  source  of  infection,  with  proper  incisions, 
disinfection,  and  drainage,  should  be  carried  out.  In  many  cases 
stimulants,  such  as  alcohol,  strychnin,  ammoniimi  carbonate,  and 
digitalis  will  be  needed. 

DELIRIUM 

Mental  aberration  after  an  operation  or  injury  may  be  due  to 
many  causes.  The  delirium  of  sepsis  should  be  excluded,  and  careful 
inquiry  made  into  the  previous  mental  condition  of  the  patient,  and 
into  previous  habits,  especially  regarding  the  use  of  alcohol,  opium, 
and  cocain;  delirium  may  follow  ether  and  chloroform,  and  may  be 
due  to  iodoform  or  carbolic  acid  absorption.    Delirium  is  due  to  an 
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intoxication  in  a  person  who  has  some  bodily  illness,  and  should  not  be 
confused  with  insanity,  which  is  a  disease  of  the  mind,  often  in  an 
otherwise  healthy  body. 

Ddirinm  tremens  (mania  a  potu)  is  of  frequent  occurrence  in 
chronic  alcoholics  after  accidents  or  operations  which  require  con- 
finement to  bed,  especially  when  the  individual's  customary  dose  of 
alcohol  is  not  given.  At  first  there  are  restlessness,  insomnia  and 
nightmare.  In  the  course  of  two  or  three  days  the  patient  becomes 
delirious;  there  are  incessant  incoherent  talking,  constant  motion,  a 
characteristic  termor  of  the  hands  and  of  the  tongue  when  protruded, 
and  hallucinations  of  sight  and  often  of  hearing;  the  patient  sees 
grotesque  individuals  making  grimaces,  or  more  commonly  fights 
snakes,  rats,  or  insects,  which  he  imagines  are  crawling  over  and 
about  him.  The  pulse  increases  in  rapidity,  and  the  temperature 
rises,  rarely  above  103*^  F.,  except  in  fatal  cases,  in  which  all  the 
s\Tnptoms  increase  in  intensity,  death  occurring  from  exhaustion. 
Recovery  is  the  rule  unless  the  patient  is  otherwise  in  bad  health,  or 
develops  pneumonia,  which  is  a  frequent  complication. 

The  prophylactic  treatment  in  alcoholic  subjects  who  are  to 
undergo  operation,  or  who  have  sustained  an  injury,  consists  in  the 
administration  of  their  customary  tipple,  tonics,  and  nourishing 
food;  if  alcohol  has  been  withheld,  it,  with  bromids,  should  be  given 
at  the  first  appearance  of  tremor,  restlessness,  or  insomnia,  and  the 
patient  carefully  watched,  because  at  the  outbreak  of  deUrium  he 
may  tear  oflf  his  dressings,  or  get  out  of  bed  and  jump  through  a  win- 
dow. In  some  cases  alcohol  seems  to  make  the  condition  worse,  or 
at  least  has  no  eflFect  in  checking  it.  When  the  attack  has  once 
develoi)ed,  the  indications  are  to  quiet  the  nervous  symptoms,  to 
sustain  the  strength,  and  to  maintain  a  constant  watch.  The  nerv- 
ous sedatives  most  frequently  employed  are  the  bromids,  sulphon- 
ethylme^hane,  and  sulphonmethane;  chloral  is  too  depressing  to  the 
heart,  and  morphin,  because  of  its  effects  upon  the  secretions,  should 
^  used  only  in  exceptional  cases  or  in  extreme  mania.  Paralde- 
Me  and  hyosdn  are  highly  recommended  by  some  authorities. 
The  strength  is  maintained  by  nourishing  liquid  food,  strychnin, 
aud  digitalis,  while  capsicum  is  usually  given  for  its  effect  upon  the 
s>toniach.  Although  strapping  the  patient  in  bed  aggravates  the 
ner\'ous  s>Tnptoms,  it  is  usually  necessary.  Careful  attention,  of 
course,  should  be  given  to  the  bowels  and  kidneys. 

Traomatic  delirium,  or  delirium  nervosum,  is  an  afebrile  delirium 
occasionally  encountered  after  injuries  or  operations,  particularly  in 
children,  the  senile,  and  the  hysterical.     Many  individuals  become 
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flighty  from  pain  alone.  Delirium  nervosum  appears  several  days 
after  an  opeiation  or  injury  and  may  last  a  week,  very  rarely  ter- 
minating in  death.  It  is  closely  allied  to  the  ^^  delirium  of  collapse, ^^ 
which  is  seen  in  some  cases  of  shock,  or  after  the  sudden  fall  of  a  high 
temperature,  and  which  may  last  a  few  hours  or  a  few  days.  The 
treatment  of  delirium  nervosum  is  nervous  sedatives,  attention  to  the 
general  health,  and  the  removal  of  any  local  irritation  which  may 
be  present. 

Genuine  insanity  occasionally  develops  after  an  operation  or 
injury;  it  is  usually  of  the  confusional  type,  but  may  be  of  any 
variety.  The  prognosis  is  good  unless  there  are  systematized 
delusions,  a  strong  ancestral  history  of  insanity,  or  unless  there  has 
been  previous  trouble  with  the  intellect. 

ERYSIPELAS 

Erjrsipelas  is  an  acute  contagious  and  infectious  inflammation 
of  the  skin,  and  occasionally  of  the  mucous  membranes. 

The  cause  is  the  streptococcus  erysiprelatis  (identical  with  the 
streptococcus  pyogenes),  which  lodges  in  an  abrasion  or  wound,  and, 
passing  into  the  capillary  lymphatics  of  the  skin,  gives  rise  to  inflam- 
mation of  these  vessels  and,  by  contiguity,  of  the  remaining  dermal 
structures.  Chronic  alcoholism,  kidney  affections,  and  other  causes 
of  general  debility,  favor  the  development  of  the  malady,  and  in 
certain  indi\d[duals  there  is  a  natural  predisposition,  the  disease 
breaking  out  repeatedly  on  the  slightest  provocation.  It  is  most 
prevalent  in  the  spring,  and  is  especially  prone  to  occur  in  epidemics 
in  overcrowded  hospitals  with  defective  sanitation.  Idiopathic  ery- 
sipelas is  that  form  in  which  no  port  of  entry  can  be  found.  Infec- 
tion through  sound  skin  or  mucous  membrane  is  possible,  but  in  the 
vast  majority  of  the  idiopathic  cases  it  is  probable  that  the  abrasion 
is  so  slight  or  so  situated,  e.g.,  just  within  the  nostrils,  that  it  escapes 
detection. 

The  Sjrmptoms  appear  within  a  few  hours  or  not  for  several  days 
after  the  microbes  have  entered  a  wound.  They  may  be  inaugu- 
rated by  a  chill,  with  headache  and  malaise,  the  rash  appearing 
a  number  of  hours  later,  but  in  many  cases  the  local  changes  first 
attract  attention.  The  wound  will  have  a  dry,  dirty-yellowish 
appearance,  and  be  surrounded  by  a  bright  red,  shiny  swelling  which 
spreads  irregularly,  resembling  a  growing  map;  the  redness  dis- 
appears on  pressure,  and  there  is  a  sensation  of  burning,  tension,  or 
stiffness,  but  no  acute  pain,  unless  dense  structures  like  the  scalp 
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arc  invaded;  there  is  edema,  which,  in  loose  structures  like  the 
scrotum  and  eyelids,  becomes  very  great.  Owing  to  the  intensity  of 
the  dermatitis,  vesicles  and  bullae  frequently  develop  and  often 
contain  a  turbid  fluid.  Suppuration,  however,  is  not  common 
unless  the  organism  gains  access  to  the  subcutaneous  tissues,  when 
the  condition  is  called  cellulo-cuianeous  or  phlegmonous  erysipelas 
(see  "Cellulitis")-  The  skin  is  hot  and  tense,  the  margins  of  the 
swelling  abrupt  and  sharply  defined,  and  the  adjacent  lymph  glands 
swollen  and  tender.  The  fever  is  of  the  continuous  variety  and, 
espedaUy  in  facial  erysipelas,  is  apt  to  subside  by  crisis.  In  those 
whose  health  has  been  depressed  by  general  illness,  in  alcohoUcs, 
and  in  er>^if)elas  about  the  head  and  face,  great  prostration  with 
defirium  is  likely  to  develop.  As  the  rash  spreads  it  fades  in  those 
areas  which  were  first  attacked,  leaving  a  brownish  discoloration  and 
a  branny  desquamation.  Erysipelas  of  the  fauces  causes  great  swell- 
ing, which  may  spread  to  the  glottis  and  produce  severe  dyspnea. 
Occasionally  erysif)elas  will  spread  from  its  point  of  origin,  succes- 
sively involving  contiguous  areas  {ambulant,  erratic,  migratory,  or 
tcMiering  erysipelas).  Again  it  may  jimip  from  one  region  of  the 
body  to  some  distant  region  {metastatic  erysipelas).  Erysipelas 
which  begins  in  the  cicatrizing  umbilicus  of  the  new-born  {erysipelas 
vonaiorum)  is  very  fatal.  Every  now  and  then  a  malignant  growth, 
chnmic  ulcer,  or  ancient  skin  disease  will  disappear  after  it  has  been 
invaded  by  erysipelas  {erysipelas  salutaire).  The  disease  lasts  from 
»fcw  days  to  several  weeks.  The  mortality  is  from  s  to  7  per  cent. 
Death  is  usually  the  result  of  toxemia,  although  it  may  arise  from  a 
complication,  such  as  meningitis,  pneumonia,  endocarditis,  nephritis, 
or  pyemia. 

The  diagnosis  of  erysipelas  is  rarely  difficult.  It  is  most  fre- 
quently confused  with  cellulitis,  in  which  the  redness  is  more  dusky, 
4e  margins  not  so  abrupt  and  irregular,  and  the  pain  deeper  and 
*aore  throbbing. 

Trettment. — The  prophylactic  treatment  consists  in  the  isolation 
<rf  cases  of  erj'^sipelas  which  develop  in  a  surgical  ward.  During  an 
qxdemic  none  but  imperative  operations  should  be  performed. 
Those  who  nurse  or  dress  cases  of  erysipelas  should  not  come  in 
tmiact  with  surgical  or  obstetrical  patients. 

The  local  treatment  consists  in  the  disinfection  of  any  existing 
rounds  and  the  application  of  antiseptic  fomentations.  The  various 
ifotioQs  and  ointments  which  have  been  recommended  seem  to  have 
ttle  effect  upon  the  progress  of  the  disease;  the  most  popular  of 
is  ichthyoly  25  per  cent.     Cataplasm  of  kaolin  makes  a  com- 
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fortable  application.     Evaporating  lotions  and  cold  compresses  ease 
the  pain,  but  should  be  used  cautiously  in  asthenic  cases.     Irritat- 
ing medicaments,  e.g.,  iodin,  turpentine,  etc.,  should  not  be  applied 
to  the  inflamed  area.     In  order  to  prevent  the  spread  of  erysipelas, 
the  affected  part  has  been  surrounded  by  a  circle  painted  with  a 
strong  solution  of  silver  nitrate  or  tincture  of  iodin,  by  injections  of 
a  3  per  cent,  carbolic  acid  solution  or  other  antiseptic,  by  incisions, 
and  by  a  circle  burned  with  the  cautery.     All  these  methods  aim  to 
produce  a  barrier  of  leukocytes,  in  other  words,  an  inflammation  is 
produced  to  stop  an  inflammation.     The  results  of  this  homeopathic 
form  of  treatment  do  not  justify  its  continuance.     The  application 
of  pressure  by  collodion  or  strips  of  adhesive  plaster  is  occasionally 
effective  in  Umiting  the  disease.    When  suppuration  is  threatened, 
or  in  the  cellulo-cutaneous  variety,  incisions  are  indicated.  •   Erysipe- 
las of  the  fauces  should  be  treated  by  sprays  or  gargles  of  mildly 
antiseptic  solutions,  and  by  the  application  of  ice  externally;  the 
patient  should  be  carefully  watched  for  e\ddences  of  edema  of  the 
glottis,  which  may  require  tracheotomy. 

The  constitutional  treatment  is  that  of  sepsis.  Tinture  of  chlorid  of 
iron,  10  to  20  drops  three  or  four  times  a  day,  is  regarded  by  some  as  a 
specific,  especially  when  combined  with  quinin.  Pilocarpin  given 
internally  has  been  recommended  for  its  action  on  the  skin.  Anti- 
streptococcic serum  should  theoretically  be  of  great  value. 
Mormorek,  the  originator  of  antistreptococcic  serum,  has  treated 
423  cases  of  erysipelas  with  his  serum,  with  a  mortality  of  3.87  per 
cent.  The  serum  has  been  injected  around  the  area  of  inflammation, 
as  well  as  in  in  different  portions  of  the  body. 

Erysipeloid  is  an  infective  dermatitis  caused  by  inoculation  of  a 
wound  or  abrasion  with  putrid  animal  matter,  hence  is  most  frequent 
on  the  hands  of  cooks,  butchers,  and  fish  dealers.  The  swelling  is  red, 
painful,  and  shar})ly  defined,  and  tends  to  spread  over  the  rest  of  the 
hand.  Suppuration,  l>Tnphangitis,  and  the  formation  of  vesicles  do 
not  occur,  and  general  symptoms  are  slight  or  absent.  The  treatment 
is  disinfection  of  the  wound  and  mildly  antiseptic  dressings. 

■ 

CELLULITIS 

Cellulitis,  or  inflammation  of  the  areolar  connective  tissue,  may 
be  found  in  any  region  in  which  there  is  cellular  tissue  (see  "Cellulitis 
of  the  Neck,"  "Pelvic  Cellulitis/*  "Periproctitis,"  etc.),  but  here  wc 
refer  only  to  the  subcutaneous  variety.    It  may  be  acute  or  chronic. 
Chronic  cellulitis  is  always  circumscribed;  it  may  follow  the  acute 
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form,  but  is  more  often  seen  as  a  thickening  of  the  tissues  about  some 
long-continued  source  of  irritation,  e.g.,  a  chronic  ulcer,  and  subsides 
when  the  cause  is  removed.  Acute  cellulitis  may  be  circumscribed 
or  diffuse.  Acute  circumscribed  cellulitis  occurs  about  inflamed 
wounds,  spreading  ulcers,  and  tight  stitches.  The  inflamed  tissues 
occasionally  suppurate  or  slough,  but  the  process  remains  localized 
and  promptly  subsides  with  appropriate  treatment. 

Acute  diffuse  cellulitis  (dijfuse  phlegmon,  purulent  infiltration)  is  a 
widespread  suppurative  inflammation  of  the  subcutaneous  cellular 
tissue.  It  is  usually  caused  by  the  infection  of  wounds  with  the 
streptococcus  pyogenes,  and  is  indistinguishable  clinically  from 
ceUulo-cutaneous  or  phlegmonous  erysipelas.  The  less  severe  varieties 
are  due  to  staphylococci.  In  either  case  the  dose  and  virulency  of 
the  organism  and  the  general  condition  of  the  patient  determine  the 
extent  and  severity  of  the  process. 

The  symptoms  may  appear  within  a  few  hours  or  not  for  two  or 
three  daj'^  after  the  infection  of  a  wound.  The  inflammation  spreads 
rapidly,  and  may  extend  over  a  whole  limb.  There  are  intense  pain, 
great  swelling  and  edema,  dusky  redness,  and  elevation  of  the  local 
temperature.  The  lymphatic  vessels  running  from  the  infected  area 
may  be  tense,  red,  and  tender,  and  the  glands  into  which  they  empty, 
painful  and  swollen.  The  suppuration  may  spread  not  only  beneath 
the  skin,  but  between  muscles,  beneath  fascia,  and  even  to  the  bone. 
The  subcutaneous  tissue  sloughs,  and  gangrene  of  the  skin  may  occur 
from  the  cutting  off  of  its  blood  supply.  When  the  tendency  to 
gangrene  is  excessive  the  condition  is  called  gangrenous  cellulitis; 
when  there  is  gas  in  the  tissues,  gas  gangrene  (q.v.).  The  constitu- 
tional sjTnptoms  are  those  of  septic  intoxication  or  septicemia; 
occasionally  pyemia  develops. 

Treatment. — Cellulitis  may  be  prevented  by  the  disinfection  of 
^abrasions  and  wounds,  and  their  exclusion  from  septic  contamina- 
tion by  sterile  or  antiseptic  dressings.     It  may  be  aborted  by  open- 
ujg.  disinfecting,  and  draining  inflamed  wounds.     When  it  has  once 
pined  headway,  free  incisions  should  be  made,  whether  there  be 
suppuration  or  not,  in  order  to  relieve  tension  and  drain  the  tissues 
of  the  inflammatory  exudate  and  bacterial  products.     In  the  milder 
varieties  early  incisions  may  prevent  suppuration,  in  the  severer 
fonns  they  will  at  least  limit  it;  these  incisions  are  disinfected  with 
pcroxid  of  hydrogen,  followed  by  hot  bichlorid  of  mercury  solution, 
1  to  looo,  and  are  lightly  packed  with  gauze,  the  whole  part  being 
covered  with  a  bichlorid  dressing  and  put  at  rest.    The  limb  should  be 

elevated,  frequently  dressed  and  irrigated,  and  further  incisions  made  if 
11 
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spreading  continues.  Inflamed  lymph  vessels  and  glands  may  be  cov- 
ered with  ichthyol  ointment;  if  the  glands  suppurate,  they  should 
be  incised  or  excised.  If  there  is  a  tendency  to  sloughing,  warm 
antiseptic  fomentations  should  be  applied,  and  the  sloughing  tissue 
removed  as  quickly  as  it  separates.  Constant  irrigation  with  a  mild 
antiseptic  solution,  which  descends,  by  means  of  a  gauze  wick, 
from  a  reservoir  suspended  over  the  part,  and  then  is  caught  in  a 
suitably  arranged  sheet  of  rubber  to'  be  drained  into  a  receptacle  on 
the  floor,  is  sometimes  of  service,  as  is  also  immersion  of  the  part 
.  in  a  continuous  warm  bath.  The  Carrel-Dakin  method  or  one  of  its 
substitutes  may  prove  valuable  in  this  condition.  The  constitu- 
tional treatment  is  that  of  sepsis  (q.v.). 

TETANUS 

Tetanus  (lockjaw)  is  an  infectious  disease  characterized  by  tonic 
spasms  of  the  muscles,  especially  those  of  mastication. 

The  cause  is  the  bacillus  of  tetanus,  which  is  a  rod-like  organism, 
usually  presenting  a  distinct  enlargement  at  one  end,  owing  to  the 
presence  of  a  spore  (drumstick  bacillus).  It  is  an  anaerobe,  a  fact 
which  explains  the  frequency  of  tetanus  after  punctured  wounds, 
which  quickly  heal  at  the  surface  and  form  an  ideal  chamber  for  the 
growth  of  the  organism.  It  is  most  frequently  found  in  cultivated 
earth  and  in  the  feces  of  animals,  hence  the  susceptibility  of  hostlers 
and  "sons  of  the  soil."  The  predisposition  which  is  supposed  to  be 
possessed  by  the  negro  is  probably  due  to  this  fact.  As  heat  favors 
the  development  of  the  organism,  the  disease  is  particularly  preva- 
lent in  the  tropics.  Aside  from  punctured  wounds,  the  bacillus 
finds  a  most  favorable  field  for  development  in  septic  wounds, 
owing  to  the  ^ibsorption  of  oxygen  by  other  organisms  present 
(symbiosis).  Punctured  wounds  of  the  sole  of  the  foot  are  notorious 
for  the  frequency  with  which  they  are  followed  by  tetanus,  because 
the  vulnerating  body,  often  a  rusty  nail,  has  become  contaminated 
by  lying  in  contact  with  the  earth.  Blank  cartridge  wounds  are 
particularly  dangerous,  no  doubt  because  the  wads  are  often  made  of 
horsehair  felt.  Tetanus  has  followed  also  the  injection  of  gelatin  for 
aneurysm,  the  injection  of  diphtheria  antitoxin,  and  vaccination. 
Gelatin,  it  will  be  recalled,  is  derived  from  the  hoofs,  hides,  etc.,  of 
cattle;  diphtheria  antitoxin  from  the  blood  seriun  of  horses;  and 
the  virus  used  for  vaccination,  from  cows.  Occasionally  no  wound 
can  be  found  {idiopathic  tetanus)  j  although  it  is  possible  in  these  cases 
that  the  bacilli  enter  the  tissues  through  an  ulcer  or  abrasion  in  the 


GENERAL   CONDITIONS    AND    SPECIAL    INFECTIONS  1 79 

alimentary  canal.  The  bacilli  have  little  tendency  to  migrate  from 
the  point  of  inoculation,  being  rarely  found  in  the  blood.  Tetano- 
toVi  is  composed  of  two  bodies,  viz.,  tetanospasmin,  which  produces 
convulsions,  and  tetanolysin,  which  destroys  red  blood  cells.  The 
toxin  reaches  the  ganglia  of  the  central  nervous  system,  not  by  the 
blood,  but  by  the  motor  nerves,  along  the  axis  cylinders  of  which  it 
slowly  creeps,  thus  explaining  the  long  incubation  and  the  congested 
appearance  of  the  nerves  leading  from  the  wounds  The  sensory  ner- 
ves take  no  part  in  the  process.  That  portion  of  the  toxin  which 
finds  its  way  into  the  general  circulation  is  not  absorbed  directly 
by  the  ganglia,  but  is  distributed  to  the  ends  of  the  motor  nerves 
throughout  the  body,  then  passing  upward  along  the  nerves  to  the 
cord;  thus  the  period  of  incubation  is  the  same  when  the  toxin  is  in- 
jected into  the  subarachnoid  space. 

The  period  of  incubation  of  acute  tetanus  varies  from  a  few  hours 
to  two  weeks,  usually  being  within  ten  days.  The  first  symptom  is 
stiffness  of  the  lower  jaw,  which  later  becomes  fixed,  the  patient  being 
unable  to  open  the  mouth  (trismus y  or  lockjaw).  The  spasm  extends 
nwre  or  less  rapidly  to  the  other  voluntary  muscles  of  the  body. 
Spasm  of  the  muscles  of  expression  moulds  the  face  into  a  charac- 
teristic grin  (risus  sardonicus).  As  the  muscles  of  the  back  are  the 
more  powerful,  generalized  convulsions  usually  cause  the  patient  to 
rest  upon  the  head  and  heels  {opisthotonos),  but  the  whole  body  may 
be  stiff  and  straight  (orthotonos),  bent  to  one  side  (pleurosthotonos), 
or  curved  forward  (emprosthotonos).  Spasm  of  the  pharyngeal 
muscles  causes  dysphagia,  of  the  diaphragm  girdle  pain,  of  the  laryn- 
geal muscles  dyspnea,  of  the  sphincter  vesicae  retention  of  urine,  of 
the  sphincter  ani  constipation.  The  mind  is  clear,  and  the  pain  very 
peat,  owing  to  the  cramp-like  contracture  of  the  muscles,  which 
J^'er  entirely  relax,  and  which  are  thrown  into  more  acute  contrac- 
tioaby  the  slightest  irritation,  such  as  a  draught  of  air,  an  attempt  to 
tike  food,  etc.  During  these  convulsions  the  patient  is  cyanotic 
fnmi  spasm  of  the  respiratory  muscles,  the  body  is  covered  with  sweat, 
the  eyes  protude,  and  muscles  may  be  ruptured,  teeth  broken,  or  the 
tongue  bitten  •through.  The  temperature  is  usually  normal  at  the 
begimiing,  but  generally  rises  before  death,  and  continues  to  rise 
ifter  death,  often  reaching  io8°  or  iio°  F.  The  end  usually  comes 
vithin  four  or  five  days,  from  heart  failure  or  asphyxia  during  a 
ttivulsion,  or  from  exhaustion. 

Qvooic  tetanus  has  a  longer  period  of  incubation  than  the  acute 
»in,  milder  symptoms,  and  a  much  better  prognosis.  Sometimes 
it  spasiDs  are  limited  to  that  portion  of  the  body  in  which  the  infec- 
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tion  has  taken  place  {local  tetanus).  In  cephalic  tetanus  {tetanus 
paralyticus,  tetanus  hydrophobicus) ,  which  follows  injuries  in  the  area 
supplied  by  the  cranial  nerves,  trismus  and  dysphagia  are  often 
accompanied  by  facial  paralysis,  from  neuritis  of  the  seventh  nerve. 
Chronic  cephalic  tetanus  presents  a  fairly  good  prognosis  (25  per 
cent,  mortality),  but  in  some  cases  it  is  acute  and  associated  with 
generalized  convulsions,  and  is  then  quite  as  grave  as  ordinary 
acute  tetanus. 

A  number  of  cases  of  so-called  late  tetanus  were  observed  during 
the  war.  In  some  instances  the  disease  was  postponed  because 
of  partly  successful  prophylactic  treatment  and  was  of  a  mild  type. 
In  others  the  attack  was  precipitated,  sometimes  months  after  the 
original  injury,  by  operation  on  a  previously  infected  region,  the 
latent  bacilli  being  mobilized  by  the  operative  trauma. 

Tetanus  neonatorum,  or  trismus  nascentium,  is  tetanus  in  the  new- 
born, due  to  infection  through  the  navel. 

The  mortality  of  acute  tetanus  is  from  80  to  90  per  cent.,  of  the 
chronic  variety  from  40  to  50  per  cent.  A  long  period  of  incubation, 
a  normal  temperature,  and  limitation  of  the  spasms  to  the  injurejl 
part  are  favorable  signs.  If  death  does  not  occur  within  a  week, 
recovery  may  be  expected. 

Diagnosis. — Trismus,  or  closure  of  the  jaws,  arising  from  inflam- 
matory troubles,  etc.  (see  "Closure  of  the  Jaws'O?  is  not  accompanied 
by  rigidity  of  the  neck  or  generalized  convulsions,  and  the  cause, 
e.g.,  tonsillitis,  unerupted  wisdom  tooth,  will  readily  be  found  upon 
examination.  In  strychnin  poisoning  there  is  complete  relaxation 
between  the  spasms,  including  the  jaw  muscles,  so  that  the  mouth 
may  be  widely  opened;  the  convulsions  are  more  abrupt  in  onset, 
and  the  hands  are  tightly  contracted,  an  unusual  sign  in  tetanus; 
and  there  may  be  hyperesthesia  of  the  retinae  with  green  vision.  In 
hysteria  there  may  be  blindness,  laughing  or  crying  spells,  loss  of  con- 
sciousness, and  during  the  spasm  closure  or  quivering  of  the  eyelids. 
Occasionally  the  patient  is  rigidly  fixed  in  one  position  and  reiflains  so 
for  hours  {catalepsy).  Wood  states  that  in  hysteria  the  feet  are 
crossed  and  the  toes  inverted;  in  spasm  of  all  the  muscles  of  the 
leg  the  feet  are  turned  out,  because  the  muscles  of  eversion  are 
stronger.  Tetany  is  characterized  by  tonic  local  spasms,  especially 
of  the  hands  and  feet,  and  trismus  is  rarely  present.  In  hydro- 
phobia the  convulsions  are  limited  to  the  muscles  of  respiration  and 
deglutition,  are  clonic  and  not  tonic,  and  are  associated  with  mania. 
Bacteriological  examination  of  any  existing  wound  may  be  of  value 
in  doubtful  cases. 
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The  Treatment. — The  prophylactic  treatment  consists  in  the  disin- 
fection of  all  accidental  wounds.     Punctured  wounds,  unless  pro- 
duced by  an  evidently  clean  instrument,  should  be  excised  or  incised, 
disinfected,  and  drained.     They  should  not  be  cauterized,  because 
the  resulting  eschar  excludes  the  air  from  the  deeper  portions,  and 
thus  favors  the  development  of  the  tetanus  bacillus.     Next,  1500 
units  of  antitetanic  serum  should  be  injected  subcutaneously.    As 
the  immunity  from  a  single  dose  of  the  antitoxin  is  supposed  to 
last  about  eight  days,  a  second  injection  may  be  given  at  the  end 
of  a  week,  and  a  third  at  the  end  of  two  weeks.     The  repeated 
injections  are  especially  indicated  when  the  wound  has  been  soiled 
with  earth  or  manure.    Occasionally  tetanus  develops  despite  the 
use  of  the  antitoxin,  but  is  then  usually  of  a  mitigated  form.     Ref- 
erence has  already  been  made  to  the  treatment  of  blank  cartridge 
wounds.     Gelatin    and    various    antitoxins    should    not  be   used 
subcutaneously  until  they  have  been  proved  free  from  tetanus  by 
injection  into  susceptible  animals.    The  virus  used  for  vaccination 
against   small-pox  should  be  that  which  comes  in  hermetically 
sealed  tubes,   and  the  operation  must  be  performed  aseptically. 
When  the  disease  has  once  manifested  itself,  the  wound  should  be 
excised  and   the  part  dressed  with   antiseptic  fomentations.    In 
wounds  too  large  for  excision,  and  even  in  smaller  wounds,  amputa- 
tion may  properly  be  considered.    The  most  useful  antiseptic  in 
wounds  which  are  not  excised  is  Dakins  solution;  strong  tincture  of 
iodin,  I  per  cent,  solution  of  silver  nitrate,  and  bichlorid  of  mercury, 
I  to  500  can  be  used  after  the  dead  tissue  has  been  removed. 
Stretching  the  main  nerve  trunks  supplying  the  aflFected  part  has 
been  employed  with  occasional  success;  it  may  be  that  this  procedure 
interferes  with  the  transference  of  the  toxin  along  the  nerves.     Far 
better,  at  least  theoretically,  is  the  injection  of  antitoxin  into  these 
ocn-es.    For  this  purpose  the  patient  should  be  chloroformed,  and  the 
niotor  nerves  which  supply  the  region  primarily  infected  exposed  as 
near  the  cord  as  possible  and  each  injected  by  a  fine  hypodermic 
needle  with  from  5  to  10  or  20  cc.  of  antitoxin  (Rogers).     When  in- 
jected subcutaneously,  the  antitoxin  neutralizes  only  that  portion  of 
the  toxin  which  is  in  the  circulating  blood,  and  not  that  which  is  in 
the  nervous  system,  as  it  is  not  absorbed  by  the  nerves  as  is  the  toxin. 
Antitoxin  has  been  injected  also  around  the  infected  part,  directly 
mto  a  vein,  into  the  subarachnoid  space,  and,  after  making  a  small 
trephine  opening  in  the  skull,  directly  into  the  frontal  lobes  of  the 
bnuD,  or  into  the  lateral  ventricle.    Park  and  Nicoll  advise  inject- 
ng  from  3000  to  5000  units  intraspinally,  after  lumbar  puncture, 
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allowing  to  escape  an  amount  of  fluid  equivalent  to  that  injected. 
At  the  same  time  from  10,000  to  15,000  units  are  injected  into 
a  vein.  The  intraspinal  injections  may  be  repeated  daily.  In 
addition  5000  units  may  be  given  subcutaneously  every  day.  It 
is  probable  that  with  the  onset  of  symptoms  the  tetanus  toxin 
has  already  fatally  embraced  the  cells  of  the  central  nervous 
system,  and  that  antitoxin  administered  in  any  form  is  quite 
impotent  to  repair  the  damage  already  done.  Emulsions  of  fresh 
brain  tissue  have  been  injected  hypodermatically,  on  the  principle 
that  the  toxin  would  unite  with  these  nervous  cells  and  thus  become 
neutralized. 

Even  though  antitoxin  is  employed,  the  patient  should  be  isolated 
in  a  darkened  chamber  and  guarded  from  all  forms  of  irritation. 
Bromids,  chloral,  and  morphin  should  be  regularly  administered, 
and  the  convulsions  controlled  by  chloroform.  Section  of  the 
phrenic  nerves  in  the  neck  and  tracheotomy  have  been  advised 
for  menacing  cramp  of  the  respiratory  muscles,  but  should  be 
unnecessary  if  one  has  an  intratracheal  insulation  apparatus. 
If  trismus  is  marked,  nasal  feeding  may  be  adopted,  by  the 
passage  of  a  rubber  catheter  into  the  pharynx  through  the  nose,  or 
food  may  be  administered  by  rectum.  Other  drugs  which  have 
been  recommended  are  curare,  cannabis  indica,  gelsemium,  physo- 
stigma,  and  iodoform.  Venesection  to  lessen  the  amount  of 
toxin  in  the  circulating  blood,  followed  by  intravenous  infusion  of 
salt  solution,  is  occasionally  employed.  The  subarachnoid  in- 
jection  of  magnesium  sulphate,  cocain,  etc.,  as  in  spinal  anesthesia, 
also  has  been  used  and  appears  to  be  of  some  value  in  controlling 
the  convulsions. 

HYDROPHOBIA 

Hydrophobia  (rabiesi  iyssa)  is  an  infectious  disease  resulting 
from  the  bites  of  animals,  especially  the  dog,  cat,  and  wolf.  The 
specific  micro-organism  is  probably  identical  with  the  so-called 
Negri  bodies  {vide  infra).  The  virus  is  found  in  the  saliva,  in  the 
central  nervous  system,  and  occasionally  in  the  lachrymal  gland, 
pancreas,  and  mammary  gland.  It  is  not  found  in  the  blood,  and 
further  resembles  the  toxin  of  tetanus  in  that  it  has  a  marked 
affinity  for  the  central  nervous  system,  to  which  it  is  conveyed  by 
the  nerves.  As  in  tetanus,  the  wound  is  often  punctured,  and  may 
heal  before  the  onset  of  symptoms,  and  again  become  painful  as 
the  disease  develops.     Between  10  and  25  per  cent,  of  those  bitten 


GENERAL   CONDITIONS   AND    SPECIAL    INFECTIONS  1 83 

by  rabid  animals  subsequently  develop  hydrophobia.  Cases  have 
been  reported  in  which  the  disease  has  followed  the  mere  licking  of  the 
hand  by  a  rabid  dog.  Bites  through  clothing,  which  may  wipe  the 
\'inis  from  the  teeth  of  the  animal,  are  less  dangerous  than  those  on 
exposed  parts,  while  bites  in  parts  richly  supplied  by  nerves,  such 
as  the  face  and  hands,  are  the  most  dangerous.  The  virus  is  present 
in  the  saliva  for  several  days,  sometimes  as  long  as  eight,  before  the 
development  of  symptoms,  thus  sustaining  the  popular  belief  that 
hydrophobia  may  follow  the  bite  of  a  dog  which  later  becomes  rabid. 
The  period  of  incubation  in  man  varies  from  a  few  weeks  to  several 
months,  the  average  being  forty  days.  The  disease  is  most  frequent 
during  the  summer  months.  The  gross  changes  usually  found  after 
death  are  those  of  congestion  of  the  brain  and  membranes.  Micro- 
scopically, the  most  important  findings  are  (i)'  aggregations  of 
embr\'onic  cells  in  the  motor  nuclei  of  the  medulla  and  cord  (rabic 
tubercles  of  Babes) ;  (2)  degeneration  of  the  cerebrospinal  and  sympa- 
thetic ganglia,  especially  the  plexiform  ganglia  of  the  pneumogastric 
ner\e  and  Gasserian  ganglion,  the  nerve  cells  being  replaced  by  pro- 
liferated endothelial  cells  derived  from  the  capsule;  and  (3)  Negri 
bodies  (thought  by  Negri  to  be  protozoa  and  the  cause  of  rabies), 
which  are  small  bodies  found  in  the  cells  of  the  central  nervous  sys- 
tem, particularly  in  the  Purkinje  cells  of  the  cerebellum  and  in  the 
large  ganglion  cells  in  the  region  of  Ammon's  horn.  Noguchi  claims 
to  have  cultivated  the  Negri  bodies,  and  reproduced  the  disease 
with  the  cultures.  The  degenerative  lesions  of  the  ganglia  and  the 
•Negri  bodies  arc  pathognomonic,  so  that  a  positive  diagnosis  may  be 
made  by  the  examination  of  an  animal  after  death.  In  order  that 
these  changes  may  occur,  the  animal  should  not  be  killed,  but  allowed 
to  die  from  the  disease.  The  head  may  then  be  removed  and  sent  to 
a  pathologist  for  diagnosis,  which  may  be  further  confirmed  by  in- 
j^ting  an  emulsion  of  the  nervous  tissue  into  a  susceptible  animal. 
Jd  animals  the  presence  of  foreign  bodies,  such  as  stone,  hair,  etc.,  in 
the  stomach,  owing  to  the  depraved  app>etite  characteristic  of  the 
disease,  strongly  points  to  rabies. 

In  tbe  dog  Hie  syiupUmis  appear  usually  in  from  three  to  five 
wedis  after  infection.  In  the  raging,  or  maniacal  rabies,  there  is 
first  a  stage  of  deiMression,  characterized  by  irritability,  restlessness, 
abnormal  appetite  (for  rubbish,  etc.),  dysphagia,  and  nausea.  This 
stage  lasts  for  two  or  three  days,  and  is  the  dangerous  one  for  man, 
because  the  disease  may  not  be  suspected.  This  is  followed  by  a 
stage  of  madness,  or  frenzy,  lasting  three  or  four  days,  in  which  the 
dog  charges  about,  barking  furiously  with  a  hoarse  bark,  and  biting 
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anything  with  which  it  comes  in  contact;  this  stage  terminates  in 
paralysis  and  death.  From  the  beginning  there  is  a  large  quantity  of 
ropy  saliva  secreted.  In  the  quiet j  or  melancholy  form,  the  disease 
skips  from  the  first  to  the  third  stage,  death  occurring  within  two 
or  three  days  from  the  beginning. 

In  man  the  symptoms  of  the  first  stage  are  restlessness,  excita- 
bility, a  vague  terror,  insomnia,  anorexia,  and  occasionally  some 
thickening  of  the  cicatrix,  which  may  be  the  seat  of  a  burning  or 
itching  pain.  These  symptoms  last  about  twenty-four  hours,  and 
are  succeeded  by  the  second  stage,  in  which  there  are  dysphagia 
owing  to  spasm  of  the  pharynx,  and  dyspnea  from  spasm  of  the 
respiratory  muscles.  The  spasms  are  clonic  in  character,  may  be- 
come more  or  less  generalized,  and  are  precipitated  by  the  slightest 
irritation,  especially  by  attempts  to  swallow  liquid,  hence  the  term 
hydrophobia.  As  in  the  dog,  there  is  a  large  quantity  of  ropy  mucus 
and  saliva  secreted.  Owing  to  the  spasm  of  the  respiratory  muscles, 
noises,  which  have  been  likened  to  the  barking  of  a  dog,  may  be 
produced.  During  this  stage  there  are  outbreaks  of  mania  with 
lucid  intervals.  There  is  usually  very  little  fever,  and  at  the  end  of 
one  to  three  days  death  occurs  from  a  rapidly  ascending  paralysis. 
No  authentic  case  of  infection  of  man  by  man  has  been  reported. 
The  disease  invariably  results  in  death. 

The  Treatment. — In  the  prophylactic  treatment  should  be  men- 
tioned the  muzzling  of  dogs.    A  wound  produced  by  a  supposedly 
mad  dog  should  be  squeezed  and  sucked,  and  disinfected  with  for- 
maldehyd  solution,  5  per  cent.,  which,  according  to  Cimiming,  is  a 
specific;  cauterization  is  not  recommended.    When  on  an  extremity,  a 
ligature  should  be  placed  above  the  bite  until  the  wound  has  been 
disinfected.     Excision  is  preferable,  and  may  be  efficacious  even  a 
number  of  days  after  the  injury,  as  the  xarus  tends  to  remain  localized 
and  merely  creeps  along  the  nerves.     The  animal  should  not  be 
killed,  but  allowed  to  die  of  the  disease,  if  it  be  really  present,  when 
a  positive  diagnosis  may  be  made.    As  soon  as  possible  after  inocu- 
lation the  patient  should  be  given  the  Pasteur  treatment  (antirabies 
vacciPtatiopi),  which  is  prophylactic  and  not  curative.     It  is  foimded 
on  the  principle  of  inducing  active  immunity  by  the  injection  of 
ascending  doses  of  the  virus.    The  most  xdrulent  virus  obtainable 
is  secureii  by  passing  the  poison  from  a  dog  through  a  succession  of 
rabbits,  until  the  incubation  period  is  shortened  from  three  weeks  to 
seven  daj-s.    When  the  virus  has  reached  its  maximum  intensityi 
it  is  called  vims  fixe,  in  contradistinction  to  the  ^d^us  in  accidental 
infected  animals>  whose  strength  is  not  known.    The  i^Mnal  coida 
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)f  rabbits  which  have  died  after  inoculation  with  the  virus  fixe 
gradually  lose  their  virulence  by  drying,  until  at  the  end  of  fourteen 
days  they  are  practically  innocuous.  The  vaccine  consists  of  about 
I  cm.  of  the  spinal  cord  of  a  rabbit  killed  by  the  fixed  virus,  emulsified 
with  s  C.C.  of  sterile  broth  or  salt  solution.  About  3  c.c.  of  this  emul- 
sion are  used  as  an  injection  twice  a  day.  On  the  firstd  ay  3  c.c.  of  a 
fourteen  day  cord  and  3  cc.  of  a  thirteen  day  cord  are  injected,  and  the 
strength  is  gradually  increased,  until  on  the  eighteenth  day  2  c.c.  of  a 
three  day  cord  are  used.  In  bites  about  the  head  and  face,  in  which 
the  period  of  incubation  is  shorter,  the  virulency  of  the  injections 
may  be  increased  more  rapidly.  If  the  patient  lives  within  a  day's 
journey  of  a  reliable  Pasteur  Institute,  the  virus  may  be  sent  to  him 
bymafl  and  injected  by  the  family  physician.  Of  104,347  cases  in 
irfiidi  the  Pasteur  treatment  has  been  used,  but  .73  per  cent, 
developed  hydrophobia  (Bernstein).  Very  rarely  (.048  per  cent,  of 
the  cases)  a  localized  or  an  ascending  paralysis  develops  during  the 
treatment,  and  this  possibility  should  be  explained  to  those  who  insist 
on  taking  the  antirabic  treatment  in  the  absence  of  evidence  that  the 
bitmg  animal  was  rabid  (Fielder).  The  serum  of  artificially  immun- 
iod  sheep  has  been  recommended,  both  for  prophylactic  and  cura- 
tive purposes,  but  has  apparently  never  been  used  in  man.  After  the 
symptoms  have  once  appeared,  chloroform,  chloral,  and  morphin 
should  be  employed,  and  the  patient  carefully  guarded  from  all 
forms  of  irritation. 

Pseudohydrophobia,  or  lyssophobia,  is  a  mixture  of  hysteria  and 
fright,  and  is  invariably  followed  by  recovery. 

ANTHRAX 

Anthrax  (malignant  pustule,  wool-sorter^s  disease,  splenic  fever, 
ckiirban,  Milzbrand)  is  an  acute  infectious  disease  occurring  in 
immals,  particularly  cattle,  and  occasionally  communicated  to  man. 
Dogs,  cats,  pigs,  the  majority  of  birds,  and  cold  blooded  animals 
are  naturally  immune  to  anthrax  The  disease  is  common  in 
Russia,  Hungary,  and  certain  parts  of  France  and  Germany,  and 
comparatively  infrequent  in  England  and  the  United  States.  It  is 
aused  by  the  anthrax  bacillus ,  a  non-motile,  facultative  anaerobe  with 
quare  or  slightly  cupped  ends,  which  is  equal  in  length  to  the  diam- 
ter  of  a  red  blood  corpuscle  or  even  longer,  and  which  has  a  tendency 
0  fcwm  chains.  When  cultivated  outside  the  body  it  forms  spores, 
Udi  have  the  greatest  resistance  to  all  forms  of  antiseptics.  The 
idDus  is  found  in  local  lesions,  in  the  circulating  blood,  and  in  the 
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various  organs  of  ihe  body.  In  animals  it  enters  the  body  through 
the  gastrointestinal  tract  with  the  food.  More  rarely  the  lungs  are 
infected  by  inhalation.  In  man  the  organism  usually  lodges  in  a 
wound  or  abrasion,  although  the  gastrointestinal  and  pulmonary' 
varieties  may  occur.  The  bacilli  may  be  conveyed  by  flies,  and  by 
catgut  prepared  from  diseased  animals.  Farmers,  butchers,  veter- 
inary surgeons,  and  those  who  handle  hides,  wool,  horsehairs,  and 
similar  animal  products,  are  predisposed  to  the  disease.  Shaving 
brushes  and  fur  boas  also  have  been  responsible  for  infection. 

In  external  attlkrax,  the  usual  lesion  in  man,  the  symptoms 
appear  in  from  one  to  five  or  six  days  or  even  longer.  The  character 
of  the  local  lesion  largely  depends  upon  the  structure  of  the  part; 
thus  in  dense,  highly  vascular  tissue  anthrax  carbuncle,  or  nmlignanl 
pustule,  results,  and  in  lax  parts,  with  a  poorer  blood  supply,  an- 
thrax edema  occurs.  Malignant  pustule  (Fig.  74  )  begins  as  a  small, 
red,  burning  or  itching  pimple,  capped  by  a 
vesicle,  which  rapidly  grows  in  size.  The  sur- 
rounding tissues  become  red  and  infiltrated,  and 
a  secondary  ring  of  vesicles  develops  around  the 
primary  vesicle,  which  soon  bursts  and  turns 
black,  forming  a  tenacious  slough;  in  the  mean- 
time the  lymphatic  glands  enlarge  and  gro^ 
tender.  The  process  may  be  arrested  at  this 
point,  the  slough  separating  and  the  resulting 
ulcer  healing  by  granulation.  Anthrax  edema  i- 
a  man  nho  worked  m  characterized  by  a  rapidly  spreading,  livid  edema  -. 
which  is  associated  with  vesicles  filled  with  dark 
bloody  serum,  and  followed  by  gangrene  of  the  skin  and  subcutan- 
eous tissues.  In  cither  form  of  external  anthrax  pain  is  slight  and 
suppuration  absent,  and  in  many  instances  the  constitutional  symp- 
toms are  few  and  mild.  When  the  process  spreads  and  bacteremia 
develops,  there  are  symptoms  of  genera!  intoxication,  such  as  high 
temperature,  rapid  pulse,  vomiting,  embarrassed  respiration,  and  de- 
lirium, the  patient  dying  in  from  one  to  seven  days  from  the  onset. 
Inknial  anthrax  also  occurs  in  two  forms.  In  intestinal  anthrax 
there  arc  vomiting  and  blood  stained  diarrhea;  in  the  pulmonary 
form  cough,  rapid  respiration,  cyanosis,  and  physical  signs  of  pneu- 
monia; the  symptoms  in  either  instance  rapidly  progressing  to 
collapse  and  death. 

The  diagnosis  should  always  be  confirmed  by  bacteriological 
examination.  Ordinary  carbuncle  is  distinguished  from  anthiu 
by  the  presence  of  pain,  numerous  points  of  suppuration,  and  a 
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chronic  course.  The  sptreading  forms  of  cellulitis  differ  from  anthrax 
edema  by  the  greater  pain,  the  marked  tendency  to  suppuration, 
and  the  absence  of  the  characteristic  adherent  sloughs.  The  prog- 
nosis of  external  anthrax  is  more  favorable  in  the  carbuncular  form 
than  in  anthrax  edema.  The  mortality  is  from  lo  to  25  per  cent. 
Recovery  is  rare  after  infection  of  the  lungs  or  intestinal  canal. 

The  treatment  is  excision  whenever  possible,  the  resulting  wound 
being  cauterized  with  pure  carbolic  acid  followed  by  alcohol,  with 
the  actual  cautery,  or  with  nitric  acid.  In  other  cases  free  incisions 
should  be  made,  and  bichlorid  of  mercury,  i  to  1000,  iodin,  i  to  2  in 
water,  or  carbolic  acid,  2  or  3  per  cent.,  injected  into  and  around  the 
infected  tissues.  The  wound  should  be  dressed  with  wet  bichlorid  com- 
presses, I  to  1000.  Ipecac  has  been  used  locally  and  internally.  The 
constitutional  treatment  is  that  of  septicemia.  The  patient  should 
be  isolated,  dressings  burned,  and  discharges  disinfected.  After 
removal  of  the  patient  a  room  should  undergo  the  most  rigid  disin- 
fection, owing  to  the  great  resistance  of  the  spores.  Very  favorable 
results  have  been  reported  from  the  use  of  Sclavo's  serum,  which  is 
made  by  immunizing  asses  with  attenuated  cultures  of  the  bacillus; 
30  to  40  c.c.  aje  injected  into  the  flank  in  three  or  four  different 
places,  or  in  severe  cases  directly  into  a  vein.  Kraus  administers 
from  10  to  50  c.c.  of  normal  bovine  serum  subcutaneously,  the  serum 
first  being  raised  twice  to  56°  C.  for  one-half  hour;  of  140  patients 
thus  treated  only  one  died.  Cattle  are  protected  from  anthrax  by 
inoculating  them  with  a  virus  weakened  by  heat. 

« 

GLAIIBERS 

Glanders  (Farcy,  Equinia,  Malleus)  is  an  infectious,  contagious 
disease  occurring  in  animals,  particularly  horses,  asses,  and  mules, 
and  occasionally  transmitted  to  man.  The  specific  organism,  the 
bacillus  mallei,  is  an  amotile,  facultative  anaerobe,  looking  somewhat 
like  the  tubercle  bacillus.  It  gains  entrance  to  the  tissues  through  a 
wound  or  abrasion  of  the  skin,  or  through  the  unbroken  mucous 
membrane  of  the  conjunctivae  or  respiratory  passages.  The  period 
of  incubation  is  four  or  five  days.  Glanders  may  be  acute  or  chronic, 
and  is  characterized  by  the  development,  under  the  skin  or  mucous 
membrane,  of  nodules  that  suppurate  and  give  rise  to  ulcers,  which 
may  burrow  deeply  and  attack  the  bone.  These  nodules  may  be 
scattered  also  in  the  various  viscera.  The  term  farcy  is  sometimes 
restricted  to  the  cutaneous  form,  when  the  nodules,  which  develop 
chiefly  along  the  lymph  vessels,  are  called  ** farcy  buds."     The  con- 
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stitutional  symptoms  are  those  of  septicemia.  Death  may  occur 
within  a  week  in  acute  glanders.  In  the  chronic  form  the  lesions  are 
more  circumscribed  and  develop  more  slowly,  recovery  occurring 
in  so  per  cent,  of  the  cases. 

Diagnosis. — ^Acute  glanders  may  be  mistaken  for  such  suppura- 
tive affections  as  small-pox,  although  the  lesions  are  deeper  and 
there  is  absence  of  umbilication.  In  the  ulcerative  stage  it  may  be 
confused  with  syphilis  or  tuberculosis.  In  doubtful  cases  a  history 
of  exposure  to  infection,  a  bacteriological  examination,  and  inocula- 
tion of  the  pus  into  a  guinea-pig  will  settle  the  diagnosis.  In  ani- 
mals mallein,  a  bacterial  product  made  like  tuberculin,  is  injected 
subcutaneously,  causing  fever  and  localized  swelling  if  glanders  is 
present. 

Preventive  treatment  consists  in  the  destruction  of  infected 
animals.  In  man  nodules  are  extirpated,  ulcers  curetted  and  disin- 
fected, and  abscesses  opened  and  cauterized.  The  constitutional 
treatment  is  that  of  septicemia. 

ACTINOMYCOSIS 

Actinomycosis  is  an  infectious  disease,  occurring  principally 
in  cattle  {lumpy  jaw),  and  occasionally  in  man.  The  cause  is  the 
ray  fungus,  or  actinomyces,  which  belongs  to  the  streptothrices,  a 
group  of  micro-organisms  lying  between  the  moulds  and  bacteria. 
It  is  anaerobic,  and  occurs  in  clumps  consisting  of  a  central  mass, 
with  radiating  threads  or  mycelia  with  club-like  ends.  The  ray 
fungus  is  widely  distributed  in  nature,  but  is  most  frequently 
found  in  various  forms  of  grain,  from  which  it  enters  the  tissues 
through  the  respiratory  tract  (e.g.,  by  inhaling  dust  during  the 
grinding  of  com),  through  the  alimentary  tract  (from  the  chewing 
of  raw  grain),  or  through  an  abrasion  or  wound  of  the  skin. 

Pathologically  the  process  resembles  a  chronic  inflammation, 
which,  owing  to  the  abundant  round-celled  infiltration  and  prolifer- 
ative changes  in  the  connective  tissue  cells,  forms  tumor-like  masses. 
The  ray  fungus  is  probably  not  pyogenic,  but  suppuration  is  prone 
to  occur,  as  the  result  of  secondary  infection  with  pus  germs.  The 
disease  occurs  most  frequently  in  the  lower  jaw  and  adjacent  tissues, 
less  frequently  in  the  respiratory  tract  and  intestines,  and  rarely 
in  the  skin. 

The  symptoms  are  those  of  a  firm  and  painless  swelling  that 
gradually  increases  in  size  and  finally  breaks  down  at  various  points, 
giving  rise  to  sinuses  that  discharge  pus  having  a  peculiar  earthy 
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odor  and  containing  minute,  gritty,  sulphur-yellow  bodies,  which 
under  the  microscope  are  found  to  be  masses  of  actinomycetes. 
The  l}7nphatic  glands  are  not  at  first  involved,  but  may  become 
so  later,  owing  to  mixed  infection,  which  is  responsible  also  for 
the  constitutional  symptoms.  The  process  spreads  from  its  point 
of  origin,  involving  tissues  by  contiguity  irrespective  of  their  struc- 
ture. Rarely  it  may  break  into  a  vein,  causing  a  general  dissemi- 
nation of  the  actinomycetes  (actinomycotic  pyemia).  If  all  the 
organisms  are  discharged  by  suppuration,  spontaneous  recovery 
may  occur;  indeed  this  may  happen  in  portions  of  the  mass,  giving 
a  nodular  and  puckered  appearance,  which  has  been  regarded  as 
ahnost  pathognomonic.  When  involving  the  cervico-facial  region 
trismus  is  frequently  seen.  The  prognosis  is  favorable  if  the  disease 
is  so  situated  as  to  be  accessible  to  surgical  treatment,  and  exceed- 
ingly unfavorable  in  regions  like  the  internal  organs,  in  which  it 
cannot  be  completely  eradicated,  death  occurring  from  exhaustion 
or  sepsis. 

The  treatment  is  excision,  if  the  lesion  be  small;  in  other  cases 
the  sinuses  should  be  widely  opened,  curetted,  swabbed  with  tincture 
of  iodin  or  cauterized  with  pure  nitrate  of  silver,  and  packed  with 
iodoform  gauze.  The  constitutional  treatment  consists  in  the 
use  of  large  doses  of  iodid  of  potassium,  which  is  given  for  one  week, 
then  discontinued  for  three  or  four  days,  and  given  for  another 
week.  The  interruptions  allow  resistant  spores  to  develop  into 
adult  forms,  when  they  are  more  readily  destroyed  by  the  drug. 
Iodid  of  potassium  in  i  per  cent,  solution  may  be  used  as  an  injection 
into  and  around  the  focus  of  infection.  The  X-rays  also  have  been 
used, 

MYCETOMA  OR  MADURA  FOOT 

Mycetoma,  or  madura  foot,  is  an  infectious  disease,  almost 
in\'ariably  attacking  the  foot,  and  occurring  most  frequently  in 
hdia  and  rarely  in  America.  The  disease  is  closely  related  to 
actinomycosis,  being  caused  by  the  streptothrix  madurce.  Following 
^injury  to  the  foot,  there  develops  a  nodular  inflammatory  swelling 
tiuit  breaks  down  and  forms  sinuses  discharging  a  watery  pus, 
which  contains  masses  of  the  organism  in  the  form  of  whitish  or 
black  granules.  In  the  former  instance  the  disease  is  called  pale, 
9f  ackraid,  in  the  latter  black,  or  melanoid  mycetoma.  The  foot 
becomes  greatly  enlarged  and  deformed,  and  the  leg  atrophied.  In 
very  early  cases  the  area  may  be  excised;  later  amputation  is  the 
only  treatment. 
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LEPROSY 

Leprosy  (leprae  elephantiasis  Gracarum)  is  an  infectious 
and  feebly  contagious  disease  caused  by  the  bacillus  lepra,  which 
closely  resembles  the  tubercle  bacillus,  though  it  is  more  readily 
stained  and  less  frequently  curved.  Excepting  some  of  the "  Gulf 
states  and  portions  of  the  Pacific  coast,  leprosy  is  very  rare  in  the 
United  States,  but  is  common  in  Mexico,  South  America,  Norway 
and  Sweden,  and  in  the  Orient.  It  occurs  in  two  forms,  the  tuber- 
cular and  the  anesthetic,  which  are  often  associated.  The  period 
of  incubation  is  generally  from  three  to  five  years.  Tuberculated. 
or  cutaneous  leprosy,  occurs  most  frequently  on  the  face,  hands, 
feet,  and  extensor  surfaces  of  the  elbows  and  knees.  After  a  period 
of  feverishness  with  digestive  disturbances,  there  appear  little 
hyperemic  nodules,  which  may  disappear  only  to  reappear.  Later  . 
the  redness  fades  and  the  nodules  increase  in  size,  occasionally 
becoming  as  large  as  a  hen*s  egg,  and  break  down  to  form  indolent 
ulcers,  or  are  converted  into  contracting  cicatricial  tissue,  which 
causes  hideous  deformities,  that  of  the  face  being  characteristic 
{leontiasis  leprosa);  the  mucous  membranes  and  the  viscera  like- 
wise may  be  involved,  and  there  is  atrophy  of  the  testicles  or  ovaries 
with  loss  of  sexual  power.  Anesthetic ,  or  nervous  leprosy,  begins 
with  neuralgia  and  tenderness  of  certain  peripheral  nerves,  most 
frequently  the  median,  ulnar,  saphenous,  and  peroneal.  Later 
there  are  anesthesia,  paralysis,  and  trophic  disturbances,  the  last 
involving  the  bones,  joints,  and  muscles,  as  well  as  the  skin,  and 
producing  great  deformity.  Whitish  or  brownish  spots  appear 
on  the  skin,  and  gradually  grow  larger  and  coalesce.  As  the  result 
of  injuries  to  the  anesthetic  areas,  various  secondary  infections 
may  occur,  producing  widespread  ulceration,  or  even  gangrene 
{lepra  mutilans).  Death  occurs  in  from  one  to  twenty  years, 
from  exhaustion,  or  from  some  complication,  not  uncommonly 
tetanus  or  tuberculosis: 

The  treatment,  in  addition  to  isolation  of  the  patient,  is  symp- 
tomatic, no  specific  drug  being  known.  Of  the  many  remedies  which 
have  been  tried,  chaulmoogra  oil,  15  to  20  drops  daily,  on  bread, 
seems  to  be  the  most  beneficial.  Oudin  is  a  warm  advocate  of 
radiotherapy.  In  the  very  earliest  stages  excision  of  the  diseased 
areas  may  be  considered.  In  the  anesthetic  variety  nerve  stretching 
has  been  recommended.  Ulcers,  gangrene,  etc.,  are  treated  accord- 
ing to  general  surgical  principles;  amputations  and  other  operations 
may  be  required,  the  wounds  in  such  cases  healing  without  mishap. 
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SYPHILIS 

Syphilis  is  a  highly  contagious  disease  due  to  the  spirocheia 

(irepanema)  pallida  (Schaudinn  and  HoflFman),  an  actively  motile, 

unicellar,   spiral   parasite   (probably   a   protozoon),   varying   from 

4  to  14^  in  length,  and  possessing  pointed  ends  and   from  3  to 

12  curves.     The  spirocheta  may  be  found  in  the  primary  and  in  all 

secondary  lesions,  also  in  the  blood,  urine,  saliva,  lymph  glands, 

and  internal  organs.     It  has  been  found  in  small  numbers  in  gum- 

mata  and  in  large  numbers  in  still-born  syphilitic  fetuses.     It  has 

been  cultivated  in  artificial  media  (Noguchi)  and  produces  syphilis 

in  apes,  from  the  lesions  of  which  it  can  again  be  recovered. 

Methods  <rf  Infections. — Excepting  (i)  ^' conceptional  syphilis,'' 
in  which  a  mother  is  contaminated  by  a  syphilitic  fetus  (the  father 
having  the  disease)  through  the  placental  circulation,  acquired 
syphilis  is  always  (2)  initiated  by  a  chancre,  the  result  of  infection 
of  an  abrasion  or  other  solution  of  continuity  of  an  epithelial  surface, 
usuaDy  of  the  genital  organs  during  sexual  intercourse.  Syphilis 
insontium  is  a  term  applied  to  the  disease  innocently  acquired,  the 
chanae  in  these  cases  often  being  extragenital,  e.g.,  on  the  lip  from 
the  use  of  an  infected  glass  or  pipe.  The  disease  may  be  carried 
by  a  third  person  who  does  not  acquire  the  disease;  thus  an  uncleanly 
surgeon  may  convey  the  virus  on  his  finger  from  one  patient  to 
another.  Congenital,  or  hereditary  syphilis,  does  not  present  a 
chanae;  it  is  (i)  the  result  of  syphilis  in  one  or  botli  parents  previous 
to  conception,  or  (2)  of  infection  through  the  placenta  in  case  the 
nwther  acquires  the  disease  subsequent  to  conception.  ^*  Accidental 
UMKulations,  conjugal  syphilis,  and  hereditary  syphilis  together 
far  outnumber  the  venereal  cases"  (Post).  '*ln  1080  patients 
in  the  Johns  Hopkins  dispensary,  without  reference  to  what  disease 
the)'  came  for  (genitourinary  cases  excepted),  there  were  10.8  per 
cent  who  gave  a  positive  Wassermann'*  (Walker).  The  disease  is  ac- 
tively contagious  for  several  years,  i.e. ,  during  the  primary  and  second- 
an- stages.  When  the  tertiary  stage  has  been  reached  the  disease  is 
iaid  to  be  no  longer  contagious,  although  the  organisms  have  been 
demonstrated  in  the  lesions.  The  germ  of  syphilis  is  difficult  to 
M.  thus  a  wound  will  frequently  be  the  site  of  a  chancre  though 
carefully  disinfected  within  even  a  few  hours  after  its  infection. 
The  views  concerning  immunity  to  syphilis  have  been  revolution- 
ized since  the  discovery  of  the  Wassermann  reaction.  It  was 
formerly  taught  that  one  attack  of  the  disease  conferred  immunity 
against  subsequent  attacks,  that  a  woman  might  have  a  syphilitic 
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husband  and  syphilitic  children  without  becoming  tainted  {CoUes 
immunity),  and  that  healthy  children  might  be  born  to  syphiliti( 
parents  {Profeta^s  immunity).  It  is  now  known  that  in  all  thes( 
instances  the  so-called  immunity  is  not  immunity,  but  insusceptibilit} 
due  to  latent  syphilis,  as  the  individuals  in  question  react  to  th( 
laboratory  tests  for  syphilis.  In  other  words,  immunity  to  syphilis 
does  not  exist,  and  this  means,  if  we  are  to  believe  the  arsphenamiD 
enthusiasts,  that  reinfection,  which  was  very  rare  with  the  older 
forms  of  treatment,  because  the  patients  were  not  cured,  will 
become  much  more  frequent  after  the  recoveries  that  are  now  being 
obtained  with  arsphenamin. 

The  period  of  incubation  is  from  one  week  to  three  months,  the 
average  being  twenty-one  days.  During  this  time  the  breach  of 
surface  through  which  the  organism  has  entered  the  body  heals 
and  no  signs  of  trouble  are  manifest,  unless  there  has  been  at  the 
same  time  infection  with  chancroidal  or  pyogenic  bacteria. 

The  disease  itself  is  divided  into  three  stages:  The  primary 
stage  comprises  the  chancre  and  indolent  bubo.  The  time  elapsing 
between  the  appearance  of  the  chancre  and  the  second  stage,  usually 
about  six  weeks,  is  called  the  period  of  secondary  incubation.  The 
second  stage  consists  principally  of  superficial  lesions  of  the  skin 
and  mucous  membranes.  It  lasts  from  one  to  three  years,  and  is 
followed  by  recovery,  or  by  a  latent  or  intermediate  period,  lasting 
from  a  few  months  to  many  years  (usually  two  to  four  years),  in 
which  the  symptoms  are  slight  or  absent.  The  third  stage,  the 
duration  of  which  is  indefinite,  consists  of  gummatous  degeneration 
or  diffuse  sclerotic  changes  in  various  parts  of  the  body.  In  some 
cases  the  secondary  merges  with  or  overlaps  the  tertiary  stage,  sc 
that  no  distinct  line  can  be  drawn  between  them. 

The  typical  chancre,  or  initial  lesion,  begins  as  a  minute,  erythe 
matous,  painless  papule,  which,  as  it  enlarges,  becomes  indurate( 
and  loses  its  epithelial  covering,  appearing  as  a  round,  oval,  0 
Unear  erosion,  whose  center  is  covered  by  a  grayish,  glistening  film 
and  whose  border  is  the  color  of  raw  muscle.  Suppuration  i 
shght  or  absent,  the  discharge  being  scanty,  thin,  and  waterj 
Chancre  is  usually,  but  not  invariably,  single.  When  multiple  a 
the  chancres  appear  at  the  same  time,  as  the  infection  is  not  aut( 
inoculable.  A  chancre  does  not  always  present  the  same  appea 
ance,  being  modified  according  to  its  situation  and  the  presence  < 
absence  of  complications,  which  are  rare.  On  the  skin  a  chanc 
not  exposed  to  maceration  or  irritation  does  not  ulcerate,  or  at  mo 
simply  desquamates,  forming  a  scab.     When  subjected  to  irritatii 
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or  maceration  it  ulcerates  {Hunterian,  or  ulcerative  chancre),  then 
bdng  oval  or  round  with  sloping  edges.  The  characteristic  features 
(rf  a  chancre  may  be  masked  by  the  presence  of  phagedena  or  other 
forms  of  infection;  in  a  "mixed  chancre,"  in  which  chancroidal  and 
Q-philitic  organisms  are  both  present,  the  diagnosis  can  rarely  be 
made  from  appearances  alone.  The  induration  of  a  chancre,  which 
is  due  to  sclerosis  of  the  blood  vessels  and  hyperplasia  of  the  con- 
nective tissue  cells,  Is  circumscribed  and  of  the  consistency  of  hard 
rabber  or  cartilage,  but  varies  in  thickness  according  to  the  struc- 
ture of  the  affected  part;  thus  on  the  glans  penis  it  may  feel  like  a 
pece  of  paper  (Joliaceous  iriduration)  or  a  visiting  card  (parchment 
induraticm),  while  in  laxer  tissues  it  is  greater  in  extent  and  may 
led  like  a  foreign  body  in  the  tissues  {nodular  induration).  In  rare 
tases  induration  does  not  occur  for  several  weeks  after  the  appear- 
ance of  ulceration;  in  fact,  in  very  rare  instances  it  may  never  occur. 
With  the  healing  of  the  chancre  {usually 
in  from  four  to  six  weeks)  the  indura- 
tioa  gradually  disappears,  but  if  origin- 
iHy  extensive,  it  may  still  be  detected 
1«  months  or  years.  Little  or  no  scar 
wulls,  unless  the  corium  has  been  de- 
Sioyed  by  ulceration.  Ulceration  or 
naduration  at  the  site  of  the  original 
diancre  {chancre  redux)  may  occur  after 
JtaR  as  the  result  of  reinfection  {very  p^^,       — char 

nrej  or  gummatous  degenerat  on.  The 
fflost frequent  situation  of  chancre  in  the  male  is  the  balanopreputial 
foklin  the  female  the  inner  surface  of  the  labia  majora.  Fournier, 
We\-er.  has  seen  chancre  on  every  part  of  the  body  except  the  sole 
frfthe  foot.  A  chancre  may  be  easily  overlooked,  e.g.,  when  on  the 
OS  uteri,  when  of  the  non-ulcerating  or  desquamating  variety,  and 
•ben  situated  in  some  extragenital  region. 

The  Efypbilitic  bubo  {satellite  bubo)  is  a  constant  consort  of  the 
chancre,  appearing  with  its  induration.  The  enlarged  glands 
appear  in  the  groin  when  the  lesion  is  upon  the  external  genitals, 
in  the  submaxillary  region  when  on  the  lip,  and  in  the  axiUa  when 
on  the  breast  or  hand.  They  are  (i)  small,  (2)  non-inflammatory 
(painless,  freely  movable,  not  covered  by  adherent  or  reddened 
skin,  and  do  not  suppurate),  (3)  hard  (induration  of  the  chancre 
transferred  to  the  lymphatic  glands),  and  (4)  polyganglionic  {pleiad 
of  Ricord),  feeling  like  a  group  of  almonds  (amygdaloid)  beneath 
Ike  skin.    An  inflammatory  bubo  the  result  of  any  other  form  of 
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infection,  including  chancroid  and  gonorrhea,  pursues  an  acute 
course,  with  pain,  greater  swelling,  immobility  of  the  glands,  ad- 
herent and  reddened  skin,  boggy  induration,  edema,  and  eventual 
suppuration,  and  does  not  respond  to  syphilitic  treatment. 

The  diagnosis  of  chancre  may  be  confirmed  (i)  by  finding  the 
spirocheta  pallida  in  the  discharge;  (2)  by  the  Wassermann    (or 
Noguchi)  serum  reaction,  which  appears  during  the  first  two  weeks 
after  the  chancre  in  50  per  cent,  of  the  cases,  increases  gradually 
in  frequency  up  to  the  fourth  or  fifth  week,  when  it  may  be  obtained 
in  from  80  to  90  per  cent,  of  the  cases,  disappears  when  recovery 
takes  place,  when  the  disease  becomes  inactive,  and  when   the 
patient  is  saturated  with  antisyphilitic  remedies,   and  which    is 
present  only  occasionally  in  other  conditions  (yaws,  leprosy,  noma, 
narcosis,   pellagra,    scarlatina,    pneumonia,    tuberculous    cachexia, 
Hodgkin's  disease,  myeloid  leukemia,  recurrent  fever,  lead  poisoning, 
sleeping-sickness);  (3)  by  the  therapeutic  test  (i.e.,  prompt  response 
to  antisyphilitic  treatment);  or  (4)  by  waiting  for  secondary  symp- 
toms.    If  one  can  have  the  laboratory  tests,  mentioned  above,  made 
there  can  be  no  excuse  for  waiting  until  the  secondary  symptoms 
appear  before  making  a  diagnosis.     If  the  Wassermann  test  is  nega- 
tive, the  spirochetes  can  be  found  in  the  chancre;  the  tests  are  sui> 
plementary.     It  may  be  that  the  luetin  test,  described  by  Noguchi, 
also  will  prove  an  important  diagnostic  aid.     Noguchi  says  it  is  of  the 
greatest  value  in  tertiary  and  latent  syphilis,  while  the  Wassermann  re- 
action is  more  constant  in  primary  and  secondary  syphilis.     Extra- 
genital  chancres  occur  most  frequently  about  the  mouth  (20 per  cent.), 
breasts  (10  per  cent.),  and  anus,  and  are  usually  larger,  but  less 
indurated,  than  the  genital  chancre.    The  discharge  is  more  profuse, 
the  base  of  the  ulcer  covered  with  a  dirty  membrane  or  scab,  the 
adjacent  lymph  glands  are  apt  to  be  larger  and  more  tender,  and 
the  constitutional  symptoms  more  severe.     Of  particular  interest 
to  surgeons  and  obstetricians  is  chancre  of  the  finger,  which  is   fre- 
quently mistaken  for  a  whitlow,  as  it   is   often   accompanied  by 
considerable  pain  and  discharge.     It  is  distinguished  by  its  sharp 
circumscription,  dense  induration,  long  duration,  failure  to  react  to 
antiseptic  treatment,  and  by  enlargement  of  the  epitrochlear  gland. 

Chancroid  has  an  incubation  of  from  one  to  five  days,  is  rarely  ' 
seen  except  on  the  glans  penis  or  prepuce,  commences  as  a  pustule  ^ 
or  ulcer,  is  frequently  multiple,  and  is  autoinoculable;  it  is  usually  ^^ 
irregular  in  shape,  punched  out,  and  excavated,  with  a  dirty  yellow-  ^ 
ish,  uneven  base  and  a  copious  purulent  discharge;  if  induration  is  ^ 
present,  it  is  softer  than  that  of  chancre,  fades  off  gradually  into  •• 
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the  surrounding  tissues,  and  disappears  with  the  healing  of  the 
ulcer;  it  is  painful,  does  not  confer  immunity  against  a  second  at- 
tack, is  more  frequently  complicated  by  extensive  ulceration  and 
suppurative  bubo,  is  healed  by  local  measures  and  uninfluenced 
by  antisyphilitic  treatment,  and  the  bacillus  of  Ducrey  may^be 
found  in  the  discharge.  In  all  cases  search  should  be  made  for 
the  spirochetes,  a  Wassermann  test  made  and,  if  negative,  repeated 
at  the  end  of  the  third  and  sixth  weeks,  and  the  patient  watched 
for  two  months  for  signs  of  secondary  syphilis. 

Herpetic  ulceration  about  the  genitals  follows  fevers,  neuralgia, 
or  irritation  from  dirt  or  discharges,  and  has  no  period  of  incubation. 
It  commences  as  a  number  of  vesicles,  which  may  run  together, 
forming  a  large  irregular  ulceration  whose  edges  are  made  up  of 
segments  of  circles.  The  discharge  is  purulent  but  not  abundant, 
vesicles  which  have  not  burst  may  be  found,  bubo  is  commonly 
absent,  the  ulceration  is  painful,  superficial,  not  indurated,  and  it 
heals  under  local  treatment. 

Urethral  chancre  may  be  mistaken  for  urethritis.  The  period  of 
incubation  of  chancre  is  over  ten  days,  that  of  urethritis  under  one 
week.  In  chancre  the  pain  is  felt  only  at  the  meatus,  in  urethritis 
it  extends  along  the  whole  urethra;  chordee  is  absent  in  the  former, 
present  in  the  latter.  The  discharge  in  chancre  is  scanty,  serous, 
and  sometimes  bloody;  in  urethritis  it  is  profuse,  purulent,  and 
less  frequently  blood  stained.  The  characteristic  induration  may 
be  felt,  and  sui>erficial  ulceration  seen,  in  chancre,  generally  in  one 
of  the  lips  of  the  meatus.  The  bubo  of  chancre  is  constant  and 
practically  never  suppurates;  in  urethritis  bubo  is  absent,  or,  if 
present,  usually  suppurates.  Chancre  is  followed  by  constitutional 
s>Tnptoms,  which  are  absent  in  urethritis.  Microscopic  examination 
of  the  discharge  may  reveal  the  spirocheta  or  the  gonococcus  and 
the  blood  should  be  examined  for  the  Wassermann  reaction. 

Lahial  chancre  may  be  confused  with  epithelioma.  Chancre  in 
this  region  shows  no  marked  preference  for  either  sex ;  it  may  be  seen 
on  either  lip  and  is  more  frequent  in  the  young.  The  general  health 
is  unaffected  and  pain  is  slight  or  absent.  The  ulcer  is  smooth, 
and  has  elevated,  sloping,  regular  borders,  a  glistening  or  varnished 
base,  and  the  sharply  defined,  characteristic  induration;  it  matures 
m  two  or  three  weeks.  Enlargement  of  the  submaxillary  glands  is 
osually  foimd  from  the  beginning,  a  history  of  exposure  to  syphilis 
may  be  obtained,  and  the  diagnosis  may  be  corroborated  by 
finding  the  spirochetal,  by  the  Wassermann  and  therapeutic 
tests,  or,  when   these  tests  are  not   available,   by  waiting  for 
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the  secondary  symptoms.  Epithelioma  is  more  frequent  in  males 
(20  to  i),  is  practically  always  upon  the  lower  Up,  is  seen  after 
middle  life,  affects  the  general  health,  and  may  be  painful;  the  bor- 
ders are  irrepular,  thickened,  and  everted,  and  the  base  is  covered 
with  scabs,  removal  of  which  discloses  bleeding,  fungous  granula- 
tions; the  induration  is  not  as  hard  as  that  of  chancre  and  grad- 
ually diffuses  into  the  surrounding  tissues;  the  ulcer  requires  months 
for  its  development,  the  submaxillary  glands  are  usually  not  palpable 
for  four  or  five  months  or  even  longer,  a  history  of  chancre  in  youth 
may  be  obtained,  the  growth  is  uninfluenced  by  antisj^hilitic 
treatment,  secondary  symptoms  do  not  occur,  and  microscopical 
examination  will  give  the  picture  of  epithelioma. 

Tuberculous  ulceration  of  the  tongue  is  distinguished  from  chancre 
by  the  presence  of  the  lesion  on  the  inferior  surface  of  the  tongue 
(chancre  being  more  frequent  on  the  dorsum),  and  the  presence  of 
several  ulcers;  by  its  greater  extent,  deeper  invasion,  irregular  out- 
line, steep  or  undermined  borders,  yellowish  uneven  base,  absence  of 
induration,  excessive  pain,  and  yellowish  tubercles;  by  the  absence 
of  secondary  symptoms  of  syphilis,  of  the  spirocheta,  and  of  the 
Wassermann  reaction,  and  the  failure  of  antiluetic  remedies;  and 
by  the  diagnostic  methods  given  under  tuberculosis. 

The  secondary  stage  of  syphilis  consists  of  lesions  of  the  skin 
(syphilides) ,  mucous  membranes  (mucous  patches),  appendages  of 
the  skin  (onychia,  paronychia,  alopecia),  enlargement  of  the  lymph 
glands  in  different  parts  of  the  body,  neuralgic  pains,  inflammation 
and  thickening  of  the  periosteum,  arthropathies,  iritis  (rarely  other 
forms  of  eye  disease),  epididymitis,  and  interference  with  the  general 
health  (fever,  anemia,  disorders  of  digestion)  and  with  the  process 
of  reproduction.  Retinitis,  choroiditis,  affections  of  the  acoustic 
nerve,  and  meningitis  are  being  reported  with  increasing  frequency, 
as  secondary  manifestations  whether  as  the  result  of  arsphen- 
amin  treatment  or  more  careful  observation  is  a  matter  of  dispute. 
During  this  period  the  disease  is  not  serious  for  the  patient, 
but  is  dangerous  for  those  with  whom  he  comes  in  contact  and  for  his 
offspring.  Abortion  is  frequent,  or  if  the  child  goes  to  term,  it  is  apt 
to  die  soon  after  birth.  The  lesions  during  this  period  are  widely 
scattered,  almost  always  superficial,  and  tend  toward  recovery  even 
without  treatment. 

The  first  symptom  may  be  the  rash  on  the  skin,  fever,  or  neuralgic 
pains.  The  ^^ fever  of  eruption*'  is  usually  trivial  and  falls  with  the 
development  of  the  eruption;  syphilitic  fever  occurring  later  may  be 
intermittent,  remittent,  or  continuous,  and  has  been  mistaken  for 
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such  diseases  as  rheumatism,  malaria,  and  typhoid  fever.  With  the 
onset  of  secondary  symptoms  the  lymphatic  glands  all  over  the  body 
enlarge  and  assume  the  features  of  the  original  bubo.  The  post- 
cervical,  submental,  and  epitrochlear  glands  are  of  diagnostic  value, 
because  they  are  seldom  enlarged  from  local  pyogenic  infection. 
The  blood  contains  the  organism,  and  shows  a  slight  increase  in  the 
number  of  white  cells,  particularly  of  the  lymphocytes,  with  a 
diminution  in  the  number  of  red  cells  and  the  amount  of  hemoglobin. 
Syphilides  generally  appear  in  from  six  to  seven  weeks  after  the 
appearance  of  the  chancre,  occasionally  earlier,  and  sometimes, 
notably  when  mercurial  treatment  has  been  administered  from  the 
beginning,  not  for  several  months.  The  secondary  skin  rashes 
(syphilodermaki)  may  (i)  ape  any  form  of  cutaneous  eruption,  but 
are  always  an  imperfect  counterfeit;  they  are  (2)  often  apyretic, 
(3)  slow  in  evolution,  (4)  non-inflammatory,  (5)  seldom  itching 
or  painful,  (6)  often  of  a  ham  or  copper  color,  (7)  apt  to  occur  in 
circles  or  segments  of  ciicles,  and  (8)  when  affecting  the  extremities 
most  frequent  on  the  flexor  surfaces  (which  includes  the  sole  of  the 
foot  and  the  palm  of  the  hand) ;  (9)  they  tend  to  recover,  and  are 
fio)  superficial,  (11)  profuse,  (12)  disseminated,  (13)  polymorphous, 
'14)  symmetrical,  and  (15)  desquamating;  (16)  syphilis  in  other 
parts  of  the  body  may  exist,  (17)  the  rash  responds  to  antisyphilitic 
treatment,  (18)  the  Wassermann  test  may  be  positive,  and  perhaps 
^^19)  the  spirocheta  may  be  found.  The  features  ot  the  tertiary 
s>philides  are  listed  under  the  "Tertiary  Stage." 

The  chief  varieties  of  the  syphilides,  progressing  from  the  early  and 
superficial  to  the  late  and  deep,  are  as  follows :  i .  Erythema  (diffuse 
redness)  or  roseola  (maculae  or  spots)  occurs  principally  upon  the 
trunk;  there  is  no  elevation  of  the  surface  and  the  redness  disappears 
upon  pressure.     2.  Papules  may  be  small  and  miliary   {syphilitic 
lichen)  or  large   (occasionally   four  or  five   inches  in  diameter); 
they  may  desquamate  (papulosquamous  syphilides),  or  in  moist 
regions,  as  about  the  genitals,  they  may  become  excoriated  (moist 
p<ipulesj  mucous  patches  of  the  skin,  or  flat  condylomata).     Papulo- 
squamous syphilides  upon  the  palms  and  soles  are  called  palmar  and 
plantar  psoriasis;  papules  on  the  forehead  the  corona  Veneris;  and 
when  the  size  of  lentils  lenticular  papules,     3.  Vesicles  rarely  form  in 
S)philis,  but  a  herpetiform  syphilide  is  described.     4.  Pustules  arise 
from  breaking  down  papules,  hence  syphilitic  acne  when  the  apex  of 
the  papule  suppurates,  syphilitic  impetigo  when  the  whole  papule 
breaks  down,  and  syphilitic  ecthyma  or  rupia  when  the  true  skin  is 
deq>Iy  invaded.    In  rupia  successive  layers  of  scabs  form  resembling 
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an  oyster  shell.  In  ecthyma,  if  a  scab  forms,  it  is  easily  detached, 
exposing  a  punched  out  ulcer  surrounded  by  a  red  zone  of  hyperemia. 
5.  Tubercular  sypkilides  are  large  papules  or  small  gummata.  6. 
Besides  these  types  of  eruption,  discoloration  of  the  skin,  peculiarly 
of  the  neck,  may  occur  (pigmentary  syphilides). 

The  mucous  membranes  are  affected  somewhat  like  the  skin. 
The  sore  throat  of  secondary  syphilis  consists  of  a  reddening  of  the 
fauces  or  tonsils,  which  is  sharply  limited,  reniform  in  shape,  and 
often  followed  by  ulceration,  the  ulcerated  area  being  shallow  with  a 
grayish  color  and  steep  edges.  Mucous  patches  are  papules  due  to  the 
overgrowth  of  papillae,  which,  owing  to  the  sodden  condition  of  the 
epithelium,  are  white  in  color;  they  are  circular  or  oval  in  outline, 
may  progress  to  ulceration,  originate  a  highly  contagious  discharge, 
and  are  commonly  seen  in  the  mouth  and  about  the  anus  and  genitals. 
Condylomata  are  large  tubercles  due  to  hypertrophy  of  papillae; 
they  look  somewhat  like  warts,  often  appear  in  cauliflower-like 
masses,  and  occur  most  frequently  about  the  anus  and  genitals. 
Eruptions  or  inflammations  in  the  larynx  produce  syphilitic  hoarse- 
ness, in  the  ears  transient  deafness. 

Syphilitic  alopecia  is  usually  detected  at  the  time  of  the  sore 
throat  and  skin  eruptions.  It  may  involve  the  head  alone  or  the 
entire  body.  It  occurs  as  a  general  thinning  of  the  hair  or  in  irregu- 
lar patches.  The  skin  is  apt  to  be  scaly.  As  the  follicles  are  not 
destroyed,  the  hair  is  usually  reproduced. 

The  nails  may  be  shed  owing  to  inflammation  of  the  matrix 
{onychia)  y  or  the  skin  around  the  base  of  the  nail  may  be  inflamed  or 
ulcerated  {paronychia). 

The  bones  in  various  regions  may  be  the  seat  of  fugitive  pains, 
which  are  usually  more  severe  at  night  (osteocopic  pains).  Nodes 
due  to  periostitis  may  form,  especially  on  the  skull,  clavicle,  and 
tibia.     In  the  joints  a  symmetrical  synovitis  may  be  noticed. 

Syphilitic  iritis  makes  its  appearance  in  from  three  to  six  months 
after  the  chancre.  It  affects  one  eye  at  first,  but  is  very  apt  to 
spread  to  the  other.  There  are  pain,  impairment  of  vision,  photo- 
phobia, lachrymation,  a  pericorneal  zone  of  hyperemia,  often  a 
change  in  color  of  the  iris,  blurring  and  irregularity  of  the  pupil, 
which  is  usually  small  and  fails  to  react  to  atropin. 

Syphilitic  epididymitis  may  occur  late  in  the  secondary  period, 
and  consists  of  gummatous  nodules  which  are  quickly  dispersed  by 
proper  treatment;  it  may  affect  one  or  both  sides.  Syphilitic  orchitis 
(syphilitic  sarcocele)  is  a  diffuse  sclerosis  of  the  testicle  itself  and 
belongs  to  the  tertiary  period. 
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In  the  inteimediate  period  the  symptonis  may  be  latent,  or  there 
may  be  "reminders,"  such  as  the  syphilides,  principally  syphilitic 
psoriasis,  and  epididymitis.  Retina-choroiditix  and  endarteritis  may 
Ofcur.  the  latter  producing  various  forms  of  paralysis,  owing  to 
anemia  of  the  motor  centers. 

The  tertiarr  stage  is  characterized  by  diffuse  sclerosis  or  gumma- 
tous degeneration  of  any  part  of  the  body.  As  in  the  secondarj- 
stage,  the  blood  shows  a  slight  leukocytosis  without,  however,  so 
distinct  a  lymphocytosis.  The  lesions  are  discrete,  widely  separated, 
and  larger  and  less  common  than  in  the  secondary  stage;  they  are 
often  serious  to  the  patient  but  not  to  others.  Although  any 
of  the  syphilides  may  occur,  the  cutaneous  eruptions  are  almost 
always  tubei  cular  ot  gummatous.  The  tertiary  resemble  the  second- 
ary syphilides  except  in  the  following  particulars:  They  involve 
the  whole  thickness  of  the  skin,  do  not  so  readily  respond  to  treat- 
ment, appear  irregularly,  tend  strongly  to  ulcerate  and  spread,  and 
are  monomorphous,  asymmetrical,  irregular  in 
■listribution,  and  not  so  widely  disseminated. 
The  ulcers  are  excavated,  having  sharply  cut  j; 
or  undennincd  edges  and  a  ragged  base;  they  j 
are  painless,  circular,  or  semilunar  in  shape, 
often  covered  by  thick  crusts  or  a  tough,  ad-  p,^  ^^  —ulcerating 
Went,  dirty  yellow  slough,  and  are  not  apt  to   aurama  of  hand.    Note 

,  ,      ,  I       ■       I        I        I        ■  punched  out  appearance. 

enlarge  the  lymphatic  glands ;  they  leave  perma- 
nent scars  which  are  smooth,  white,  and  depressed  below  the  level 
of  the  surrounding  skin.  Tertiary  ulcers  may  take  on  a  phagedenic 
action,  boring  deeply  into  the  tissues,  or  eating  along  the  surface  in 
circles  or  undulating  lines  (serpiginous).  Severe  tertiary  are  said  to 
follow  mild  secondary  symptoms,  and  mild  tertiary,  violent  second- 
an- symptoms. 

In  diffuse  sclerosis  chronic  inflammatory  changes  are  followed  by . 
hj-perplasia  of  the  fibrous  tissue,  giving  rise  to  endarteritis,  and 
disease  of  the  testicle  (sarcocele),  liver,  spleen,  kidneys,  heart, 
nen-ous  system,  and  other  tissues  or  organs. 

The  gumma  is  a  nodular  rnass  consisting  of  proliferated  con- 
nective tissue  cells,  leukocytes,  and  sometimes  giant  cells,  which, 
owing  to  the  thickening  of  the  blood  vessels  and  the  cutting 
off  of  the  blood  supply,  undergoes  necrotic  changes  (fatly  or 
gummat4ms  degeneration).  With  proper  treatment  this  mass  may 
be  absorbed,  or  the  necrotic  tissue  becomes  semi-fluid  and  breaks 
through  the  skin,  leaving  a  circular  ulcer  with  red.  undermined 
edges,  and  a  characteristic,  dirty,  yellowish-white,  adherent  slough 
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(Fig.  76).  In  some  of  the  internal  organs,  such  as  the  brain,  testicle, 
and  liver,  the  necrotic  tissue  may  become  encysted  and  calcified. 
Gummata  may  be  single  or  multiple.  Occasionally,  mstead  of  a 
well  localized  nodule,  there  may  be  a  diflFuse  gummatous  degenera- 
tion of  a  considerable  area.  The  scars  resulting  from  gummata, 
when  situated  in  a  canal  of  the  body,  may  produce  stricture. 

Parasyphilis  and  metasyphilis  are  terms  applied  to  what  some  call 
the  guar  ternary  stage,  in  which  lesions  of  the  skin  (e.g.,  leukoderma), 
of  the  mucous  membranes  (e.g.,  leukoplakia),  of  the  nervous  system 
(e.g.,  tabes  and  dementia  paralytica),  and  of  other  structures  may 
occur,  lesions  which  are  the  result  of  syphilis,  but  are  no  part  of  the 
disease  itself,  as  they  do  not  react  to  specific  treatment. 

Tertiary  lesions  affecting  special  structures  are  noticed  in  subse- 
quent pages  as  occasion  demands. 

The  diagnosis  of  tertiary  lesions  is  made  (i)  by  the  local  features 
mentioned  above;  (2)  by  the  history,  in  the  taking  of  wh''ch,  if 
chancre  is  denied,  one  should  inquire  particularly  whether  there  has 
been  transient  loss  of  hair,  sore  throat  or  mouth,  skin  rashes,  and  in 
women  frequent  miscarriages;  (3)  by  evidences  of  previous  syphilis, 
e.g.,  periosteal  nodes  (especially  on  the  skull,  clavicle,  and  tibiae), 
iritis,  old  scars,  and  patches  of  induration  on  the  genitals;  (4)  by  the 
therapeutic  test,  which  is  not  always  reliable;  (5)  by  the  Wassermann 
reaction;  and  possibly  (6)  by  recovery  of  the  spirocheta  and  (7)  the 
luetin  test.  In  all  stages  of  syphilis  a  negative  may  frequently  be 
converted  into  a  positive  Wassermann  reaction  by  the  injection  of 
arsphenamin,  the  blood  being  examined  not  later  than  48  hours 
after  the  injection;  this  "provocative  Wassermann"  is  of  most 
service  in  the  diagnosis  of  tertiary  lesions. 

In  syphilis  of  the  nervous  system  the  cerebrospinal  fluid  may 
give  a  positive  Wassermann  reaction,  even  though  the  blood  test 
•is  negative.  In  these  cases  cytological  and  chemical  examination 
of  the  fluid  may  give  additional  information  (see  "  Spinal  Puncture  "). 

The  prognosis  of  syphilis  is  favorable  if  proper  treatment  be 
administered  in  the  early  stages  for  a  sufficiently  long  period,  it  being 
generally  believed  that  cure  will  result  in  the  large  majority  of  these 
cases.  When  the  disease  comes  under  observation  late,  when  the 
patient  fails  to  carry  out  the  treatment,  when  there  is  an  associated 
general  disease,  notably  tuberculosis,  often  the  best  that  can  be  done 
is  to  keep  the  disease  under  control.  Some  cases  seem  to  be  malig- 
nant and  do  not  recover  though  proper  treatment  be  given  from  even 
the  beginning.  A  patient  should  not  be  permitted  to  marry  until 
the  disease  is  cured,  i.e.,  absence  of  symptoms  and  of  the  Wassermann 
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reaction  for  at  least  one  year  after  the  cessation  of  treatment,  and 
never  within  four  years  of  the  date  of  the  chancre. 

The  best  prophylactic  measure,  according  to  Metschnikoff,  is  the 
rubbing  of  calomel  ointment  (calomel  3;^,  lanolin  67)  into  the  site  of 
inoculation;  this  is  said  to  prevent  chancre  if  performed  within  18 
hours  of  the  intercourse  (cf.  ** Prophylaxis  of  Gonorrhea")-  The 
treatment  of  the  disease  itself  consists  in  the  employment  of  mercury, 
or  of  arsphenamin  and  mercury,  during  the  primary  and  secondary 
stages,  and  of  mercury  and  iodids,  with  or  without  arsphenamin, 
during  the  tertiary  stage.  Mercury  and  arsphenamin  are  spiro- 
cheticides;  the  iodids  attack  the  granulomatous  tissue  of  the  gumma, 
thus  liberating  the  spirochetes  and  rendering  them  vulnerable  to 
mercury  and  arsphenamin.  In  view  of  the  difficulty  of  making  a 
positive  diagnosis  from  the  appearance  of  the  chancre  alone,  n^any 
surgeons  used  to  withhold  constitutional  treatment  until  the  appear- 
ance of  secondary  symptoms.  Now  in  even  the  earliest  stages  a 
positive  diagnosis  can  be  reached  by  the  detection  of  the  spirocheta 
and  the  Wassermann  reaction. 

In  employing  mercury  some  prefer  intermiUent  treatment,  believing 
that  after  a  time  the  drug  ceases  to  be  effective  and  the  tissues  need 
a  rest.    Protiodid  of  mercury,  grain  ^^,  is  given  daily  for  six  months, 
then  a  rest  of  a  month  is  taken,  and  treatment  again  given  for  three 
months,  nine  months  of  treatment  being  given  during  the  first  year, 
and  eight  months  during  the  second.     In  the  continuous  method 
protiodid  of  mercury,  grain  %,  is  given  in  pill  form  three  times  a  day 
^ter  meals,  the  dose  being  increased  one  pill  each  day,  so  that  on  the 
s^ond  day  the  patient  takes  %,  on  the  third  i  grain,  and  so  on,  until 
the  gums  become  tender,  the  breath  fetid,  and  the  bowels  loose. 
The  dose  is  then  cut  in  half  and  the  patient  kept  on  this  for  two 
years.    If  in  the  absence  of  other  symptoms  diarrhea  tends  to  per- 
sist, opium,  grain  ^12,  may  be  added  to  each  pill.     Any  of  the  other 
preparations  of  mercury  may  be  used  in  a  similar  way.     When 
mercury  is  not  well  borne  by  the  stomach,  it  may  be  used  by  inunc- 
^wn,  I  dram  of  the  ointment  being  rubbed  into  a  different  portion  of 
the  body  each  day,  so  as  to  avoid  irritation  of  the  skin;  the  method  is 
highly  efficacious   but  dirty.    Intramuscular  injections   are  often 
painful,  and  sometimes  produce  inflammation,  necrosis,  or  embolism. 
They  may  be  indicated  when  a  very  rapid  effect  is  desired,  e.g.,  when 
a  lesion  is  on  the  face  or  threatens  life;  or  when,  owing  to  gastrointes- 
tinal irritation,  mercury  cannot  be  administered  by  mouth  and,  at 
the  same  time,  inunctions  cannot  be  given.     Many  prefer  the  insolu- 
ble preparations,  as  they  are  4absorbed  slowly,  hence  need  be  given 
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only  at  comparatively  long  intervals.  Five  minims  of  a  mixture  of 
calomel  i  and  albolin  4,  lo  minims  of  a  mixture  of  salicylate  of  mer- 
cury I  and  albolin  10,  or  10  minims  of  gray  oil  may  be  injected  once  a 
week.  The  site  of  injection  must  be  recorded,  because  if  symptoms 
of  salivation  appear  it  will  be  necessary  to  excise  the  tissues  contain- 
ing the  unabsorbed  portion  of  the  drug.  Bichlorid  of  mercury 
is  the  soluble  salt  usually  employed.  The  ordinary  dose  is  from 
H2  ^o  M  oi  a  grain.  "This  is  injected  daily,  since  absorption  is 
rapid,  and  must  be  repeated  in  appropriate  doses  until  the  symptoms 
disappear,  after  which  it  is  continued  in  series  of  six  doses  with  inter- 
vals of  six  days*  rest  for  the  first  year,  and  in  series  of  three  doses 
with  intervals  of  nine  days'  rest  for  the  second  year,  the  quantity 
being  increased  or  diminished  in  accordance  with  the  clinical  indica- 
tions" (Martin).  The  injections  are  made  deeply  into  the  muscles 
of  the  back  or  the  buttocks,  selecting  a  new  site  for  each  injection, 
and  using  a  needle  with  a  large  lumen  if  an  insoluble  salt  is  em- 
ployed. In  order  to  avoid  embolism,  the  needle,  unattached  to  the 
syringe,  should  first  be  introduced,  and  allowed  to  remain  a  short 
time,  to  see  if  it  has  entered  a  vein.  Mercury  has  been  used  also  by 
fumigation;  a  dram  of  calomel  is  volatilized  from  a  water  bath,  which 
is  placed  under  a  cane  seat  chair  upon  which  the  patient  sits  naked, 
the  fumes  being  confined  by  a  blanket  which  reaches  from  the  pa- 
tient's neck  to  the  floor.  In  somewhat  the  same  way  mercury  has 
been  introduced  into  the  body  through  the  skin  by  means  of  baths 
(Hg  CI2  ^ss  to  a  bath-tub  full  of  water),  in  which  the  patient  lies  for 
an  hour  or  longer.  Intravenous  injections  should  not  be  employed. 
In  all  cases,  at  least  during  the  early  stages,  the  patient  should  be 
seen  frequently,  or  cautioned  as  to  symptoms  of  mercurialism  {hy~ 
drargyrisniy  ptyalisnt,  salivation),  which,  owing  to  idiosyncrasy,  may 
rapidly  follow  even  small  doses.  The  gums  become  soft,  spongy, 
tender,  and  bleQ.d  easily;  there  is  an  excessive  production  of  thick 
saliva,  with  fetid  breath,  metallic  taste  in  the  mouth,  colicky  pain  in 
the  abdomen,  and  diarrhea.  In  more  severe  cases  the  teeth  loosen, 
the  alveolar  process  becomes  necrotic^  and  severe  ulceration  of  the 
mouth  develops.  Chronic  mercurialism  is  manifested  by  digestive 
disorders,  salivation,  loss  of  weight,  albuminuria,  mental  depression, 
tremor,  and  general  weakness.  These  symptoms  may  be  prevented 
by  careful  regulation  of  the  dose  of  mercury,  by  having  the  teeth  put 
in  order,  by  cleansing  the  mouth  several  times  a  day  with  tooth 
powder  and  tooth  brush,  by  the  use  of  a  mouth-wash  containing 
<:hlorate  of  potash,  and  by  prohibiting  the  use  of  tobacco.  Saliva- 
tion is  treated  by  discontinuing  the  mercury,  by  giving  a  saline 
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purge,  and  by  the  use  of  antiseptic  and  astringent  mouth- washes. 
Albuminuria  calls  for  an  intermission  or  a  great  reduction  in  the  dose 
of  the  mercury. 

The  general  health  should  not  be  neglected,  and  if  necessary 
tonics  should  be  employed.  The  contagious  nature  of  the  malady 
should  be  impressed  upon  the  patient,  who  should  be  directed  to 
have  separate  eating  and  toilet  utensils,  to  avoid  kissing,  to  sleep 
alone,  and  to  bathe  frequently,  paying  special  attention  to  naturally 
moist  parts  of  the  body,  such  as  the  axillae  and  the  perineum.  At 
the  end  of  two  years  the  patient  should  take  mixed  treatment  (hy- 
drarg.  chlor.  cor.  g.  i,  potassium  iodid  5ss,  syrup  sarsaparillae  comp. 
f^iii-foi.  in  water  after  meals)  for  six  months  or  longer,  or  if  there 
have  been  symptoms,  the  mixed  treatment  should  continue  for  six 
months  from  the  last  symptom. 

The  lesions  of  tertiary  syphilis  are  controlled  by  mixed  treatment. 
The  mercury  is  used  for  its  antisyphilitic  action  and  the  iodids  for 
the  absorption  of  gummatous  tissue.  Iodid  of  potassium  or  sodium 
may  be  given  in  a  saturated  watery  solution,  each  drop  of  which 
contains  i  grain  of  the  iodid.  It  is  customary  to  begin  with  5  or  10 
drops  of  this  solution  in  plenty  of  water  after  meals,  and  increase  the 
dose  I  drop  each  day,  until  in  some  intractable  cases  as  much  as  60 
or  more  grains  a  day  are  given.  Toxic  effects  are  manifested  by 
cor\za,  fetid  breath,  disorders  of  digestion,  and  cutaneous  eruptions 
^acne.  vesicles,  bullae).  The  iodid  should  be  discontinued  and 
elimination  stimulated.  Belladonna  and  arsenic  have  been  used  to 
prevent  the  skin  eruptions. 

Arsphenamin  {salvarsan,  Ehrlich's  "606'')  is  a  yellowish  powder 

containing  34.16  per  cent.' arsenic,  the  chemical  name  being  dioxy- 

diamidoarsenobenzoldihydrochlorid.     It    is    given  subcutaneously, 

intramuscularly,  rectally,  or,  as  preferred  by  most  syphilographers, 

intravenously.     At  first  one  dose  was  thought  to  be  sufficient  to  eflfect 

a  cure.    Relapses  followed,  however,  and  now  it  is  customary  to 

repeat  the  injections  once  a  week  for  six  or  eight  weeks,  giving  at 

the  same  time  a  course  of  mejcury,  which  consists  of  inunctions  of 

the  ointment  every  day,  of  the  injection  of  a  soluble  salt  every  day  or 

two  days,  or  of  the  interjection  of  an  insoluble  salt  once  a  week.     A 

rest  of  six  weeks  in  then  taken,  and  the  arsphenamin  and  mercurial 

courses  repeated.     In  primary  syphilis  this  may  be  sufficient  to 

abort  the  disease,  but  the  patient  should  be  watched  for  at  least  a 

year,  and  the  blood  tested  every  month  or  two  during  this  period. 

In  secondary  syphilis  at  least  three  courses  of  arsphenamin  with 

mercury  diould  be  administered,  and  if  a  positive  Wassermann  test 
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or  other  evidences  of  syphilis  continue  the  courses  may  be  rei>eated 
at  intervals  of  six  or  eight  weeks.  In  latent  lues  more  benefit  is 
derived  from  the  old-fashioned  mixed  treatment  than  from  arsphe- 
namin  alone  or  combined  with  potassium  iodid  (Fordyce).  In 
syphilis  of  the  nervous  system  the  Swift-Ellis  method  is  often  em- 
ployed. This  consists  in  giving  arsphenamin  intravenously,  and 
after  one  hour  withdrawing  from  20  to  30  c.c.  of  blood,  from  which 
the  serum  is  separated.  From  10  to  15  c.c.  of  this  medicated  serum 
are  injected  into  the  subarachnoid  space,  after  performing  a  spinal 
puncture  and  allowing  an  equivalent  amount  of  the  cerebrospinal 
fluid  to  escape.  The  simplest  method  of  preparing  the  drug  for 
injection  is  that  of  Alt,  slightly  modified.  The  powder,  which  comes 
in  glass  ampoules  containing  0.6  gram,  the  average  dose,  is  shaken 
with  30  c.c.  of  warm  normal  salt  solution,  in  a  glass-stoppered  bottle, 
until  dissolved.  About  2  c.c.  of  normal  sodium  hydroxid  solution 
is  then  added.  This  precipitates  a  yellowish  sediment,  which  is 
redissolved  by  adding  more  of  the  sodium  hydroxid  solution,  drop 
by  drop,  until  the  fluid  is  clear.  If  the  intravenous  route  is  chosen, 
enough  salt  solution  should  be  added  to  bring  the  quantity  up  to 
250  C.C.  A  large  vein  is  made  prominent  by  compression,  punctured 
with  a  platino-iridum  needle,  and,  after  a  few  drops  of  blood  have 
escaped,  the  needle  attached  by  means  of  a  rubber  tube  to  a  gradu- 
ated glass  reservoir  containing  salt  solution.  As  soon  as  the  salt 
solution  begins  to  flow  into  the  vein,  the  rubber  tube  is  pinched,  the 
salt  solution  poured  from  the  reservoir,  and  the  prepared  salvarsan 
introduced.  The  drug  must  be  prepared  immediately  before  injection 
and  should  not  be  given  to  those  with  nonsyphilitic  organic  diseases, 
especially  of  the  kidneys,  heart,  blood  vessels,  optic  or  auditory 
nerves,  or  central  nervous  system,  or  to  those  who  have  previously 
had  arsenical  treatment  or  who  possess  an  idiosyncrasy  to  arsenic. 
The  patient  may  be  kept  in  bed  for  24  hours  after  the  injection. 
Intravenous  injections  may  be  followed  by  a  chill  or  by  thrombosis, 
subcutaneous  and  intramuscular  injections  by  a  painful  induration 
or  sloughing,  and  all  methods  of  administration  by  fever,  vomiting, 
and  watery  stools.  The  Jarisch-Herxheimer  reaction  is  an  intensi- 
fication of  the  symptoms  of  syphilis  sometimes  observed  after  the 
administration  of  arsphenamin  or,  to  a  less  extent,  mercury.  Among 
the  more  serious  symptoms  which  have  been  noted  after  the  injec- 
tion of  arsphenamin  are  blindness,  deafness,  hematemesis,  melena, 
multiple  neuritis,  intractable  dermatitis,  albuminuria,  vesical  paraly- 
sis, irregularity  of  the  heart,  jaundice,  and  convulsions.  A  number 
of   deaths  following  injection  have  been  reported,  and  no  doubt 
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there  are  a  number  which  have  not  been  reported.  It  is  not  possible 
at  the  present  time  to  determine  the  real  value  of  "606 '' ;  some  think 
it  a  ^)ecific  which  will  cure  in  a  few  doses,  others  that  it  is  not  su- 
perior to  mercury.  It  is  possible,  however,  to  decide  that  it  is  a 
veiy  powerful  drug  capable  of  producing  alarming  symptoms  and 
even  death,  that  it  is  stiirin  the  experimental  stage,  and  that  it 
should  be  used  with  great  caution  and  only  by  those  who  have 
learned  the  technic  of  administration  from  the  experienced. 
Perhaps  less  dangerous  arsenical  preparations,  given  more  often 
and  in  small  doses,  will  prove  to  be  as  efficient  even  if  slower. 
Murphy  has  obtained  remarkable  results  with  sodium  cacodylate, 
which  may  be  given  in  doses  of  K  to  2  grains,  in  pills,  hypodermic- 
ally,  or  by  enema,  repeated  at  intervals  of  three  or  four  days. 

Neoarsphenamin  (neosalvarsan)  is  "a  very  soluble  form  of  arsphe- 
namin  obtained  by  the  addition  of  formaldehydsulphoxylate  of  soda. 
It  is  claimed  to  be  fully  as  efficacious  as  the  old  remedy  and  possesses 
certain  decided  advantages  in  the  simplification  of  the  technic  of 
its  preparation  and  the  greater  tolerance  to  it,  permitting  much 
larger  doses  at  shorter  intervals.  It  is  extremely  soluble  in  water. 
Neutralization  with  caustic  soda  is  not  necessary  as  with  old  arsphe- 
namin,  as  the  new  product  is  neutral  when  in  solution.  It  is  pre- 
pared by  dissolving  0.15  gm.  in  20  c.c,  or  1.5  gm.  in  200  c.c.  of  freshly 
distilled  water;  o.8gm.in22c,c.givesanisotonicsolution."  Sincestale 
water  or  saline  solution  may  contain  molds  or  saprophytic  bacteria 
which  can  give  rise  to  foreign  protein  reactions  with  symptoms 
resembling  acute  arsenical  poisoning,  only  freshly  distilled  and 
sterilized  water  should  be  used. 

"As  the  preparation  oxidizes  readily  and  the  oxidation  products 
are  more  toxic  than  the  drug  itself,  the  following  precautions  are 
suggested:  In  making  the  mixture  it  should  be  gently  agitated  and 
not  vigorously  shaken.  It  should  not  be  warmed  after  it  is  made  up, 
and  it  must  be  used  immediately.  Four  doses  are  administered  in 
succession  with  an  interval  of  one  day  between.  Schreiber's  pro- 
cedure is  to  give  0.9  gm.  for  the  first  dose,  1.2  gm.  for  the  second, 
1.35  gm.  on  the  third  day  and  1.5  gm.  on  the  fourth.  This  equals  6 
gm.  of  neosalvarsan  or  4  gm.  of  salvarsan  within  one  week.  Women 
receive  from  0.75  to  1.2  gm.,  children  0.15  to  0.35  and  infants  0.05 
gm.  In  cases  of  meningitis  or  involvement  of  the  cerebrospinal 
system  the  patient's  susceptibility  should  be  cautiously  tested  with 
smaU  doses.  Owing  to  its  less  irritating  properties  neosalvarsan 
lends  itself  more  readily  to  intramuscular  use.  For  this  purpose  0.9 
gm.  are  dissolved  in  about  30  c.c.  of  water.     Several  c.c.  of  a  i  per 
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cent,  novocain  solution  are  first  injected;  the  needle  is  left  in  sitw 
and  the  neosalvarsan  injected  through  it  several  minutes  later. 
Schrciber  has  observed  edema  after  its  use,  but  never  infiltration  or 
necrosis.     He  prefers,  however,  the  intravenous  method"  (Fordyce). 

Local  treatment  in  syphilis  is  of  secondary  importance.  Excision 
of  the  chancre  is  not  recommended  by  most  surgeons,  as  it  has  no 
influence  on  the  general  symptoms.  As  pointed  out  by  Martin, 
however,  excision  must  remove  a  quantity  of  the  infective  material, 
and  it  provides  a  bit  of  tissue  from  which  a  diagnosis  can  be  made. 
If  the  chancre  is  not  excised  it  should  be  cleansed  by  immersion  in  a 
I  to  500  bichlorid  of  mercury  solution  and  dusted  with  an  antiseptic 
powder.  Syphilitic  buboes  require  no  local  treatment,  unless  they 
suppurate  because  of  mixed  infection.  Mucous  patches  in  the 
mouth  and  syphilitic  sore  throat  may  be  touched  with  nitrate  of 
silver,  30  grains  to  the  ounce,  and  astringent  and  antiseptic  mouth 
washes  used;  mucous  patches  in  other  regions  and  condylomata 
should  be  disinfected  with  peroxid  of  hydrogen  and  bichlorid  of 
mercury  and  dusted  with  calomel.  Non-ulcerative  tertiary  lesions 
are  treated  by  the  application  of  mercurial  ointment.  Gummata 
should  not  be  opened,  even  when  fluctuating,  as  absorption  from 
the  internal  administration  of  potassium  iodid  is  still  possible. 
Ulcerating  gummata  should  be  kept  scrupulously  clean,  since  second- 
ary infection  may  make  them  exceedingly  foul,  inaugurate  a  phage- 
dena, or  markedly  interfere  with  their  healing.  In  some  of  these 
cases  hectic  fever  with  amyloid  degeneration  of  the  viscera  occurs. 

Congenital  or  inherited  syphilis  results  from  the  disease  in  either 
or  both  of  the  parents.  Formerly  it  w^as  thought  that  parents  who  had 
completed  the  secondary  stage,  i.e.,  after  three  or  four  years,  were  no 
longer  capable  of  transmitting  the  disease  to  their  offspring,  although 
exceptions  to  this  rule  were  noted,  and  that  it  was  possible  for  parents 
in  even  the  contagious  period  to  bring  forth  healthy  children.  It  is 
probable,  considering  the  observations  previously  made  on  immunity, 
that  in  most  of  these  cases  serologic  investigation  would  reveal  latent 
syphilis. 

Active  fetal  syphilis  generally  results  in  death  of  the  fetus  and 
abortion;  or  if  the  fetus  goes  to  term,  in  death  at  or  soon  after  birth. 
Although  infantile  syphilis  may  be  manifest  at  birth,  or  may  not 
show  itself  for  a  number  of  years,  the  first  symptoms  are  usually 
noticed  within  a  few  weeks  or  months  of  birth.  Any  of  the  lesions 
of  syphilis,  excepting,  of  course,  the  primary  chancre,  may  be  en- 
countered when  the  disease  is  inherited  and  the  spirochetae  have  been 
demonstrated  in  these  lesions.     Of  peculiar  diagnostic  value  are  the 
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■rinkled,  shriveled  up,  old  man  appearance,  marked  anemia,  the 
hoarse  cry  due  to  infiammation  of  the  laryngeal  mucous  membrane, 
and  souffles  due  to  inflammation  of  the  nasal  mucous  membrane. 
The  last  may  go  on  to  ulceration  and  be  associated  with  destruction 
ol  the  nasal  bones  and  cartilages,  causing  a  falling  in  of  the  bridge 
of  the  nose  {Fig,  77).  The  spleen  and  liver  are  usually  enlarged. 
Mucous  patches  about  the  lips  may  leave  radiating  scars  (rhagades) . 
f^mally  at  the  angles  of  the  mouth  (Fig.  78).  Pemphigus,  partic- 
ularly on  the  palms  and  soles,  is  one  of  the  earliest  and  most  char- 
acteristic skin  eruptions.  Inflammation  and  thickening  at  the  epi- 
physeal junctions  of  the  long  bones,  and  periosteal  nodes,  which,  on 
the  cranium,  give  rise  to  the  natiform  skull  also  are  common.  Many 
die  during  this,  the  secondary  stage,  and  those  that  survive  may  pass 
throu^  an  intermediate  or  latent  period  of  variable  length,  some- 
times lasting  until  the  second  dentition,  puberty,  or  even  longer. 


FiC.  77. — Consenitat  syphilis  showing 
ntcmix  of  skull  and  facial   boaei  with 

■»Ai\t  DOM. 

Among  the  tertiary  phenomena  which  require  special  mention 
are  sudden  deafness  in  both  ears  without  pain  or  discharge,  inter- 
stitial keratitis  (cornea  has  a  ground-glass  appearance,  and  later  a 
almon  color  due  to  vascularization,  both  are  usually  involved). 
Hutchinson  teeth  (the  permanent  upper  and  median  incisors  are 
dwarfed,  separated,  and  narrower  at  the  crown  than  at  the  root, 
the  cutting  edge  being  curved  with  the  convexity  upwards),  and 
dactylitis  {chronic  painless  enlargement  of  a  finger  or  toe,  due  to 
ftiDimatous  infiltration  or  syphilitic  osteomyelitis — Fig.  76). 

The  treatment  should  be  not  only  antisyphilitic,  but  also  tonic, 
ioduding  such  drugs  as  cod-liver  oil,  iodid  of  iron,  and  the  phos- 
phates. Mercury  is  best  administered  by  daily  rubbing  5  or  10  grains 
of  the  <Nittinent  into  the  soles  of  the  feet,  or  by  placing  it  on  the 
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inner  side  of  the  belly  band.  If  there  is  much  irritation  of  the  skin, 
hydrarg.  cum  creta,  grain  |,  with  i  grain  of  sugar,  may  be  given 
three  times  a  day  after  nursing.  Potassium  iodid,  ^  to  i  grain,  in 
simple  syrup,  gradually  increased,  is  given  three  times  a  day  with 
the  onset  of  tertiary  symptoms.  The  treatment  should  be  continued 
for  at  least  two  years,  and  recommenced  at  each  outbreak  of  symp- 
toms. Arsphenamin  or  neoarsphenamin  also  may  be  administered.  In 
infants  blood  may  be  obtained  for  the  Wassermann  or  other  tests,  or 
intravenous  medication  given,  by  puncturing  the  superior  longitudinal 
sinus  with  a  hollow  needle,  which  is  inserted  in  the  posterior  part 
of  the  anterior  fontanel  in  the  midline  for  a  distance  of  ^e  of  an 
inch,  the  point  being  directed  downward  and  backward* 

TUBERCULOSIS 

• 

Tuberculosis  is  an  infectious  and  contagious  disease  caused  by 
the  bacillus  of  tuberculosis.     The  tubercle  bacillus  is  a  rod-shaped 
facultative  anaerobe,  measuring  fom  1.5M  to  3.5/4  in  length.    It  may 
be  straight  or  curved  and  is  frequently  seen  in  pairs;  it  is  non-motile 
and  probably  develops  only  in  living  tissues,  although  capable  of 
maintaining  its  vitality  for  a  long  time  outside  the  body.     Its  toxin 
is,  as  yet,  little  understood.     The  bacillus  enters  the  body  through 
external  wounds,  through  the  respiratory  tract,  through  the  alimen- 
tary canal  (infected  milk  or  meat),  or  in  the  fetus,  through  the 
placenta.     The  most  frequent  method  is  by  the  inhalation  of  dust, 
along   with   which    the   bacilli   are   carried.     Animal   tuberculosis 
differs  in  some  respects  from  human  tuberculosis,  but  is  probably 
only  a  modified  form  of  the  same  disease;  that  the  two  are  inter- 
communicable  seems  to  be  proved.    Tuberculosis  is  exceedingly 
common,  indeed  some  would  have  us  believe  that  we  all  are  in- 
fected.    Naegeli   found  tuberculosis  of  some  sort  in  97  per  cent, 
of   700  autopsies.     There  seems  to   be   no  way   to  avoid    taking 
these   organisms   into   the  body,   but    something   more   than   the 
tubercle  bacillus  is  required  for  the  development  of  the  disease,  viz., 
inherited  susceptibility,  poor  food,  overcrowding,  depressed  vitality 
following  prolonged  illness  or  mental  strains,  or  local  injuries.     The 
disease  is  rarely,  but  the  predisposition  frequently,  transmitted  from 
parent  to  child.     Those  who  possess  this  predisposition  {strumous^ 
scrofulous,  or,  better,  tuberculous  diathesis)  are  often  frail,  aneniiC] 
and  precocious;  the  skin  is  apt  to  be  delicate,  the  complexion  fair,  the 
hair  fine,  the  lashes  long,  the  head  large,  the  cranial  bones  promi- 
nent, the  nose  short  and  broad,  the  lips  thick,  the  lower  jaw  small,  tlw 
muscles  soft,  the  bones  slender,  the  epiphyses  enlarged,  the  diesl 


GENERAL    CONDITIONS   AND    SPECIAL    INFECTIONS  209 

small  and  flat;  and  there  is  frequently  a  tendency  to  eczema,  catar- 
rhal inflammation  of  the  mucous  membranes,  non-tuberculous 
enlargement  of  the  lymphatic  glands,  corneal  ulcers,  granular 
lids,  and  carious  teeth. 

Tuberculosis  may  occur  at  any  age,  and  in  any  portion  of  the 
body,  but  is  most  common  in  early  life  and  in  the  respiratory  tract, 
genitourinary  organs,  bones,  joints,  lymph  glands,  serous  mem- 
branes, brain,  liver,  and  spleen.  The  so-called  '^ sensile  tuberculosis^^ 
presents  no  essential  difference  from  the  disease  in  the  young. 

Tuberculosis  is  characterized  by  the  formation  of  nodules  or 
toberdes,  which  vary  in  size  from  i  or  2  mm.  to  masses  as  large  as  a 
pea,  and  by  the  occurrence  of  inflammatory  changes  between  and 
around  these  tubercles;  in  truth,  the  inflammatory  changes  may 
constitute  the  whole  process,  the  tubercles  being  inconspicuous  or 
absent.  A  tubercle  is  formed  as  follows:  The  bacilli  lodge  in  the 
intimaof  the  small  vessels,  in  which  inflammatory  changes  occur,  lead- 
ing to  a  proliferation  of  the  endothelial  cells  (endarteritis),  and  sub- 
sequently to  a  proliferation  of  the  connective-tissue  cells  and  of  the 
leukocytes  which  have  wandered  from  the  bloodvessels;  thus  a  little 
mass,  or  tubercle,  is  formed,  which  is  grayish  in  color  and  more  or 
less  translucent.  A  typical  tubercle  contains  one  or  more  giant 
cells,  which  are  due  to  the  fusion  of  epithelioid  cells  and  show  many 
nuclei;  surrounding  these  cells  are  the  epithelioid  cells  (proliferated 
connective-tissue  cells) ,  which  are  midway  in  size  between  the  giant 
cells  and  the  leukocytes  and  contain  a  single  nucleus;  the  outermost 
w>ne  is  made  up  of  proliferated  leukocytes  {lymphoid  cells).  The 
badlli  may  be  found  in  the  giant  cells  and  occasionally  in  the  epithe- 
lioid cells-  The  giant  cell  is  by  no  means  characteristic  of  tuberculosis, 
as  it  is  found  in  many  other  pathological  conditions.  With  the 
onset  of  necrotic  changes  in  the  tubercle,  the  bacilli  are  no  longer 
demonstrable,  but  they  or  their  spores  are  undoubtedly  present,  for 
the  mjection  of  such  material  into  guinea-pigs  produces  tuberculosis. 
As  the  vessel  from  which  it  started  becomes  obliterated  by  the 
proliferated  cells,  a  tubercle  is  avascular;  and  as  no  new  vessels  are 
formed  owing  to  the  anemia  and  the  specific  action  of  the  bacillus, 
degenerative  changes  occur.  There  is  at  first  a  hyaline  change,  then 
coagulation  necrosis,  next  fatty  degeneration,  and  finlly  the  produc- 
tion of  cheesy  material  {caseation,  or  caseous  necrosis) ,  A  tubercle 
undergoing  caseation  is  called  a  yellow  or  crude  tubercle.  The  fate 
of  a  tubercle  is  largely  influenced  by  the  general  and  local  resist- 
ance of  the  tissue.  In  favorable  cases  it  may  undergo  atrophy  and 
completely  disappear,  or  become  encapsulated  by  dense  scar  tissue, 
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the  cheesy  material  either  being  absorbed  or  calcified.  In  the  latte; 
instance  the  healed-in  tuberculous  material  may  remain  latent  for  < 
long  time  and  again  be  awakened  to  activity.  In  unfavorable  case* 
the  caseous  material  liquifies,  forming  tuberculous  pus  (see  ' '  Chronic 
Abscess."). 

Tuberculosis  extends  by  continuity  or  contiguity  of  tissues, 
possibly  aided  by  the  ameboid  movements  of  the  leukocytes,  as  the 
bacillus  itself  is  non-motile;  in  other  instances  it  gains  entrance  to  the 
lymph  or  blood  stream  and  is  transported  to  distant  parts.  When 
the  bacilli  enter  the  blood  stream  and  produce  multiple  tubercles 
widely  distributed  throughout  the  body  {a€ut€  general,  or  military 
tuberculosis),  a  tuberculous  pyemia  results,  a  condition  which  closely 
resembles  and  is  often  mistaken  for  typhoid  fever. 

The  diagnosis  may  be  considered  under  the  following  headings: 
(i)  The  history  of  a  family  predispK)sition,  of  prexaous  tuberculous 
lesions,  of  an  unfavorable  occupation,  of  unhygienic  surroundings,  o( 
habitual  association  with  tuberculous  individuals;  (2)  general  symp- 
toms, such  as  weakness,  anemia,  loss  of  appetite,  indigestion,  pro- 
gressive loss  of  weight,  and  slight  afternoon  rise  in  the  temperature; 
(3)  the  type  of  patient  (vide  supra) ;  and  (4)  evidences  of  tuberculosis 
elsewhere  in  the  body  are  all  suggestive  but  not  conclusive.  (5)  The 
local  features,  which  will  be  described  in  connection  with  the  disease 
in  special  structures,  and  which  may  require  special  means,  e.g.,  the 
X-ray,  cystoscope,  etc.,  for  their  demonstration,  are  often  distinctive; 
sometimes  the  tubercles  can  be  seen.  The  insidious  onset,  marked 
chronicity,  and  tendency  to  recurrence  which  characterizes  most 
forms  of  surgical  tuberculosis  should  be  rioted  in  this  place.  (6) 
Recovery  of  iJie  tubercle  bacillus  assures  the  diagnosis,  but  even  when 
these  are  not  demonstrable,  (7)  hioculation  of  a  guinea-pig  may 
result  in  generalized  tuberculosis.  (8)  Microscopic  examination  0) 
the  diseased  tissues  will  usually  show  the  characteristic  structure  ol 
the  tubercle,  (g)  Cytologic  examination  of  tuberculous  fluids  maj 
reveal  an  excess  in  the  number  of  lymphocytes.  (10)  Blood  examina- 
tion may  show  a  relative  lymphocytosis.  Leukocytosis  and  iodo 
philia  are  indicative  of  mixed  infection.  Tubercle  bacilli  are  rarelj 
found  in  the  blood.  The  value  of  the  agglutination  test  is  doubtful 
A  persistently  low  tuberculo-opsonic  power  of  the  blood,  accordinj 
to  Wright,  means  tuberculosis.  (11)  The  tuberculin  test  may  h 
performed  in  four  ways:  (a)  subcutaneous  injection  causes,  in  a  tuber 
culous  subject,  a  reaction  which  consists  of  a  rise  of  temperature  c 
from  1°  to  3°,  and  a  general  feeling  of  illness,  occasionally  with  nause 
and  vomiting.    The  tuberculous  lesion  itself  undergoes  inflammator 
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langes.  The  method  should  rarely  be  employed,  because  of  the 
iSagreeable  reaction,  the  possibility  of  stimulating  the  process  or  of 
loculating  the  patient  with  tubercle  bacilli,  and  because  of  the  un- 
cTtainty  of  the  test  (the  margin  of  error  has  been  estimated  at  lo 
«r  cent.).  It  cannot  be  employed  when  the  patient's  temperature 
iscs  to  or  above  ioo°  F.  The  dose  for  diagnostic  purposes  is  .i  mg. 
for  delicate  individuals,  and  i  mg.  for  those  who  are  fairly  robust;  if  no 
reaction  is  obtained  from  smaller  doses,  they  may  be  increased  to  5  or 
10  mg.  (b)  The  CalmeUe  method  consists  of  instilling  one  drop  of  a 
I  per  cent,  solution  of  tuberculin  into  the  eye;  if  conjunctivitis  follows 
the  test  is  positive.  The  method  is  not  without  danger,  particularly 
if  the  eye  is  not  normal,  (c)  The  Von  Pirquet  method  consists  in 
inoculating  the  tubercuUn  into  the  skin  after  scarifying,  non- 
inoculated  scarification  being  used  as  control.  In  the  tuberculous  a 
papule  forms  at  the  site  of  vaccination,  (d)  The  Mora  test  is  per- 
formed by  nibbing  into  the  unbroken  skin  of  the  chest  or  abdomen, 
over  an  area  of  four  square  inches,  a  small  quantity  of  an  oint- 
ment consisting  of  5  c.c.  of  old  tuberculin  and  5  grammes  of  anhy- 
drous wool  fat.  In  a  day  or  two  a  number  of  small  papules  appear, 
if  the  patient  is  tuberculous. 

The  prognosis  is  good  if  the  lesion  is  localized  and  so  situated  as  to 
be  susceptible  of  eradication  by  surgical  means;  the  danger  of  recur- 
rence, however,  is  always  present.  In  general,  it  may  said  that  the 
prognosis  is  better  in  children  than  in  adults.  Undoubtedly  many 
cases  of  imsusi>ected  tuberculosis  recover  without  treatment,  but 
when  the  process  has  extended  sufficiently  to  be  recognizable,  par- 
ticularly in  medical  tuberculosis,  it  has  gained  such  a  foothold  that 
recover}'  is  always  doubtful. 

The  treatment  is  local  and  constitutional.  The  most  important 
measure  in  the  local  treatment  is  rest.  Of  some  value  is  the  injection 
into  the  lesion  of  various  drugs,  among  which  may  be  mentioned 
carbobc  acid  (3  per  cent.),  tincture  of  iodin,  chlorid  of  zinc  (i-io). 
Wsam  of  Peru,  oil  of  cloves  (i-io  in  olive  oil),  and  especially  iodo- 
form emulsion  (10  i>er  cent.).  It  is  probable  that  by  irritation  these 
medicaments  stimulate  the  fibroblasts,  and  thus  produce  firm  fibrous 
tissue  which  encapsulates  the  tubercles.  Bier  claims  good  results 
from  the  production  of  a  permanent  congestion,  by  a  rubber  tourni- 
quet placed  on  the  limb  above  the  tuberculous  area  (see*' Bier's 
Freatment,"  chap.  vi).  Radiotherapy  (X-rays,  radium),  photo- 
^*Py  (the  Finsen  light),  and  heliotherapy  (exposure  to  the  direct 
lys  of  the  sun)  have  proved  of  value  in  suitable  cases.  Heliother- 
py  is  best  administered  on  a  high  mountain  (helioalpin therapy) . 
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According  to  Rolli^r  the  ultraviolet  rays  are  the  real  factor  in  healing 
tuberculosis;  these  cause  pigmentation,  and  the  pigment  acts  as  a 
sort  of  filter,  which  prevents  injury  to  the  skin  by  the  rays  of  short 
wave-length,  and  allows  the  others  to  penetrate,  causing  an  inflam- 
matory reaction  in  the  tissues  and  a  positive  chemotactic  leukocytosis 
As  tuberculosis  is  always  a  general  disease,  RoUier  always  gives 
general  sun  baths,  beginning,  however,  gradually.  On  the  first  daj 
the  feet  are  exposed  three  or  four  times  for  five  minutes,  ktter  the  legs 
and  so  on,  until  finally  the  whole  body  may  be  exposed  for  six  or  eight 
hours.  Brilliant  results  have  been  obtained  with  this  form  of  treat 
ment,  but  it  takes  two  or  three  years,  and  in  many  cases  operatioi 
acts  just  as  well  within  a  much  shorter  time;  of  course  the  two  maj 
be  combined.  The  operative  measures,  e.g.,  incision  and  curettage 
excision,  amputation  of  a  diseased  limb,  and  removal  of  destroye( 
organs,  will  be  discussed  more  fully  on  the  pages  devoted  to  regiona 
surgery. 

The  constitutional  treatment  consists  of  fresh  air,  food  (meats 
milk,  eggs,  cream,  butter),  and  plenty  of  sunshine,  which  is  really  i 
form  of  heliotherapy.  Tonics  are  usually  indicated,  and  a  prolonge( 
stay  at  the  seashore,  particularly  in  surgical  tuberculosis,  is  of  th< 
greatest  value.  The  discharges  should  be  carefully  disinfected,  am 
susceptible  individuals  should  not  associate  with  those  in  whom  th( 
disease  is  active.  Koch 's  tuberculin  is  probably  of  some  value  in  tin 
early  stages  of  tuberculosis,  but  is  rarely  employed  by  surgeons.  It 
of  course,  is  impotent  against  the  pyogenic  organisms  which  an 
found  so  frequently  in  tuberculous  lesions,  and  it  should  never  b 
employed  alone,  but  always  in  conjunction  with  other  remedia 
measures.  The  dose  of  the  old  tuberculin  is  o.ooi  c.c,  injected  unde 
the  skin  of  the  back;  if  the  patient  fails  to  react,  the  doses  are  grad 
ually  increased.  The  does  of  the  new  tuberculin  (T.R.)  is  o.cx>2  mg 
every  second  day,  increased  gradually  until  20  mg.  is  reached,  » 
that  a  rise  in  temperature  of  more  than  a  half  degree  is  avoided 
The  treatment  may  then  be  discontinued  or  repeated  after  a  Ion 
interval.  The  old  tuberculin  (T.)  is  a  glycerin  extract  of  tubercl 
bacilli  from  which  the  bacteria  have  been  removed  by  filtering  througl 
porcelain.  The  new  tuberculin  (T.R.)  is  made  by  triturating  drie< 
bacilli  in  an  agate  mortar,  the  resulting  powder  being  put  into  dis 
tilled  water  and  the  solution  centrifugalized.  The  upper  portion  0 
this  fluid  is  the  tuberculin  O.  (Oberer),  which  has  the  same  properde 
as  the  old  tuberculin;  the  remaining  fluid,  tuberculin  R.  {Ruckstand) 
causes  a  general  but  not  a  local  reaction,  its  curative  effect  being  du 
to  the  production,  in  the  blood,  of  antibodies  to  the  tubercle  bacilli 
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Koch's  latest  tuberculin,  B.  E.  (BazUlenemulsion),  is  an  emulsion 

of  ground  tubercle  bacilli  in  equal  parts  of  glycerin  and  water,  the 

dose  being  that  of  T.R.     Klebs  claims  good  results  from  the  use  of 

tuherculocidiny  or  antip/Uhisin,  which  is  tuberculin  from  which  the 

noxious  pK)rtions   have    been    separated.     Antituberculous    serum 

made  by  immimizing  animals  with  toxins  of  the  tubercle  bacillus 

have  been  employed,  notably  by  Maragliano  and  Marmorek;  the 

value  of  these  serums  has  not  been  determined.     Among  the  drugs 

which  have  been  used  internally  in  tuberculosis  may  be  mentioned 

arsenic,  iodin,   creosote,   guaiacol,   cod-liver  oil,   lacto-phospha^.es, 

hxpophosphites,  strychnin,  animal  and  vegetable  digestive  ferments, 

iron,  mineral  and  fruit  acids,  vegetable  tonics,  and  nucleins. 

Tuberculosis  of  special  structures  is  considered  under  various 
headings  throughout  the  book. 


CHAPTER  XIII  i 

TUMORS  AND  CYSTS  \ 

A  tumor,  or  neoplasm,  is  a  mass  of  newly  formed  pathologic^^ 
tissue  which  tends  to  persist  or  grow  and  which  performs  no  physi^^"^' 
logical   function.     Clinically,   however,    the   word    tumor  is  oft^*^ 
applied  to  a  swelling  of  any  sort.     An  inflammatory  swelling  differ'^ 
from  a  neoplasm  in  that  it  has  a  definite  cause  and  tends  to  subside;    ^' 
hypertrophy,  in  that  it  is  the  result  of  increased  work  and  persist  ^ 
only  so  long  as  the  demand  for  such  work  exists.     The  tissue  of    ^ 
neoplasm  has  its  prototype  in  the  human  body,  either  adult  o  ^ 
embryonic  (Muller's  law),  and  its  cells  invariably  originate  fronn 
preexisting  cells  of  the  body  (Virchow's  lam). 

The  cause  of  neoplasms  is  not  known.     Cohnlieim  's  inclush  ^f 
theorv  is  that  an  excess  of  embrvonic  cells  is  manufactured  durin.  ^ 
intrauterine  life,  and  that  those  which  are  not  used  in  the  construcir- 
tion  of  the  fetal  tissues  remain  in  the  body  in  a  latent  condition,  unL  :»! 
some   irritation   stimulates   their  development.     The  influence  cj:^* 
heredity  is  probably  much  less  important  than  was  formerly  believ 
Injury  and  irritation  are  undoutedly  important  factors  in  some  ii 
stances;  thus  sarcoma  may  follow  a  single  injury,  carcinoma  soir«-  ^ 
form  of  constant  irritation,  e.g.,  epithelioma  of  the  lip,  the  result  c:^^ 
smoking  a  short  stemmed,  clay  pipe.     Many  unsuccessful  attempt  ^ 
have  been  made  to  establish  the  infective  nature  of  tumors^  distincti  ^' 
sarcoma  and  carcinoma.     Sarcoma  is  most  frequent  during  thecarL  '^ 
half  of  life,  or  the  period  of  physiological  activity;  carcinoma,  durim-  J^ 
the  later  j)art  of  life,  or  the  period  of  physiological  decline. 

Clinically  tumors  may  be  divided  into  the  benign  and  themali^f" 
nant. 

A  benign,  innocent,  adult,  or  typical  tumor  may  be  multiple^  * 
strongly  resembles  in  structure  the  tissue  from  which  it  spring^  * 
grows  slowly,  is  encapsulated,  does  not  infiltrate  surrounding  tissued  ^ 
is  usuallv  movable  (not  adherent),  seldom  ulcerates,  does  not  caus 
metastases  in  the  lymphatic  glands  or  in  distant  parts  of  the  body> 
does  not  recur  after  thorough  removal,  and  is  serious  only  when  sc^ 
situated  as  to  press  on  important  structures. 

A  malignant,  atypical,  or  embryonic  tumor  is  usually  single,  is 
composed  of  cells  resembling  those  found  in  the  embryo,  grows  rapid- 
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ly.  is  not  encapsulated,  infiltrates  the  surrounding  tissues  (fixed),, 
and  often  progresses  to  ulceration,  causes  metastases  in  adjacent 
lyraph  glands  or  in  distant  parts  of  the  body,  frequently  recurs  after 
excision,  is  always  serious,  and  ultimately  destroys  life  no  matter 
what  its  position. 

Tumors  may  be  classified  according  to  their  origin  as  follows: 
(I)  Epithelial  tumors  (derived  from  the  epiblast  or  the  hypo- 
blast). 

(A)  Benign,   or  innocent  tumors   (those   composed   of  adult 
epithelial  tissue). 

(i)  Papilloma  or  warty  growth. 
(2)  Adenoma,  or  glandular  tumor. 

(B)  Malignant  tumors,  or  carcinomata   (those  composed  of 
embryonic  epithelial  tissue). 

(i)  Epithelioma. 
(2)  Glandular  carcinoma, 
(chorioepithelioma) . 
ill)  Connecthre  tissue  tumors  (those  derived  from  mesoblastic 
tissue.) 
(A)  Benign  (those  conforming  to  types  of  adult  mesoblastic 
structures). 
(i)  Fibroma  (fibrous  tumor). 

(2)  Lipoma  (fatty  tumor). 

(3)  Chondroma  (cartilaginous  tumor). 

(4)  Osteoma  (bony  tumor). 

(5)  Myxoma  (mucous  tumor). 

(6)  Myoma  (muscle  tumor). 

(7)  Hemangioma  (tumor  composed  of  blood  vessels). 

(8)  Lymphangioma  (lymphatic  vessel  tumor). 

(9)  Neuroma  (nerve  tumor). 
(\o)  Odontoma  (tooth  tumor). 
(11)  Glioma  (tumor  of  neuroglia). 

(B.)  Malignant  tumors,  or  sarcomata  (those  conforming  to  em- 
brj'onic  mesoblastic  tissue). 
(Endothelioma). 
(Hypernephroma) . 
(IIIj  Mixed  tumors,  or  teratomata  (those  composed  of  epiblastic. 

mesoblastic,  and  hypoblastic  structures). 
I.  Epithelial  tumors,  or  those  derived  from  the  epiblast  or  the 
li>T)oblast. 

(A)  Lmocent  l^rithelial  Tumors.— (i)  Papillomata,  or  warts,  are 
derived  from  cutaneous  or  mucous  papillae,  which  they  closely  resem- 
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ble  in  structure.  They  are  essentially  benign,  but  may  become  car- 
cinomatous during  the  later  half  of  life.  They  occur  at  any  age,  may 
be  single  or  multiple,  are  often  due  to  irritation  (e.g.,  veneral  wart 
from  acrid  discharges,  warts  of  the  hands  from  uncleanliness),  and 
sometimes  disappear  without  treatment.  Skin  warts  are  usually 
dark  in  color  owing  to  the  deposition  of  pigment.  Condylomata  and 
mucous  patches  are  papillomatous  in  nature.  Villous  warts  consist 
of  branching  tufts  resembling  chorionic  villi,  are  most  frequent  in  the 
bladder,  and  are  very  vascular  and  covered  by  a  thin  epithelial  layer 
which  is  easily  broken,  causing  frequent  and  occasionally  fatal  hem- 
orrhages. Villous  warts  are  found  also  in  the  pelvis  of  the  kidney, 
and  in  cysts,  more  particularly  those  arising  in  connection  with 
glands,  such  as  the  breast,  thyroid,  and  ovary. 

The  treatment  is  removal  by  caustics,  carbon  dioxid  snow,  fulgura- 
tion,  radiotherapy,  knife,  scissors,  or  special  instruments,  according 
to  their  location. 

(2)  Adecoxnala  spring  from  glandular  tissue,  which  they  closely 
resemble  in  structure.  They  grow  slowly,  are  benign,  occasionally 
follow  an  injury,  and  are  encapsulated.  They  may  undergo  fatty, 
cystic  (cystadenotna)  J  mucoid  (adenomyxoma)  or  carcinomatous 
degeneration  {adenocarcinoma).  Sarcomatous  degeneration  of  the 
fibrous  stroma  produces  an  adenosarcoma.  Adenomata  may  occur 
in  any  gland,  but  are  most  frequently  found  in  the  breast,  prostate, 
thyroid,  parotid,  ovary,  testis,  and  in  the  lachrymal,  cutaneous,  and 
mucous  glands.  There  are  two  varieties,  the  acinous,  or  racemose 
adenoma,  which  consists  of  communicating  sacs,  or  acini,  lined  with 
epithelium,  and  the  tubular  adenoma  (found  principally  in  the  intes- 
tine, where  there  are  numerous  tubular  glands),  which  consists  of 
tubules  lined  with  cylindrical  epithelium;  the  latter  are  peculiarly 
liable  to  become  carcinomatous  {adeno-carcinoma) .  ^\'hen  the 
connective  tissue  is  excessive  in  amount,  the  tumor  is  known  as  a 
fibroadenoma. 

The  treatment  is  excision. 

(B)  Carcmomatay  or  caocers,  consist  of  masses,  or  nests,  of 
epithelial  cells  in  the  form  of  alveoli  and  surrounded  by  fibrous  tissue, 
which  communicate  with  one  another  and  with  the  lymphatics,  thus 
accounting  for  the  frequency  of  secondary  growths  in  the  lymphatic 
glands.  The  epithelial  cells  are  loosely  thrown  together  and  are  not 
separated  by  an  intercellular  matrix.  The  blood  vessels  run  in  the 
fibrous  stroma,  have  distinct  walls,  and  do  not  communicate  w^ith 
the  alveoli.  The  growth  spreads  by  infiltrating  the  surrounding 
tissues  in  the  form  of  processes  (roots)  and  is  never  encapsulated.     It 
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is  at  first  local  and  usually  single,  hence  curable  by  excision;  later 
the  l>Tnphatic  glands  become  involved  and  finally  metastases  occur 
in  distant  parts  of  the  body  {carcinomatosis).  On  reaching  the 
surface  carcinoma  ulcerates,  giving  rise  to  a  foul,  purulent,  and  often 
bloody  discharge  which  rapidly  exhausts  the  patient,  causing  ema- 
dation.  a  sallow  color  of  the  skin,  and  an  anxious  expression  of  the 
face  (cancerous  cachexia).  In  carcinoma  of  the  viscera,  particularly 
of  the  digestive  tract,  cachexia  is  earlier  in  onset  and  more  rapid  in 
progress,  because  of  the  interference  with  nutrition.  It  may  be  that 
the  cachexia  is  in  part  due  to  the  absorption  of  toxins  from  the  malig- 
nant growth,  fever,  however,  seldom  occurs  unless  there  is  ulceration. 
Carcinoma  is  most  frequent  after  the  thirty-fifth  year.  Of  the 
secondar)'  changes  that  may  occur  fatty  degeneration  is  the  most 
important,  indeed  it  may  be  said  to  be  almost  constant  in  the  later 
stages  of  large  cancers.  Cutaneous  epithelioma  may  undergo  a 
homy  transformation.  Mucoid  and  colloid  degeneration  may  occur, 
and  occasionally  pigmentation  cyst  formation,  or  calcification. 
Cancer  of  the  penis  in  rare  instances  may  be  due  to  cancer  of  the 
cer\'ix  uteri,  and  under  favorable  circumstances  a  portion  of  the 
growth  may  be  grafted  upon  another  portion  of  the  patient 's  body, 
^sce  "Malignant  Disease  of  the  Peritoneum '')»  but  the  disease  is  by 
no  means  contagious  in  the  ordinary  sense  of  the  word.  Carcinoma 
is  most  frequent,  in  the  order  named,  in  the  stomach,  the  uterus, 
the  esophagus,  the  breast,  the  rectum. 

^i)  EpithelioiDa  may  be  squamous-  or  cylindrical-celled. 

Squamous  epithelioma  may  occur  on  any  portion  of  the  skin  or 
mucous  membrane,  but  most  frequently  arises  where  skin  and  mu- 
cous membrane  meet,  or  where  two  varieties  of  epithelium  come  to- 
gether. The  favorite  sites  are  the  nose,  lower  lip,  penis,  scrotum, 
^Tilva.  anus,  tongue,  palate,  gums,  tonsils,  larynx,  pharynx,  esopha- 
gus, bladder,  and  os  uteri.  The  epithelial  cells  grow  from  the 
surface  into  the  lymph  spaces  in  the  form  of  columns,  and  are  prone 
to  arrange  themselves  in  globular  masses  called  pearls.  The  disease 
begins  as  a  nodule  or  fissure  which  quickly  ulcerates ;  in  fact  the  ulcera- 
tion may  progress  more  rapidly  than  the  epithelial  proliferation,  so  that 
in  a  strict  et>Tnological  sense,  the  term  tumor  cannot  be  applied . 
With  the  exception  of  rodent  ulcer,  which  will  be  described  under 
diseases  of  the  skin,  epithelioma  presents  all  the  features  of  malig- 
nancy mentioned  above.  The  ulcer  is  irregular,  with  a  non-granulat- 
ing base,  hard,  everted  edges,  and  an  irritating  discharge,  which,  on 
the  skin,  may  form  a  scab.  On  section  the  surface  is  firm  and  white. 
It  contains  but  little  fluid,  but  on  pressure  may  exude  fine,  white. 
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worm-like  masses.  Epithelioma  is  less  malignant  than  glandular 
carcinoma,  the  disease  sometimes  lasting  for  years.  The  most 
marked  exception  to  this  statement  is  epithelioma  of  the  tongue, 
which  may  cause  death  in  a  few  months.  Epithelioma  arising  from 
an  old  ulcer  or  a  cicatrix  is  called  Marjolin^s  ulcer.  Lymphatic 
glands  are  often  not  involved  for  a  number  of  months,  and  metastatic 
growths  in  distant  portions  of  the  body  are  not  common. 

Cylindrical-  or  columnar-celled  epilhelioma  (malignant  adenoma) 
might  properly  be  classified  with  glandular  carcinoma;  it  arises  from 
cylindrical  epithelium  on  the  surface  or  in  the  glands  of  the  mucous 
membranes,  being  most  frequent  in  the  uterus  and  intestinal  tract. 
The  growth  is  less  common  than  squamous  or  glandular  cancer  but 
occurs  much  earlier  in  life,  a  fact  which  is  particularly  true  of  the 
rectum.  It  consists  of  little  cavities  or  tubules  lined  by  a  number  of 
layers  of  epithelium  without  a  basement  membrane. 

(2)  Glandular,  or  acinous  carcinoma^  springs  from  glandular 
epithelium,  and  consists  of  acini,  or  alveoli,  of  connective  tissue  filled 
with  epithelial  cells.  It  is  usually  nodular,  the  degree  of  hardness 
varying  with  the  amount  of  fibrous  tissue.  A  simple  carcinoma  is 
one  in  which  the  epithelium  and  connective  tissue  exist  in  about  the 
same  proportion  as  in  the  normal  gland.  In  a  scirrhus,  or  hard 
cancer,  there  is  an  excess  of  fibrous  tissue.  On  section  the  surface 
becomes  concave  owing  to  the  contraction  of  the  fibrous  tissue,  is 
white  and  glistening,  creaks  under  the  knife,  and  exudes  a  milky 
fluid  containing  degenerated  epithelium  and  oil  globules.  A  scirrhus 
is  a  dense  nodular  growth  firmly  imbedded  in  the  tissues,  causing, 
when  just  beneath  the  skin,  a  puckering  or  dimpling  owing  to  the 
contraction  of  the  fibrous  tissue.  In  some  cases  this  contraction  is  so 
marked  that  the  tumor  decreases  in  size  {atrophic,  or  withering 
scirrhus),  without,  however,  markedly  interfering  with  general 
dissemination  of  the  growth.  Scirrhus  is  most  frequent  in  the  breast 
and  alimentary  canal,  particularly  the  pylorus.  Encephaloid,  medul- 
lary, or  soft  cancer  contains  an  excess  of  epithelial  cells;  consequently 
it  is  a  soft  nodular  mass  which  grows  very  rapidly  (hence  the  term 
acute  cancer),  quickly  involves  the  lymphatic  glands,  and  is  speedily 
fatal;  after  ulceration  it  presents  a  fungating,  bleeding  surface  (fungus 
hematodes).  On  section  it  looks  not  unlike  brain  tissue  into  which 
hemorrhages  have  occurred.  The  central  portion  of  the  growth  may 
be  semi-fluid,  or  in  some  instances  actual  cysts  may  be  found.  It  is 
much  less  common  than  scirrhus,  and  is  most  frequent  in  the  breast 
and  testicle.  Colloid,  or  gelatinous  cancer,  is  the  result  of  a  colloid  or 
myxomatous  degeneration  of  any  glandular  carcinoma.     It  is  most 
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frequent  in  the  abdominal  cavity,  and  is  occasionally  found  in  the 
breast. 

Ckorio-epithelioma  (deciduoma  malignum,  syncytioma  malignum) 
may  be  placed  provisionally  among  the  carcinomata  because  it  is 
epithelial  in  origin  and  malignant  in  nature.  The  tumor  arises 
from  the  chorionic  epithelium  following  pregnancy,  and  resembles  in 
appearance  the  placental  tissue,  blotched  with  blood.  In  nearly- 
half  the  cases  there  has  been  a  hydatidiform  mole.  It  quickly  gives 
rise  to  secondary  growths  in  distant  portions  of  the  body  by  breaking 
into  the  blood  vessels. 

The  treatment  of  carcinoma  is  early  and  wide  excision,  together 
with  the  lymphatic  glands  into  which  the  diseased  area  drains;  in  one 
mass  if  possible,  in  order  not  to  sever  the  lymphatic  vessels,  as  such 
an  accident  may  sow  the  wound  with  cancer  cells  and  cause  recurrence. 
If  operation  be  early  and  thorough,  cure  may  be  expected,  but  as 
most  cases' come  to  operation  late,  complete  eradication  is  often  not 
attained  and  recurrence  follows.  Even  in  cases  in  which  cure  cannot 
be  expected,  removal  of  the  growth  is  often  indicated  to  relieve  pain 
or  to  take  away  a  foul-smelling,  bleeding,  ulcerating  mass.  Super- 
fidal  epitheUoma  of  the  skin,  notably  rodent  ulcer,  may  be  cured  by 
the  X-rays  or  radium,  and  in  such  cases  only  should  these  agents  be 
used  alone  when  the  growth  is  operable;  after  excision,  however,  it 
is  often  advisable  to  employ  radiotherapy,  with  the  hope  of  prevent- 
wg  or  retarding  recurrence. 

In  the  treatment  of  inoperable  carcinoma  it  is  often  possible  only  to 
^eve  pain  by  such  drugs  as  morphin  and  to  disinfect  ulcerating 
sorfaces.  In  some  cases  removal  of  large  portions  of  the  growth  by 
^dsion  or  curettage,  followed  by  cauterization  with  zinc  chlorid  or 
the  actual  cautery,  or  by  fulguration,  may  be  indicated  for  pain, 
hemorrhage,  or  fetor.  Fulguration  (de  Keating-Hart),  which  '*con- 
sistin  projecting  on  the  operative  field  a  shower  of  sparks  supplied  by 
^n  alternating  current  of  high  frequency  and  high  tension, "  causes  a 
^perficial  necrosis  and  is  probably  no  better  than  cauterization;  it 
Quires  chloroformization,  as  either  is  dangerous  because  of  the 
sparks.  In  other  cases  pain  may  be  abolished  by  severing  the  nerve 
*hich  supplies  the  affected  region,  and  occasionally  life  may  be 
prolonged  by  ligation  of  the  principal  arteries  nourishing  the  part. 
^  inoperable  growths  about  the  face  and  jaws  Dawbarn  excises 
"Oth  external  carotids.  Among  palliative  ojx'rations  may  be  men- 
^*oned  gastrostomy  for  cancer  of  the  esophagus,  gastroenterostomy 
for  cancer  of  the  pylorus,  inguinal  colostomy  for  cancer  of  the  rectum, 
^  tracheotomy  for  cancer  of  the  larynx.     In  inoperable  carci- 
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noma  of  the  breast  Beatson  removes  the  ovaries,  with  tempore 
benefit  in  some  cases.  The  various  cancer  serums  have  proved 
value  in  the  hands  of  their  inventors  only.  Coley's  fluid  may- 
tried  in  inoperable  cancer,  but  it  finds  its  chief  indication  in  sarcoj 
(q.v.).  The  injection  of  drugs,  such  as  pyoktanin,  thiosinain 
methyl  violet,  etc.,  is  of  such  little  value  that  their  use  may 
ignored.  Radiotherapy  is  often  of  decided  benefit  in  mitigati 
pain,  lessening  discharge,  and  diminishing  fetor. 

n.  Mesoblastic,  or  connectiTe-tissue  tumors,  are  those  deriv 
from  mesoblastic  tissue. 


Fig.  79. — The  upper  rounded  growth  is  a.  h.ird  fibroma,  the  lower  lobulatcd  g^o^ 


(A)  Innocent  connective-tissue  tumors,  (i)  Fibromata  a 
tumors  composed  of  fibrous  tissue.  The  growth  may  be  hard 
soft  (Fig.  79)  accordinj^  to  the  density  of  the  fibrous  tissue  and  t 
amount  of  liquid  which  it  contains.  Fibromata  may  arise  frt 
fibrous  tissue  in  any  part  of  the  body,  but  are  most  commonly  fou 
in  connection  with  the  periosteum  (c.g.,Jihrous  e/>uHs  oi  the  jaw),  si 
and  subcutaneous  tissues,  submucous  tissues  (Jbrous  polypi  of  t 
rectum  and  nasopharynx),  nerve  sheath,s  (false  tteuroma),  tendoi 
uterus,  ovaries,  and  kidneys.  Kdoid  is  a  hard  fibroma  of  the  si 
developing  spontaneously  {true  keloid)  or  attacking  scar  tissue  {cu 
Iricial,  or  false  keloid).  Molluscum  fibrosum  (see  Neurofibromato! 
chap,  xvii)  is  a  soft  fibroma,  which  may  occur  as  numerous  sm 
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nodules,  or  as  a  ditluse  form  in  which  the  skin  hangs  in  pendulous  folds 
i pachydermatocele) .  Fibromata  are  usually  rounded,  lobulated,  en- 
capsulated, and  of  slow  growth..  With  the  exception  of  keloid  (see 
chapter  on  skin)  and  fibromata  which  contain  sarcomatous  elements, 
recurrence  does  not  take  place  after  removal,  which,  again  excepting 
keloid,  is  in  general  terms  the  treatment.  Fibroma  is  often  asso- 
ciated with  other  forms  of  tumor  growth,  giving  rise  to  compound 


— HuKB  fibroiipomi 


tenoi,  such  as  fibrolipoma  (Fig.  80) .  fibromyxoma,  libromyoma,  and 
fibrosarcoma,  while  cystic,  colloid,  and  calcareous  degenerations  may 
occur. 

h)  Ltpomata  (Fig.  81)  are  composed  cf  fat  resembl  ng  that  of  the 
epiploic  appendages.  A  lipoma  is  soft,  lobulated,  and  clastic,  often 
preseating  pseudo-fluctuation;  it  is  delicately  encapsulated,  and  when 
atuated  in  the  subcutaneous  tissues  is  ovoid  in  shape,  and  causes  a 
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(limplini^  of  thi'  skin  when  moved,  owing  to  the  numerous  fibrous 
stranils  which  pass  from  the  capsule  to  the  skin.  A  fatty  tumor  may 
contain  an  excess  of  fibrous  tissue  (fibrolipoma).  or  a  large  number  of 
dilated  blood  vessels  (nevolipoma).  They  grow  slowly,  sometimes  reach 
a  \-ery  large  size,  are  commonly  single  but  may  be  multipleand  (Fig.  8,j  l 
are  most  frequent  in  mid-life  but  occur  also  as  congenital  growths. 
Among  the  secondary  changes  arc  calcification,  ossilication,  ulcera- 
tion, inJlammation,  mucoid  softening,  and  cystic  degeneration. 
Lipomata  occasionally  change  their  location  as  the  result  of  gravity, 
and   sometimes  become  pedunculated.     Subcutaneous  Upomata  are 

_  most  common  on  the  back  and 

about  the  shoulders.  Svbmy^HS 
lipomata  arc  rare.  Subsynaoid 
liponiala  may  project  into  a  jomt 
in  the  form  of  a  villous  growth 
(lipomata  arboreseeas)  and  be  asso- 
ciated with  an  increase  in  the  jtunt 
Huid  (synovitis  lipomatosis).  Sah- 
serous  lipomata  of  the  abdomen 
may  form  large  retro-peritoneal 
tumors,  or,  when  occurring  anteri- 
orly, may  insinuate  themselves 
through  congenital  openings  in  the 
abdominal  wall  or  even  make  for 
themselves  an  opening  (e.g.,  epigas- 
tric hernia)  and  draw  the  perito- 
neum after  them,  thus  producing 
u  hernia,  Subfacial  lipomata  of 
the  palm  or  sole  may  be  mistaken 
for  a  compound  ganglion.  Fatty 
tumors  beneath  the  occipito-front- 
alis  are  often  connected  with  the 
]nriiisteuni,  and  are  most  fre<|uent  on  the  forehead.  Intermuscular 
I'lpomaUi.  which  often  sjirinji  from  the  periosteum,  are  frequently 
mistaken  for  a  (hronic  abscc-ss  or  a  sarcnma.  Diffuse  lipomata  TFig, 
S>)  is  a  liuidizcd  nbesity,  frccjuintly  occurring  in  the  cervical  region 
as  double  chin  ur  double  neck.  The  fat  in  this  variety  is  granular 
and  Rsimblcs  nmentum.  Xunlhonui  is  classitied  as  a  fibroma  by 
some  authors,  ll  is  composetl  of  connective- 1  issue  cells  infiltrated 
with  fat.  and  is  a  small,  flat  {X.  planum),  or  elevated  (X.  tuberosum) 
yellowish  growth,  seen  most  frequently  on  the  eyelids.  It  may  be 
single  or  multiple,  and  is  sometimes  assiiciated  with  disease  of  the 
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diabetes.     Large  xatithomata  are  very  rare,  occur  most  often 
knee  and  the  heel,  and  contain  sarcomatous  elements. 

treatment  of  lipoma  is  excision,  which,  in  the  ordinary, 
scribed  subcutaneous  variety,  Is  readily  done  by  incising  the 
and  enucleating  the  growth  with  the  finger;  adhesions, 
r,  may  make  this  difficult.  In  the  diffuse  variety  dietetic 
•s  may  be  tried,  and  Uquor  potassae,  m.  lo  t.d.,  for  a  prolonged 
las  been  advised.     These  measures,  however,  will  be  found  of 


lipoma  of  the  neck  and  c 


use,  and  complete  excision,  which  is  often  troublesome,  offers 
Illy  chance  of  cure. 

l)  Choadrana  is  a  tumor  composed  of  cartilage,  often  occurs  at 
Tty,  is  found  most  frequently  growing  from  bones,  particu- 
those  of  the  haod,  foot,  femur,  and  pelvis,  and  is  occasionally 
in  the  salivary  glands,  breasts,  ovaries,  testicles,  tendons,  and 
Jes.  The  secondary  changes  which  may  take  place  are  fatty, 
jid,  calcareous,  and  cystic  degenerations,  while  ossification 
t  infrequent,  particularly  in  those  which  spring  from  the  epiphy- 
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seal  lines  of  long  bones.     In  the  parotid  and  testicle  mixed  tuir 
may  occur,  i.e.,  the  growth  may  be  associated  with  myxoma 


Pic,  83.— Multiple  Milicutoncous  lipomata.      (Pennsylvania  Hospital.) 


sarcoma,  or  both.  Ecchondroniu,  or  ccchondrosis,  occurs  as  a  spu 
rounded  out-growth  from  bones  or  cartilages.  Enchondroma  spi 
from  the  inner  surface  of  bone,  projecting  into  the  marrow  ca> 
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Ul  forms  are  hard  and  inelastic,  grow  slowly,  and  may  be  single, 
.Mnmetrical,  or  multiple.  The  treatment  is  removal.  In  mixed 
umors  recurrence  may  be  expected. 

(4)  Osteoma  (bony  timior)  is  really  an  ossified  chrondroma, 
ence  subject  to  the  general  statements  made  in  the  preceding 
aragraph.  It  usually  develops  where  bone  and  cartilage  meet, 
ther  projecting  from  the  exterior  of  the  bone  (exostosis)  or  from  the 
le  interior  (endostosis) ;  and  is  composed  of  compact  bone  (osteoma 
irum),  cancellous  bone  (osteoma  spongiosum),  or  extremely  dense 
)ne  in  which  no  blood  vessels  or  Haversian  canals  are  found  (ebur- 
ikd  osteoma).  Osteoma  rarely  reaches  a  large  size,  and  usually 
ases  growing  when  adult  life  is  reached.  Bursas  not  infrequently 
velop  over  an  exostosis  as  the  result  of  pressure.  A  subungual 
ostosis,  most  frequently  seen  beneath  the  nail  of  the  great  toe, 
exceedingly  painful  and  necessitates  removal  of  the  nail  in  order 
expose  and  remove  the  growth.  Diffuse  hypertrophy  of  the  bones 
the  face  (leoniiasis  ossea)  and  the  bony  growths  found  in  muscles 

id  tendons  as  the  result  of  irritation   (myositis  ossificans)   are 
teomatous  in  nature.     The  treatment  is  removal,  except  in  cases 
which  a  formidable  operation  would  be  necessary  for  a  growth 
hich  is  producing  but  little  annoyance. 

(5)  Myxoma  is  composed  of  mucoid  tissue,  resembling  the 
kTiarton's  jelly  of  the  umbilical  cord  or  the  vitreous  humor  of  the  eye. 
t  is  most  common  in  the  subcutaneous,  subserous,  and  submucous 

ft 

^uesj  and  in  the  perineurium,  and  is  a  soft  gelatinous  growth 
fhich  may  be  sessile  or  pedunculated,  in  the  latter  instance  forming 
^  Pol)T).  Hydatid  moles  are  due  to  myxomatous  degeneration  of 
'horionic  villi-  Myxoma  is  often  associated  with  other  forms  of 
^^or,  and  not  infrequently  recurs  after  removal,  owing  to  the 
P^nce of  sarcomatous  elements;  for  this  reason  the  treatment  should 
"C  early  and  thorough  extirpation. 

^6}  Myoma  occurs  as  leiomyoma  (smooth  non-striated  muscle 
^elki  or  as  rhabdomyoma  (striated  muscle  elements).  Leiomyoma 
^  most  common  in  the  uterus  (where,  owing  to  the  quantity  of 
^rous  tissue  present,  it  is  called  fibromyoma),  gastrointestinal 
^ct.  and  prostate.  It  is  encapsulated,  firm  in  consistency,  reddish 
<'n  section,  and  frequently  stratified  or  concentric  in  arrangement, 
•^ong  the  secondary  changes  which  may  occur  are  inflammation, 
ulceration  or  necrosis,  and  cystic,  fatty,  myxomatous,  sarcomatous, 
*  calcareous  degeneration.  It  may  be  excessively  supplied  with 
aige  blood  vessels  (myoma  cavernosum).  Rhabdomyoma  is,  as  a 
ulc,  chiefly  sarcomatous,  the  proportion  of  striped  muscular  fiber 
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being  small;  it  is  rare,  mostly  congenital,  and  is  found  in  the  kidney, 
ovary,  and  testicle.     The  treatment  is  excision. 

(7)  Hemangiomatai  or  tumors  composed  of  blood  vessels, 
occur  in  three  forms. 

(a)  Simple  nevus,  or  angioma  telangiectaticum,  consists  of  dilated 
capillaries,  arterioles,  and  venules.  When  the  arterioles  are  princi- 
pally involved,  the  growth  is  bright  red  {nevus  flamm€us,  or  straw- 
berry mark);  when  the  venules  predominate,  the  color  is  dark 
red  (nevus  venosus,  or  port  wine  mark).  These  tumors  are  slightly 
elevated,  usually  located  on  the  face  or  neck,  and  are  commonly 
congenita^  hence  the  terms  birth  mark,  mother's  mark.  A  nevus 
may  remain  unchanged,  disappear,  or  rapidly  increase  in  size. 
Violent  hemorrhage  results  from  injury  or  ulceration. 

(b)  Cavernous  angioma  is  composed  of  irregular  sinuses,  and 
resembles  in  structure  the  corpus  cavemosum,  indeed  may,  like  it, 
be  erectile.  The  arteries  empty  immediately  into  the  venous  spaces 
without  the  intervention  of  capillaries.  Such  growths  occur  in  the 
skin  {nevus  prominens),  subcutaneous  tissue,  and  in  the  viscera, 
particularly  the  liver,  but  are  seldom  congenital.  A  simple  angioma 
may  become  cavernous  in  type.  The  term  telangiectatic  is  applied 
to  various  tumors  which  contain  an  excess  of  blood  vessels,  cavern- 
ous to  those  in  which  these  blood  vessels  are  of  very  large  calibre; 
these  changes  are  most  frequent  in  sarcomata,  fibromata,  and  carcino- 
mata.  An  angioma  occasionally  becomes  sarcomatous.  A  cavern- 
ous angioma  may  be  emptied  on  pressure,  and  sometimes  there  are 
pulsation  and  bruit.  Spontaneous  cure  from  inflammation  is 
possible,  the  process  leading  to  thrombosis  with  subsequent  organi- 
zation of  the  clot. 

(c)  Plexiform  angioma  {racemose  aneurysm,  aneurysm  by  anas- 
tomosis,  cirsoid  aneurysm)  is  really  nor  a  tumor  but  a  varicose 
condition  of  arteries,  which  become  elongated,  thickened,  and  con- 
voluted. Arterial  varix  is  a  varicosity  of  one  artery  only  (see  chapter 
on  "Vascular  System")- 

The  treatment  of  hemangiomata  is  excision  whenever  possible. 
Elliptical  incisions  are  made  around  the  growth  in  the  healthy 
tissues,  and  the  resulting  wound  sutured.  Ligation  by  placing  a  pin 
through  the  base  of  the  nevus  and  winding  a  ligature  beneath,  or  by 
tying  the  base  of  the  nevus  in  sections,  is  much  less  preferable  than 
excision.  Cauterization  with  fuming  nitric  acid,  ethylate  of  soda,  or 
the  actual  cautery,  may  be  employed  if  the  growth  is  minute  and 
superficial.  The  injection  of  coagulating  fluids,  such  as  Monsel's 
solution,  carbolic  acid,  and  boiling  water  may  produce  embolism, 
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and  possesses  no  advantages  over  electrolysis,  which  is  useful  in  cases 
in  which,  owing  to  the  extent  of  the  growth,  excision  is  impossible, 
and  in  cases  in  which  a  minimum  of  scarring  is  desired.     One  or 
more  needles  connected  with  the  positive  pole  of  a  battery  are  insert- 
ed into  the  growth,  while  a  large  electrode  connected  with  the  negative 
pole  is  placed  on  some  indifferent  part  of  the  body;  the  needles 
should  be  insulated  to  near  the  point  in  order  to  protect  the  skin. 
From  25  to  200  milliamp^res  may  be  used  for  from  ten  to  fifteen 
minutes;  an    anesthetic    may    be    required.     The    mass    becomes 
firm  owing  to  the  coagulation  of  blood,  and  the  hardness  gradually 
disappears  with  the  absorption  of  the  thrombus.     The  number  of 
applications  will  vary  with  the  size  of  the  growth,  the  interval 
between  the  stances  being  about  ten  days.     Payr  recommends, 
particularly  in  inoperable  angiomata,  the  introduction  of  slivers  of 
magnesium  in  all  directions  through  a  small  wound;  the  metal  is 
absorbed    and    induces    coagulation. 
Pusey  freezes  small  nevi  with  carbon 
dioxide  snoWy  which  is  collected  in  a 
piece  of  chamois  skin  from  a  metal 
c}'linder  and  moulded  to  the  shape  of 
the  lesion,  to  which  it  is  applied  with 
forceps  for  from  ten  to  thirty  seconds. 
After  the  scab  which  forms  drops  off 

little  or  no  scarring  follows,   unless  the        Pig.  84.— Congenital  cavernous 

freezing  has  been  prolonged.    Radio-  ^^^  angioma. 

therapy  has  given  satisfactory  results  in  some  superficial  growths. 

(8)  Lympbangioina  is  a  tumor  made  up  of  dilated  lymph  vessels 
^lymphangiectasis),  or  more  frequently  lymph  spaces  {cavernous 
lymphangioma — Fig.  84).  Lymphangiomata  are  very  prone  to 
inflammation  and  this  sometimes  results  in  their  disappearance. 
The  condition  may  be  seen  in  the  tongue  (microglossia),  in  the  lip 
(macrocheUia),  or  in  the  skin  (nevus  lymphaticus).  Congenital  cystic 
%rawa  is  due  to  dilatation  of  lymph  spaces.  Lymphadenoma,  or 
lymphoma,  and  lymph  edema  and  varicosities  due  to  obstruction  of 
lymph  vessels,  are  described  with  the  diseases  of  the  lymphatic 
^'stera.    The  treatment  of  Ijonphangioma  is  that  of  hemangioma. 

(9)  NeuiOEiia  (see  chap.  xvii). 

^10)  Odontoma  is  a  tumor  composed  of  dental  tissue.  Sutton 
describes  seven  varieties:  i.  Epithelial  odontoma  (fibrocystic  disease 
^  Ike  jaw)  springs  from  the  enamel  organ  and  forms  an  encapsulated 
cystic  tumor,  usually  in  the  lower  jaw.  The  growth  may  be  very 
luige  and  has  been  mistaken  for  sarcoma.    This  variety,  although 
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of  epiblastic  origin,  is  mentioned  here  so  as  not  to  separate  it  from 
the  other  odontomata,  which  arise  from  mesoblastic  structures. 
2.  Follicidar  odontoma  (dentigerous  cyst)  is  a  cavity  containing 
an  unerupted  permanent  tooth.  3.  Fibrous  odontoma  is  a  thickening 
of  the  fibrous  capsule  of  the  tooth  sac,  which  may  become  so  great  as 
to  prevent  eruption  of  the  tooth;  it  is  said  to  occur  in  rickety  children. 
4.  Cementoma  encases  the  tooth  in  cement;  it  is  seen  in  ruminants 
but  rarely  in  man.  5.  Radicular  odontoma  arises  from  the  tooth 
papilla  after  eruption  of  the  crown,  and  consists  of  cementum  and 
dentine.  6.  Compound  follicular  odontoma  is  a  fibrous  tumor  con- 
taining numerous  denticles  which  erupt  at  intervals.  7.  Composite 
odontoma  is  composed  of  a  mixture  of  enamel,  dentine,  and  cemen- 
tum. The  treatment  of  dentigerous  cyst  is  removal  of  the  anterior 
wall,  with  cauterization  and  packing  of  the  cavity.  On  other  forms  of 
odontoma  excision  may  be  indicated. 

(11)  Glioma  is  a  tumor  springing  from  the  neuroglia;  it  consists 
of  round  cells,  from  which  fine  processes  extend,  forming  an  inter- 
lacing reticulum.  Gliosis  refers  to  a  diffuse  gliomatous  change, 
such  as  is  seen  in  the  spinal  cord  in  syringomyelia.  A  glioma  may 
become  nfiltrated  with  blood,  develop  cysts,  or  undergo  a  sarcoma- 
tous change,  indeed  some  authors  believe  it  to  be  always  sarcoma- 
tous, hence  the  term  gliosarcoma.  Glioma  of  the  eyeball,  a  growth 
which  springs  from  the  retina  in  children,  is  always  a  round-celled 
sarcoma.     The  treatment  of  glioma  in  suitable  cases  is  excision. 

(B)  Sarcomata,  or  malignant  comiective  tissue  tmnors,  are  com- 
posed of  embryonic  or  immature  tissues  of  mesoblastic  origin.  They 
are  often  smooth,  regular  in  outUne,  and  enclosed  by  a  pseudocapsule, 
but  may  be  infiltrating  in  character.  They  resemble  flesh  in  con- 
sistency and  color,  hence  the  term,  but  these  features  vary  with  the 
number  and  character  of  the  cells,  and  the  presence  or  absence  of 
secondary  changes,  such  as  hemorrhages,  formation  of  cysts,  m)rxoma- 
tous  degeneration,  and  necrosis,  all  of  which  cause  softening.  Those 
containing  bone,  cartilage,  or  much  fibrous  tissue  are  hard  in  consis- 
tency and  pale  on  section.  Sarcomata  are  usually  strikingly  de- 
ficient in  the  amount  of  intercellular  substance  compared  with  the 
number  of  embryonic  cells,  which  vary  in  size  and  shape,  are  nucleated, 
and  are  usually  without  a  limiting  membrane.  The  blood  vessels  are 
numerous  and  may  cause  the  timior  to  pulsate;  they  consist  of 
channels,  the  walls  of  which  are  the  sarcomatous  cells,  separated 
from  the  blood  stream  by  a  single  layer  of  endothelium,  thus  account- 
ing for  the  fact  that  sarcoma  spreads  by  the  blood  vessels,  and  for 
the  frequency  of  hemorrhagic  extravasation.     Melanotic  sarcoma, 
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Ij-mphosarconia,  and  sarcoma  of  the  tonsil,  testicle,  and  thyroid 
may  spread  by  the  lymphatics.  Sarcomata  may  occur  at  any  age, 
bntare  more  frequent  in  the  first  half  of  life;  they  possess  all  the 
features  of  malignancy.  When  the  growths  are  multiple  and  wide- 
sfmd  the  condition  is  called  sarcomalosis.  Although  some  forms  of 
sarcoma  exude  a  whitish  fluid  on  section,  it  never  resembles  the  milky 
juice  of  cancer.  It  is  sometimes  difficult  for  the  microscopist  to 
distinguish  between  round-celled  sarcoma,  gumma,  and  inflammatory 
tissue,  indeed  inflammatory  tissue  may  become  sarcomatous,  and 
sarcomatous  tissue  may  develop  into  the  maturer  forms  of  connective 
tissue.  Sarcomata  are  divided  according  to  the  size  of  the  cells  into 
'1)  the  rounded-celled  (small  and  large),  {2)  the  spindle-celled 
(small  and  large),  and  (3)  the  myeloid,  or  giant-celled. 

(i)  The  round-celled  sarcomata  (Fig.  85)  are  soft,  have  an  abun- 
dant blood  supply,  may  pulsate, 
po»  very  rapidly,  and  give  rise 
lo  early  metastases,  owing  to  the 
facility  with  which  the  small  cells 
are  washed  away  by  the  blood 
stream.  A  pulsating  sarcoma 
nay  simulate  an  aneurysm.  In 
some  cases  there  is  fever,  and 
this  with  a  soft  hot  swelling,  hot 
beause  of  the  vascularity,  may  , 
lead  to  a  diagnosis  of  abscess. 
Lymphosarcoma  is  a  round-celled  ?'°-  ss.-Round-ceiled^sarcoma  of  thigh 
sarcoma     attacking     lymphatic 

glands  and  other  lymph-adenoid  tissues,  which  it  resembles  histo- 
logically, the  intercellular  stroma  forming  a  reticulum.  Chloroma 
is  a  lymphosarcoma  springing  from  the  periosteum  of  the  skull,  and 
P^ing  rise  to  metastatic  growths  in  other  portions  of  the  body; 
w  section  it  has  a  greenish  color,  the  nature  of  which  is  not  known. 
The  blood  changes  may  be  those  of  lymphatic  leukemia.  The 
swalled  leukemic  tumors  which  may  occur  in  splenomedullary 
leukemia  and  Hodgkin's  disease  are  probably  sarcomatous.  Alveo- 
^f  sarcoma  may  be  classed  among  the  round-celled  sarcomata,  al- 
though spindle-cells  likewise  are  found  in  the  growth;  it  resembles 
cancer  in  the  formation  of  fibrous  alveoli  in  which  the  cells  are 
Msted.  The  blood  vessels  run  in  the  walls  of  the  alveoli.  The 
growth  is  most  common  in  the  skin,  often  developing  from  moles  or 
nrts.  Glioma  is  regarded  as  a  form  of  sarcoma  by  some  authors. 
UyuHs  fmtgoides  has  been  described  as  multiple  sarcomata  of  the 
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skin,  the  histological  picture  being  that  of  a  network  derived  f 
the  connective  tissue,  in  the  meshes  of  which  are  lymphoid  c 
Some  authors  believe  it  to  be  bacterial  in  origin. 

(2)  Spindle-celled  sarcoma  consists  of  large  or  small  spindle  • 
frequently  arranged  in  bundles;  the  stroma  may  be  quite  evid 
giving  the  growth  a  fibrous  appearance  {fibrosarcoma).  Tl 
growths  are  apt  to  originate  in  dense  connective  tissues  (tend 
fascia,  periosteum),  and,  when  composed  of  large  cells,  often  she 
slight  degree  of  malignancy,  recurring  after  excision  but  not  gi' 
rise  to  metastases. 

{3)  The  giant-celled  sarcoma  consists  of  multinucleated  giant 
(myeloplaques)  and  round  or  spindle  cells.  Owing  to  the  frequf 
with  which  it  occurs  in  bones,  it  is  often  called  myeloma,  or  myi 
sarcoma.  Epulis  is  usually  a  giant-celled  sarcoma.  The  growl 
J  relatively  benign;  secondary  groi 
I  rarely  occur  and  complete  recovery 
]  follow  excision.  Some  pathologists 
I  scribe  myeloma  as  a  benign  tumor  < 
I  posed  of  tissue  identical  with  the 
arrow  of  young  bone. 
Melanotic  sarcoma,  or  melanosart 
(Fig.  86),  is  usually  alveolar  in  type, 
the  architecture  may  be  that  of  any  o: 
varieties  described  above.  The  ti 
I  becomes  dark  in  color  owing  to  the 
position  of  black  or  brown  pigment  in 
between  the  cells.  This  pigments 
should  not  be  confused  with  that  due  to  extravasation,  which  is  < 
mon  in  all  forms  of  sarcoma.  The  growth  frequently  originat 
pigmented  structures,  such  as  moles,  warts,  or  the  retina.  Bej 
its  pigmentation  and  its  great  virulency,  the  tumor  diflfers  from  c 
sarcomata  only  in  the  fact  that  it  spreads  by  the  lymph  vessels 
Endothelioma  springs  from  the  endothelium  of  blood  ve 
ikemangioendolhelioma) ,  lymph  vessels  (lymphangioendothelio 
or  serous  membranes,  most  frequently  that  of  the  meninges,  ph 
or  peritoneum,  but  may  be  found  in  many  other  situations. 
tologically  the  growth  strongly  resembles  carcinoma,  the  endoth 
cells  being  nested  in  acini,  hence  the  term  endothelial  cancer;  owir 
its  mesoblastic  origin,  however,  it  may  be  classed  among  the  se 
mata.  When  the  endothelial  cells  are  clumped  in  small  nodules 
glistening  pearl-like  appearance,  it  is  known  as  cholesteatoma.  P: 
moma  (sand  tumor),  or  duraendothelioma,  occurs  in  the  menii 
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choroid  plexus,  and  the  pineal  gland;  it  contains  calcareous  matter  in 
the  form  of  fine  concretions.  Perithelioma ,  or  angiosarcoma  ^  springs 
from  the  adventitia  of  blood  or  lymph  vessels  and  is  seen  most  fre- 
quently in  the  skin,  salivary  glands,  and  serous  membranes.  The 
term  does  not  apply  to  the  number  of  blood  vessels  in  the  growth, 
although  these  may  be  numerous  and  large  (telangiectatic  sarcoma), 
Clylindroma,  or  plexiform  sarcoma,  is  a  perithelioma  in  which  hyahne 
or  mucoid  degeneration  takes  place  in  the  cells  surrounding  the  blood 
vessels,  the  sections  presenting  a  plexiform  arrangement.  Many 
endotheliomata  grow  slowly  without  causing  metastases,  but  recur 
after  excision;  others  are  highly  malignant. 

Hypernephroma  springs  from  the  suprarenal  gland,  or  from 
aberrant  rests  of  suprarenal  tissue,  which  may  be  found  in  many 
portions  of  the  body,  particularly  in  the  genitourinary  tract.  It  is 
said  to  be  the  most  common  malignant  tumor  of  the  kidney.  It  is 
usually  lobulated,  of  a  grayish-red  or  yellow  color,  and  frequently 
infiltrated  with  extra vasa ted  blood,  giving  rise  to  blue  or  black 
areas  or  cyst-like  cavities.  The  tumor  is  generally  encapsulated; 
it  may  remain  small  and  benign,  or  grow  rapidly  and  cause  metastases 
in  the  lungs,  liver,  bones,  and  other  parts. 

The  treatment  of  sarcomata  is  early  and  thorough  excision,  which 
in  the  least  malignant  varieties  may  be  followed  by  permanent 
recover}',  but  in  the  small  round-celled  and  melanotic  growths  will 
ver\-  likely  be  followed  by  recurrence.  In  those  growths  which 
2Lffect  the  lymph  glands,  these  should  be  removed  with  the  tumor. 
In  most  cases  it  is  advisable  to  make  an  X-ray  examination  of  the 
hings  for  metastases  before  deciding  on  operation. 

In  inoperable  sarcoma  measures  similar  to  those  mentioned  in  the 
treatment  of  inoperable  cancer  may  be  tried.  In  rare  instances 
growths  believed  to  have  been  sarcomata  have  undergone  sponta- 
neous resolution;  but  in  making  this  statement  one  should  not  fail  to 
call  attention  to  the  difficulty  often  experienced  by  the  pathologist, 
as  well  as  the  surgeon,  in  differentiating  sarcoma  from  syphilis  and 
chronic  inflammations.  Owing  to  the  fact  that  sarcomata  occa- 
sionaUy  disapp>ear  after  an  attack  of  erysipelas,  these  growths 
have  been  treated  by  inoculations  with  the  streptococcus  of  erysipe- 
las. More  recently  the  toxins  instead  of  the  living  organisms  have 
^n  used.  Coley's  fluid  is  a  sterilized  culture  of  the  streptococcus  of 
eO'sipelas  and  the  bacillus  prodigiosus.  The  initial  dose  is  J  2  niinim 
injected  into  or  aroimd  the  growth;  the  dose  is  gradually  increased 
until  a  reaction  of  from  101°  to  103°  F.  is  obtained,  then  repeated 
•very  two  or  three  days  for  three  weeks,  when  it  should  be  discon- 
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tinued  if  there  is  no  improvement.  If  the  growth  diminishes  in  size, 
the  injections  may  be  continued  until  the  tumor  has  disapp)eared,  or 
until  it  begins  to  grow  again.  The  spindle-celled  sarcoma  offers  the 
best  prospects  for  cure,  while  the  round-celled  and  melanotic  forms 
are  probably  influenced  little  if  at  all.  Coley's  fluid  seems  to  be  of 
undoubted  value  in  a  few  cases,  and  deserves  a  trial  in  inoperable, 
but  never  in  operable  growths.  The  X-rays  or  radium  may  be  em- 
ployed, but  seem  to  have  less  effect  than  in  carcinoma. 

(in)  Teratomata  are  congenital  tumors  composed  of  epiblastic, 
mesoblastic,  and  hypoblastic  structures,  and  are  most  frequent  in  the 
ovary,  testicle,  and  sacral  region.  The  tumor  may  contain  any 
tissue,  adult  or  embryonic,  hence  may  be  benign  or  malignant.  The 
simpler  forms  contain  dermal  structures  (dermoid  cyst)  and  are  due 
to  the  healing  in  of  epiblastic  tissue  in  the  deeper  structures,  the  more 
complex  forms  are  probably  due  to  the  inclusion  of  a  blighted  ovum 
or  rudimentary  twin  (fetus  in  fetu).  They  are  to  be  treated  by 
excision. 

CYSTS 

A  cyst  is  a  new  growth  consisting  of  a  wall  and  fluid  or  semifluid 
contents.  Cysts  arise  from  (A)  the  distention  of  preexisting  spaces 
or  are  (B)  of  new  formation. 

(A)  Distention  cysts  may  be  due  to  (i)  retention,  (2)  exudation, 
or  (3)  extravasation. 

(i)  Retention  cysts  are  caused  by  the  obstruction  of  the  duct  of  a 
gland,  the  duct  beyond  or  the  acini  becoming  distended  with  the 
normal  secretion,  which  in  the  course  of  time  may  be  altered  in 
appearance  and  surrounded  by  new  fibrous  tissue.  Such  cysts  are 
most  common  in  sebaceous  glands  (wens),  mucous  glands,  salivary 
glands  {ranula)y  and  in  the  breast,  pancreas,  testicle,  kidney,  and 
liver. 

(2)  Exudation  cysts  are  due  to  the  accumulation  of  fluid  in  pre- 
existing cavities  which  are  not  provided  with  an  excretory  duct. 
Serous  cysts,  acquired  bursas,  and  hygromata  are  the  result  of  dilata- 
tion of  lymph  spaces,  ganglion  and  hydrocele  the  result  of  exudation 
into  closed  serous  cavities.  Exudation  into  functionless  canals  is 
typified  in  cysts  of  the  urachus,  vitello-intestinal  duct,  parovarium, 
paroophoron,  Kobelt's  tubes,  Gartner's  duct,  branchial  clefts,  and 
thyro-glossal  duct.  Certain  cysts  of  the  thyroid  and  ovary  (those 
arising  from  the  Graafian  follicles)  are  exudation  cysts. 

(3)  Extravasation  cysts  follow  hemorrhage  into  a  preexisting 
cavity,  e.g.,  tunica  vaginalis  testis  (hematocele).     Extravasation  of 
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lood  into  tumors  or  other  tissues  also  may  give  rise  to  cyst-like 
ivities. 

(B)  Cysts  of  new  formation  arise  in  various  ways. 

(i)  Dennoid  cysts  are  lined  by  epithelium  and  contain  epithelial 
roducts,  such  as  hair,  nails,  teeth,  sebum,  mucus,  (a)  Sequestration 
emoids  arise  from  the  inclusion  of  a  portion  of  the  epiblast  in 
ituations  where  embryonic  segments  unite,  e.g.,  in  the  middle  line  of 
he  body  and  in  the  region  of  the  facial  and  branchial  clefts.  In  the 
ace  the  most  common  situation  is  just  behind  the  external  angular 
process  of  the  frontal  bone  (orbi to-nasal  cleft),  in  which  region  an 
opening  may  persist  in  the  skull  and  the  dermoid  be  connected  with 
ic  dura  mater,  (b)  Tubulo-der molds  are  those  developing  in 
iunctionless  ducts  or  obsolete  canals,  the  most  common  situations 
being  the  thyro-glossal  duct  and  the  post-anal  gut.  (c)  Ovarian 
kmaids  may  contain  not  only  dermal  structures, '  but  also  meso- 
blastic  structures,  such  as  bone  and  cartilage;  in  the  latter  instance 
the)'  are  supposed  to  be  due  to  the  inclusion  of  a  bli^ted  ovum 
iieratama).  (d)  Implantation  dermoid  (acquired,  or  traumatic  der- 
>wW)  is  due  to  the  thrusting  of  epithelial  cells  into  the  subcutaneous 
tissues,  usually  as  the  result  of  a  punctured  wound.  __^ 

(2)  Blood  cysts  may  arise  from  extravasation  of  blood  (hema- 
toma). A  second--^ariety  often  found  in  the  neck  is  of  doubfTul 
origin;  it  has  a  thin  wall  and  communicates  with  the  interior  of  a  vein. 

(3)  Cysts  due  to  foreign  bodies  are  an  effort  on  the  part  of  nature 
to  encapsulate  these  alien  substances.  Under  this  heading  may  be 
considered  also  parasitic  cysts,  two  of  which  require  notice. 

Hydatid  cyst  is  caused  by  the  echinococcus,  the  larva  of  the  tape- 
worm of  the  dog  {tenia  echinococcus).  The  ova  are  taken  into  the 
human  alimentary  canal  with  food  or  water;  the  embryo  is  then  freed, 
enters  the  blood  or  lymph  stream,  and  finally  lodges  in  an  organ  where 
it  forms  a  cyst.  The  wall  of  the  cyst  is  composed  of  three  layers, 
eternally  a  layer  of  fibrous  tissue,  then  a  cuticular  or  lamellar  layer 
Itctocyst),  and  lining  these  a  parenchymatous  germinal  layer  {eftdo- 
yst)  which  acts  as  a  budding  or  brood  membrane.  From  this  inner 
iyer  heads,  or  scolices,  with  four  suckers  and  a  circle  of  booklets 
fcvelop,  either  singly  or  in  groups  (brood  capsules),  and  form  daughter 
ysts  (Fig.  87).  The  fluid  of  a  hydatid  cyst  is  clear,  1009  to  1015 
fl  Sp.  Gr.,  neutral  or  alkalin  in  reaction,  and  contains  a  trace  of 
Ibumin  and  a  large  quantity  of  sodium  chlorid.  Microscopically, 
be  characteristic  booklets  may  be  found.  Even  large  hydatid  cysts 
lay  be  sterile,  i.e,  contain  no  daughter  cysts;  the  walls,  however 
kov  the  characteristic  lamination.    A  multilocular  hydatid  consists 
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of  numerous  small  cysts  not  inclosed  by  a  mother  cyst;  they  are  most 
frequent  in  bone  and  in  the  spinal  cord.     Hydatid  cysts  may  grow 


Pig.  S        D  Bgram  h  nococ         ye       te   Leukart,  Ziegler.  aad  Lendon). 

T.  The  ap  ih  rm  abo  6  mm  n  ngth  app  annf;  like  chalk-white  dots  in  the  duo- 
denum of  h  d  g  Ovum  ab  u  o  mm  d  am  ,  showing  sii-hoolced  embryo. 
3a.  Embryo  free  from  it  h  1.  3  C>s  d  ft  t  at  d  to  outer  laminated  layer  »nd 
parenchyma.  4.  Acephalocyst  stage.  An  outer  laminated  layer  and  an  inner  paren- 
chymatous layer,  both  now  vascular,  enclo'sing  fluid.  S-  Brood  capsules.  6.  Brood 
capsules  showing  ilevclopment  of  BColei  or  tape-worm  head.  7.  Daughter  cyst*. 
S.  Daughter  and  grand-daughter  cysts.  9.  Grape-like  mass  of  daughter  cysts,  mother 
cyst  having  disappeared.  10.  Shrinkage  of  mother  cyst,  causing  parasitic  wall  to  be 
folded,  and  between  these  folds  is  vascular  fibrous  tissue  belonging  to  the  adventitious 
cyst,  the  whole  forming  a  semi-solid  or  solid  mass,  having  a  honey  com  l>-like  foliated 
appearance  on  section,  compared  to  the  heart  of  a  cabbage,  or  resembling  colloid  cancer. 
II.  Scoliccs,  with  rostellum  and  booklets  protruded  or  retracted,  like  a  vorticella,  just 
visible  as  specks  when  the  fluid  is  held  up  to  the  tight,  and  measure  about  0.3  mm. 
la  and  tu.     Hooklets,  highly  magnified.     (Walsham.) 

to  a  large  size  before  the  parasite  dies,  the  contents  then  become 
inspissated,  and  may  disappear,  or  be  converted  into  a  mortar-like 
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mass  with  calcification  of  the  wall  of  the  cyst.  The  symptoms  of  a 
hydatid  cyst  are  those  of  pressure  on  surrounding  parts,  eosinophilia, 
and.  in  the  event  of  suppuration,  sepsis.  If  rupture  occurs  hydatid 
urticaria  or  hydatid  toxemia  may  ensue.  Hydatid  cysts  are  exceed- 
ingly rare  in  the  United  States,  and  are  most  common  in  Iceland  and 
AustraUa.  Any  part  of  the  body  may  be  attacked,  but  the  disease 
is  most  frequent  in  the  liver,  lungs,  kidney,  and  brain.  The  treatment 
is  excision  if  possible;  in  other  cases,  evacuation,  removal  of  the  endo- 
c\st,  and  drainage. 

The  cysticercus  cellidosct,  which  is  the  larva  of  the  tenia  solium,  or 
pork  tape  worm,  gains  entrance  to  the  tissues  in  the  same  way  as  the 
echinococcus.  Cysticerci  from  the  tenia  saginata  also  have  occurred 
in  a  few  cases.  Cysticerci,  i.e.,  the  cysts,  are  usually  multiple,  hard, 
and  rarely  as  large  as  a  hazelnut.  The  symptoms  are  due  to  pressure 
and  depend  upon  the  situation.  The  favorite  sites  are  the  subcuta- 
neous tissues,  the  central  nervous  system,  and  the  eye.  Calcification 
and  suppuration  are  possibilities.  Eosinophilia  occurs.  If  favor- 
ably located  cysticerci  should  be  excised. 

(4)  Cysts  of  degeneration  such  as  arise  in  tumors  require  no 
special  comment. 

DIAGNOSIS  OF  TUMORS 

One  must  first  be  sure  that  a  pathologic  swelling  is  present. 
Neurotic  individuals  sometimes  imagine  they  have  a  tumor  when 
they  discover  for  the  first  time  an  inequality  in  the  ribs,  a  self- 
inflated  stomach,  the  roll  of  epigastric  fat,  or  the  lobules  of  the 
kreast  which  can  be  picked  up  between  the  fingers.  Phantom 
tumor  (q.v.)  and  pregnancy  may  occasionally  deceive  even  the 
Diosl  able  clinician.  Other  forms  of  tumors  besides  neoplasms 
^d  cysts  are  mentioned  in  the  following  paragraphs,  because  in 
practice  one  must  often  consider  all  these  swellings  before  making 
the  diagnosis  of  a  new  growth. 

History. — (i)  Th^  family  history,  (2)  age,  (3)  nationality,  (4)  sex, 
'5^  occupation,  (6)  previous  history  of  the  patient,  and  (7)  previous 
^^eatment  of  the  swelling  may  have  some  bearing  on  the  diagnosis 
'>eechap.  i). 

(8)  Onset. — (a)  Sudden  onset  can  take  place  only  when  normal 
structures  or  contents  of  structures  are  suddenly  displaced,  e.g.. 
fractures  of  bone;  ruptures  of  muscles  or  other  parts;  dislocation  of 
organs  (hernia,  prolapse),  joints,  muscles,  tendons,  nerves;  escape 
<rfair  (emphysema^  pneumatocele),  blood  (hematoma,  hematocele, 
traumatic  aneurysm) ,  or  other  fluid  (extravasation  of  urine,  spurious 
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meningocele)  into  the  tissues.  A  neoplasm  never  springs  suddenly 
into  existence,  but  having  been  present  some  time  it  may  be  suddenly 
noticed,  or  having  been  concealed  it  may  be  abruptly  extruded  froni 
its  hiding  place,  e.g.,  polyps,  hemorrhoids,  loose  bodies  in  joints, 
tumors  of  the  spermatic  cord  lying  within  the  abdomen.  A  cold 
abscess  likewise  may  apparently  arise  instantaneously  when  it 
perforates  a  dense  fascia,  (b)  Rapid  onset  occurs  in  acute  inflam- 
matory processes,  edema  from  nervous  (angioneurotic)  or  hemic 
disturbances  or  from  interference  with  the  circulation,  and  in 
obstruction  to  the  ducts  of  actively  functionating  glands,  e.g. 
swelling  of  the  saUvary  glands  or  gall  bladder  from  calculus,  caked 
breast,  retention  of  urine  from  stricture.  It  should  be  recalled  that 
the  constant  irritation  produced  by  inflammation,  calculi,  etc., 
may  be  the  cause  of  neoplasms,  especially  carcinoma,  and  that 
inflammation,  edema,  and  obstructive  distention  of  ducts  or  glands 
may  be  the  result  of  new  growths.  We  have  seen  several  cases 
of  acute  cancer  and  round-celled  sarcoma,  notably  about  the  jaws 
and  breast,  which  owing  to  their  rapid  development  have  been 
incised  for  abscesses.  Many  of  the  conditions  mentioned  under 
''a"  may  arise  rapidly  instead  of  suddenly  when  the  causes  are 
less  active,  (c)  Slow  onset  is  characteristic  of  chronic  inflammation, 
hypertrophies,  some  forms  of  edema,  most  neoplasms  and  cysts, 
aneurysm,  varix,  and  of  swellings  due  to  gradual  displacement 
of  parts,  e.g.,  kyphosis,  exophthalmos,  and  many  herniae.  Chronic 
inflammatory  masses  due  to  the  irritation  of  a  ligature  or  other 
foreign  body  have  occasionally  been  excised  for  neoplasms. 

(9)  The  duration  of  a  neoplasm  is  generally  a  matter  of  months 
or  years;  in  the  former  instance,  if  large,  it  may  be  malignant,  in 
the  latter  it  is  probably  benign.  Tumors  dating  from  birth,  i.e., 
congenital,  are  usually  the  result  of  malformation  or  maldevelop- 
ment,  e.g.,  hernia,  hydrocele,  branchial  cysts,  congenital  dislocations, 
meningocele,  and  teratomata,  but  include  also  hemangioma,  lymph- 
angioma, lipoma,  fibroma,  hypertrophies,  and  masses  of  callus 
from  intrauterine  fractures.  Occasionally  tumors  of  congenital 
origin  do  not  appear  or  are  not  noticed  until  some  time,  perhaps 
years,  after  birth. 

(10)  The  progress  is  indicated  by  the  rate  and  manner  of  growth. 
Stationary  neoplasms  are  benign.  Diminution  in  size  may  occur 
(a)  suddenly  when  the  contents  of  a  swelling  escape  from  rupture 
of  the  tumor  (e.g.,  ovarian  cyst,  intraperitoneal  abscess),  from 
dislodgement  of  an  obstruction  in  a  duct  (e.g.,  distended  urinary 
or  gall  bladder),  or  from  displaced  parts  slipping  back  into  their 


TUMORS    AND    CYSTS  237 

normal  place  (e.g.,  hernia  and  prolapse),  or  (b)  gradually  from 
absorption  of  fluid  (pus,  blood,  serum,  milk,  etc.)  or  solids  (fibrin, 
granulation  tissue,  callus,  etc.),  or  from  contraction  of  fibrous  tissue 
(e.g.,  masses  of  adhesions,  withering  scirrhus) . 

Increase  in  size  depends  upon  the  activity  of  the  underlying 
cause  and  the  resistance  of  the  surrounding  tissues,  (a)  Sudden 
enlofiemeni  of  a  tumor  may  be  due  to  inflamniation,  hemorrhage 
into  its  interior,  obstruction  of  circulation  (e.g.,  ovarian  cyst  with 
twisted  pedicle),  partial  obstruction  of  a  duct  becoming  complete 
(e.g.,  sudden  swelling  of  a  hydronephrotic  kidney),  augmentation 
of  contents  made  up  of  normal  structures  (e.g.,  hernia,  prolapse), 
or  rupture  of  the  tumor  (e.g.,  aneurysm),  (b)  Rapid  enlargement 
occurs  in  inflammatory  processes,  many  forms  of  edema,  some  cysts, 
and  m  acute  carcinomata  and  small-celled  sarcomata.  Other 
malignant  tumors  develop  quickly  but  not  so  fast  as  the  last  men- 
tioned, (c)  Slaw  growth  generally  indicates  a  benign  neoplasm,  a 
chronic  inflammatory  process,  an  aneurysm,  a  varix,  a  cyst,  or  a 
h\pertrophy,  but  may  occur  in  malignant  neoplasms  of  low  virulency. 
The  rate  of  growth  changes  from  slow  to  rapid  when  a  benign 
neoplasm  becomes  malignant,  or  a  malignant  tumor  breaks  through 
a  dense  barrier,  such  as  fascia  or  bone,  (d)  Intermittent  enlargement 
may  be  due  to  intermittent  obstruction  of  a  duct  (e.g.,  hydro- 
nephrosis and  recurrent  distention  of  the  gall  bladder  from  ball- valve 
calculus),  intermittent  activity  of  a  gland  whose  duct  is  partly 
obstructed  (e.g.,  swelling  of  the  parotid  after  meals  in  salivary 
alculus),  intermittent  interference  with  the  circulation  (e.g., 
recurrent  varix  in  repeated  pregnancies),  successive  attacks  of 
inflammation,  increased  displacement  of  normal  structures  (e.g., 
hernia  and  prolapse),  vascular  dilatation  in  growths  with  a  rich 
blood  supply  (e.g.,  nevus,  goiter,  some  sarcomata),  or  to  adventitious 
pouches  (e.g.,  esophageal  diverticulum). 

The  direction  of  the  growth  is  well  defined  by  fascia  or  other 
dense  structures  in  many  abscesses,  notably  psoas  and  palmar 
abscess,  in  extravasation  of  urine,  hernia,  effusions  into  closed 
cavities,  and  in  some  neoplasms;  or  it  may  follow  the  path  taken 
hy  the  structures  involved,  e.g.,  lymphadenoma,  varices,  diffuse 
Jjpoma,  hypertrophies,  sarcoma  of  muscle  (in  the  early  stages). 
Cardnomata,  as  a  rule,  extend  most  rapidly  in  the  direction  of  the 
lymph  stream,  but  both  carcinoma  and  sarcoma  grow  in  all  directions 
*od  mfiltrate  contiguous  tissues  irrespective  of  their  structure, 
^gn  tumors  do  not  infiltrate,  they  expand,  and  push  aside  or 
compress  adjacent  parts  without  invading  them  with  tumor  cells. 
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(11)  The  amount  of  pain  depends  more  upon  the  sensitiveness 
of  the  tissue  involved,  the  structure  of  the  part,  whether  loose  or 
unyielding,  the  rapidity  of  the  growth,  the  presence  or  absence  of 
inflammatory  or  obstructive  complications,  and  the  temperament 
of  the  individual,  than  upon  the  nature  of  the  tumor,  although 
with  equal  circumstances  the  pain  in  malignant  disease,  owing 
to  its  infiltrating  character,  is  more  severe  than  in  benign  neoplasms. 
It  must  be  emphasized,  however,  that  many  malignant  tumors, 
especially  in  the  early  stages,  are  painless.  The  interpretation 
of  the  situation  and  the  character  of  pain  is  given  in  chaper  i. 
Local  Examination. — (i)  The  situation  of  a  tumor  is  important 
to  establish  not  only  the  anatomical  but  also  the  pathological 
diagnosis.  Epithelial  growths,  unless  secondary,  can  arise  only 
in  epiblastic  or  hypoblastic  tissues;  connective- tissue  tumiors  only 
in  mesoblastic  tissues.  Certain  tumors  have  a  predilection  for 
certain  structures  or  organs,  e.g.,  a  tumor  arising  from  a  nerve  is 
almost  sure  to  be  a  neuroma,  a  fibroma,  a  myxoma,  or  a  sarcoma; 
a  tumor  of  the  stomach,  a  carcinoma.  The  tumors  common  in 
other  organs  are  mentioned  in  the  sections  on  regional  surgery. 
The  position  of  a  swelling  may  correspond  with  one  of  the  cavities 
of  the  body  or  with  the  site  of  fetal  relics  or  folds  and  thus  betray 
its  nature,  e.g.,  synovitis,  bursitis,  hydrocele,  distended  urinary 
or  gall  bladder,  branchial  cysts,  meningocele.  Change  of  position 
may  occur  as  the  result  of  gravity  in  lipoma  and  hematoma;  of  a 
long  pedicle  in  ovarian  cysts,  floating  kidney,  wandering  spleen, 
and  similar  tumors;  of  attachment  to  freely  movable  structures 
like  the  intestine  or  omentum;  of  muscular  contraction  in  intus- 
susception, and  foreign  bodies  or  fecal  masses  in  the  intestine;  of 
continued  growth  (see  ** Direction  of  Growth"  above);  or  as  the 
result  of  reducibility  of  the  tumor  (see  "Reducibility"  below). 
The  situation  of  a  superficial  tumor  may  be  apparent  at  a  glance. 
Deep  tumors  may  sometimes  be  located  by  palpation,  by  bougies 
(e.g.,  in  the  urethra,  bladder,  esophagus),  by  instruments  for  inspect- 
ing the  interior  of  cavities  (e.g.,  cystoscope,  proctoscope,  etc.), 
by  transillumination,-  by  distending  a  viscus  (e.g.,  bladder,  stomach, 
colon)  studying  its  relations  with  the  mass,  by  the  X-ray,  and 
sometimes  only  by  the  pressure  symptoms. 

(2)  The  pressure  symptoms  depend  upon  the  size  and  situation 
of  the  growth.  The  skin  may  be  stretched,  thin,  bloodless,  and 
sometimes  ulcerated.  Arteries  are  more  often  displaced  than 
compressed,  although  diminution  or  aboUtion  of  the  pulse  beyond 
the  tumor  and  possibly  gangrene  may  occur.    A  delayed  pulse  is 
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not  caused  by  pressure  but  by  aneurysm.  Obliteration  of  veins 
leads  to  edema,  varix,  and  dilatation  of  collateral  branches;  of 
tympk  vessels  to  edema  which  pits  but  slightly  on  pressure.  Nervous 
structures  are  irritated  (pain,  hjqjeresthesia,  spasm,  increased 
reflexes)  or  destroyed  (anesthesia,  paralysis,  trophic  changes,  loss 
of  reflexes).  Muscles  and  other  soft  tissues  may  be  stretched, 
distorted,  or  atrophied,  bones  expanded,  eroded,  or  absorbed,  some- 
times leading  to  spontaneous  fracture,  and  joints  dislocated  or 
Tendered  useless.  Organs  may  be  displaced  (exophthabnos,  hernia, 
prolapse)  or  the  parenchyma  degenerated,  leading  to  grave  functional 
disturbances.  Pressure  on  the  bladder  may  lessen  its  capacity  and 
cause  frequent  micturition,  on  the  birth  canal  dystocia,  on  ducts 
retention  of  secretion,  on  the  air  passages  cough  and  dyspnea,  on 
the  esophagus  dysphagia,  and  on  the  bowel  symptoms  of  intestinal 
obstruction. 

(3)  The  siu  of  a  tumor  from  a  diagnostic  standpoint  is  of  value 
only  when  considered  with  its  duration  (indicating  the  rate  of  growth) 
and  the  symptoms;  malignant  tumors  rarely  attain  a  large  size  with- 
out causing  serious  general  symptoms  or  local  degenerative  changes. 

(4)  The  shape  of  a  swelling  may  correspond  with  that  of  a 
normal  organ  (e.g.,  sarcoma  of  the  ovary,  spleen,  kidney)  or  cavity 

e.g.,  in  synovitis  and  hydrocele).  The  form  is  often  hemispherical 
in  abscess;  globular  in  cysts;  sacculated  aneurysm,  and  soft  malignant 
tumors;  ovoid  in  lipoma;  warty  or  villous  in  papilloma;  lobulated 
in  lipoma,  adenoma,  chondroma,  epiplocele,  ganglia,  and  swellings 
due  to  inflammation  or  retention  of  secretion  in  acinous  glands 
'eg.,  breast  and  parotid) ;  nodular  in  scirrhus;  cauliflower  in  intracys- 
tic  papiUoma  and  in  ulcerating  malignant  tumors;  polypoid  in 
papilloma,  fibroma,  and  myxoma. 

1 5)  The  margins  are  sharply  defined  in  encapsulated  and  benign 
growths,  diffuse  and  ill-defined  in  infiltrating  growths  and  inflam; 
matory  processes. 

(6)  Mobility  of  a  growth  under  overlying  and  over  subjacent 
parts  is  generally  indicative  of  benignity  or  of  its  presence  in  or 
attachment  to  movable  structures.  In  the  latter  instance  it  will 
be  immovable  in  the  direction  in  which  the  structure  is  immovable 
(e.g.,  tumors  of  muscle,  tendons,  nerves,  and  vessels  are  movable 
perpendicularly  to  but  not  in  the  axis  of  these  structures) ,  or  when 
the  structure  is  made  tense  (e.g.,  muscle,  tendon),  or  when  the 
structure  is  fixed  with  th^  other  hand  (e.g.,  the  breast).  A  tumor 
attached  to  a  muscle  or  its  tendon  moves  during  contraction  of 
the  muscle;  to  the  trachea  (e.g.,  goitre),  during  deglutition;  to  the 


240  MANUAL   OF    SURGERY 

liver,  spleen,  or  kidney,  during  respiration.  A  tumor  which  dis- 
appears when  a  muscle  is  contracted  lies  beneath  it,  one  which  is 
made  more  prominent  is  either  a  hernia  or  lies  superficial  to  the 
muscle.  Immobility  means  attachment  to  a  fixed  structure  (e.g., 
bone) ,  inflammation  or  inflammatory  adhesions,  neoplastic  infiltra- 
tion (i.e.,  malignancy),  or  confinement  beneath  tense  structures  like 
muscle  or  fascia.  The  last  may  be  recognized  by  relaxing  the  musde 
or  fascia,  when  the  tumor  becomes  movable. 

(7)  The  consistency  of  a  solid  benign  tumor  is  that  of  the  tissue 
of  which  it  is  composed,  viz.,  bone,  cartilage,  fibrous  tissue,  fat,  etc. 
Malignant  growths  may  be  as  hard  as  bone  or  so  soft  that  they 
give  a  deceptive  sense  of  fluctuation ;  the  softer  the  tumor  the  more 
malignant  it  is.  Pitting  on  pressure  indicates  edema  (chap,  i), 
dermoid  cyst,  blood  clot,  or  impacted  feces.  A  soft  doughy  sensation 
may  be  noticed  in  gaseous  or  fecal  tumors,  blood  clot,  dermoid  cysts, 
and  in  tuberculous  affections  of  serous  or  synovial  cavities.  The 
consistency  of  tumors  may  sometimes  be  revealed  by  the  X-ray. 
The  significance  of  crepitation  and  alteration  of  the  local  temperaturCj 
which  may  be  noticed  at  this  time,  are  given  in  chap,  i,  and  of 
pulsation,  thrill  and  bruit  (which  is  audible  thrill)  in  chap,  i,  and  in 
the  section  on  aneurysm  (chap.  xv). 

Fluid  tumors  are  recognized  by  fluctuation,  translucency  (chap.i) 
exploratory  puncture,  or  in  some  cases  by  emptying  a  viscus  by  the 
natural  route,  e.g.,  catheterization  in  distended  bladder. 

Gaseous  swellings  are  due  to  the  presence  of  a  gas-containing 
viscus,  as  in  pneumocele  and  entcrocele;  to  a  leak  in  an  air-containing 
structure,  as  in  cutaneous  emphysema  and  pneumatocele;  to  the 
introduction  of  the  air  from  without,  as  in  emphysema  after  closing 
a  large  wound  or  after  a  careless  hypodermoclysis;  or  to  aerogenic 
bacteria,  as  in  gas  gangrene  and  physometra.     The  tumor  is  gen- 
erally yielding  and  elastic,  hence  often  gives  a  deceptive  sense  of 
fluctuation,  and  it  is  often  reducible.     Crepitation  may  be  obtained 
when  the  gas  is  finally  divided,  as  in  pneumocele  and  cutaneous 
emphysema;  gurgling,  when  it  is  mLxed  with  fluid,  as  in  enterocele; 
and  a  tympanitic  note  on  percussion,  when  sufficient  gas  is  present. 
Occasionally   bubbles   of   gas   can   be  seen,  e.g.,  in  gas  gangrene, 
and  in  certain  cases  it  may  be  evacuated  by  puncture,  incision,  or 
when  in  the  bladder  or  uterus  by  catheterization. 

Variation  in  consistency  indicates  the  presence  of  normal  tissues 
of  different  structure,  as  in  enteroepiplocele;  several  types  of  tumor 
formation,  as  in  teratoma,  adenomyxoma,  cystadenoma,  etc.;  or 
the  changes  to  be  mentioned  in  the  next  paragraph. 
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Change  in  consistency^  involving  either  a  portion  or  the  whole 
of  the  tumor,  results  in  hardening  or  softening. 

Hardening  arising  (a)  suddenly  or  rapidly  and  associated  with 
an  increase  in  size  may  be  due  to  any  of  the  conditions  mentioned 
above  under  "Sudden"  and  "Rapid  Enlargement/'  except  rupture 
of  tumors,  (b)  Gradual  hardening  with  increase  in  size  may  be  due 
to  the  increased  tension  attending  the  growth  of  cysts  and  encap- 
sulated tumors,  or  to  change  in  the  type  of  tissue  composing  the 
tumor,  e.g.,  when  a  lipoma  becomes  a  fibrolipoiha  or  the  embryonic 
cells  of  a  sarcoma  develope  into  maturer  forms  of  connective  tissue 
(fibrous,  cartilaginous,  osseous).  Gradual  hardening  wilh  decrease 
in  size  is  the  result  of  absorption  or  solidification  of  the  fluid  contents 
(rf  a  swelling,  e.g.,  in  cysts,  abscesses,  hematoma ta,  aneurysms, 
thrombophlebitis;  of  resolution  of  inflammatory  processes;  of 
organization  of  granulation  tissue;  of  ossification  of  callus;  or  of 
the  contraction  of  fibrous  tissue,  e.g.,  in  cicatricial  masses  and 
withering  scirrhus. 

Softening  arising  (a)  suddenly  with  increase  in  size  is  generally 
due  to  edema.  Sudden  softening  with  decrease  in  size  may  be  due 
to  rupture  of  a  cyst,  aneurysm,  or  abscess  into  a  normal  cavity,  to 
the  partial  dislodgment  of  an  obstruction  in  a  duct  or  canal,  or  the 
partial  reduction  of  a  hernia,  (b)  More  or  less  gradual  softening 
uith  increase  in  size  may  occur  when  a  benign  growth  becomes 
malignant,  when  a  malignant  growth  breaks  through  firm  fascia  or 
bone,  when  a  tumor,  usually  malignant,  undergoes  degenerative 
changes  (cystic,  mucous,  fatty,  colloid,  necrotic),  or  when  an  inflam- 
matory mass  suppurates.  It  should  be  noted  that  neoplasms  and 
cysts  may  become  inflamed  and  suppurate,  and  that  necrotic  changes, 
particularly  in  carcinoma,  may  result  in  the  formation  of  a  puruloid 
material  which  may  lead  to  the  diagnosis  of  acute  abscess,  the 
presence  of  the  growth  being  overlooked.  Gradual  softening  with 
decrease  in  size  points  to  the  absorption  of  the  contents  of  a  swelling 
whose  walls  remain  of  the  same  size,  e.g.,  serous  and  synovial 
^sions. 

Intermittent  hardening  and  softening  is  due  to  muscular  con- 
traction, e.g.,  in  intestinal  obstruction,  particularly  intussusception, 
and  in  pregnancy  (see  also  "Intermittent  Enlargement"  above). 

f8)  The  reducibility  of  a  swelling  in  part  or  as  a  whole  may 
suggest  its  nature.  Reduction  may  be  effected  by  compression  or 
^nipulaiion  in  angiomata,  varix,  aneurysm,  tumors  with  a  rich 
Wood  supply,  edema,  meningocele,  reducible  hydrocele,  bursae 
communicating  with  joints,  tumors  of  the  spermatic  cord,  partly 
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descended  testicle,  certain. abscesses  (e.g.,  psoas,  empyema  necessi- 
tatis), and  in  dislocations  of  normal  structures  (nerves,  tendons, 
muscle,  bone,  cartilage,  hernia,  prolapse);  by  position,  e.g.,  elevation 
or  the  recumbent  posture,  in  many  of  the  swellings  just  mentioned, 
and  flexion  of  the  knee  in  bursas  about  this  joint;  by  pressure  on  the 
artery  feeding  the  tumor  in  aneurysm  and  telangiectatic  growths; 
by  pressure  on  the  vein  supplying  the  swelling  in  varix  and  venous 
tumors  (in  applying  this  test  one  must  be  sure  of  the  direction  of 
the  venous  current  since  it  may  be  reversed,  as  in  varix  of  the  leg 
(q.v.);  by  catheterization  in  distended  hollow  viscera,  e.g.,  the 
urinary  bladder;  by  purgation  in  fecal  impaction;  or  by  anesthesia, 
e.g.,  in  phantom  tumor. 

The  phenomena  attending  reduction  should  be  noted.  An  entero- 
cele  disappears  with  a  gurgle,  certain  varices  with  a  thrill,  synovial 
effusions  containing  rice  bodies  with  a  peculiar  crepitus,  swelling 
due  to  dislocated  joints,  muscles,  or  tendons  often  with  an  audible 
snap,  and  meningocele  sometimes  with  symptoms  of  cerebral  com- 
pression. 

Most  reducible  swellings  reappear  or  increase  in  size  when  maneu- 
vers opposite  to  those  mentioned  above  are  attempted,  and  those 
communicating  with  the  cerebrospinal  canal,  thorax,  and  abdomen 
may  swell  when  the  patient  strains  and  have  an  impulse  on  coughing. 
It  is  important  not  to  mistake  a  false  for  a  true  impulse  on  coughing, 
the  former  is  nonexpansile. 

(9)  A  number  of  tumors,  if  such  are  all  primary,  usually  points  to 
benignancy,  but  it  should  be  recalled  that  one  of  these  tumors  may 
undergo  malignant  changes.  Multiple  malignant  tumors  are  almost 
always  secondary. 

(10)  The  skin  over  the  growth  may  be  adherent  because  the  tumor 
lies  in  this  structure,  because  of  inflammation,  or  because  of  infiltra- 
tion with  cells  of  malignant  tumors.  A  sebaceous  cyst  is  always 
attached  to  the  skin  at  one  poirtt,  a  subcutaneous  lipoma  at  many 
points,  as  is  shown  by  dimpling  of  the  skin  when  an  attempt  is  made 
to  pinch  it  up  between  the  fingers;  the  latter  should  not  be  confused 
with  the  multiple  depressions,  apparent  without  raising  a  fold  of  skin, 
which  occur  in  scirrhus  (see  ** Carcinoma  of  the  Breast'').  Mere 
tension  exerted  by  a  large  tumor  may  make  the  skin  apparently 
adherent.  The  color  of  the  skin  (chap,  i)  and  the  presence  or  ab- 
sence of  precancerous  dermatoses  (chap,  xiv)  should  be  noticed. 
Distention  of  the  superficial  veins  over  a  growth  may  be  caused  by 
any  tumor  which  obstructs  the  deeper  veins,  or  by  tumors  with  an 
abundant  blood  supply,  conspicuously  sarcoma;  in  the  former  the 
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veins  distal  to  the  growth  also  are  enlarged  and  perhaps  edema 
may  be  present,  in  the  latter  the  venous  engorgement  is  confined  to 
the  growth  and  the  parts  proximal  to  it  (Figs.  88,  89) .  Nodules  in  the 
skin  about  a  tumor  are  usually  secondary  malignant  growths.  Ul- 
ceration of  a  benign  tumor  may  occur  from  friction,  pressure,  or 
pyogenic  infection;  it  may  be  due  to  one  of  the  infectious  granulo- 
mata,  notably  syphilis  and  tuberculosis;  and  it  is  common  in  malig- 
nant tumors  (see  "Diagnosis  of  Ulceration")-  Bleeding  from  an 
ulcerating  tumor,  aside  from  hemangioma  and  villous  papillbmata, 
points  strongly  to  malignancy. 

(11)  Adjacent  lymph  glands  may  be  enlarged  in  any  form  of 
ulceration  (see  "Diagnosis  of  Ulceration,"  and  of  "Chronic Lymph- 
adenitis"); if  ulceration  is  not  present  the  growth  is  probably  car- 
cinoma, although  as  already  stated  certain  sarcomata  may  spread 
by  the  l)anph  vessels  (see  "Sarcoma"). 


Pic.  88. — A  tumor  (T)  pressing 
on  a  vein  (V)  causes  enlargement  of 
the  collateral  veins,  not  only  over, 
bat  also  above  and  below  the 
growth. 


Pic.  89. — ^A  vascular  tumor 
(T)  not  compressing  the  vein  (V) 
causes  enlargement  of  the  vessels 
over  and  above,  but  not  below, 
the  growth. 


(12)  Exploratory  incision  to  expose  the  growth  is  employed  par- 
ticularly in  abdominal  tumors.  Incision  of  the  swelling  itself  is 
sometimes  indicated  before  proceeding  to  extirpation;  cases  have 
occurred  in  which  the  tongue  or  the  breast  has  been  excised  and  the 
swelling  foimd  to  be  simply  a  cold  abscess;  again,  cases  of  fibrocystic 
disease  of  the  lower  jaw  and  chronic  inflammatory  swellings  due  to 
fordgn  bodies  have  been  subjected  to  formidable  operations  with  the 
Wief  that  the  swelling  was  sarcomatous. 

(13)  Excision  of  a  portion  of  the  tumor  for  microscopic  examina- 
tion is  occasionally  necessary  to  establish  a  correct  diagnosis.  In 
tkese  cases,  whenever  possible,  the  patient  should  be  prepared  for  a 
^cal  operation  and  a  section  of  the  growth  removed,  frozen,  and 
examined  at  once.  Allowing  days  to  elapse  between  the  exploratory 
exdsion  and  the  extirpation,  in  cases  of  malignant  disease,  may  per- 
DDt  of  dissemination  of  the  tumor  cells  from  the  cut  surfaces.  If 
(Iday  must  be  accepted  the  raw  surfaces  should  be  cauterized. 
Here  we  may  mention  the  possibility  of  making  a  diagnosis  by 
chemical  and  bacteriological,  as  well  as  microscopic,  examinations  of 
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fluids  obtained  by  aspiration  (e.g.,  in  ranula,  galactocele,  pancreatic 
cyst,  hydatid  disease,  hydronephrosis,  tuberculous  abscess);  of 
secretions  (e.g.,  examination  of  the  stomach  contents  in  gastric 
carcinoma);  of  excretions  (e.g.,  by  recovery  of  portions  of  the 
growth);  and  of  discharges  (e.g.,  in  the  infectious  granulomata) . 

General ExaminatiQii. — Cachexia  occurs  in  malignant  tumors,  but 
as  a  late  sign,  hence  its  absence  should  not  influence  the  diagnosis  in 
the  early  stages.  Metastases  should  be  sought  for,  not  only  in  lymph 
glands,'  but  in  other  portions  of  the  body,  particularly  the  lungs,  liver, 
and  the  bones;  and  a  search  made  for  evidences  of  diseases,  like 
syphilis  and  tuberculosis,  which  might  cause  a  localized  swelling. 
The  heart  is  examined  as  a  matter  of  routine;  in  many  cases  of  fibro- 
myoma  of  the  uterus  it  undergoes  brown  atrophy.  Blood  examina- 
tion may  reveal  anemia;  luekocytosis;  the  hemolytic  reaction  in 
the  later  stages  of  malignant  disease;  lymphocytosis  in  chloroma, 
tuberculosis,  exophthalmic  goiter,  or  any  disease  of  the  lymph 
glands;  the  Wassermann  reaction  in  gummata;  and  eosinophilia  in 
parasitic  cysts.  Apart  frpm  local  conditions  the  urine  may  show  the 
Bence- Jones  albumose  in  myeloma,  sugar  and  the  Cammidge  reac- 
tion in  pancreatic  tumors. 


:i:<i 


CHAPTER  XIV 
AND  CUTANEOUS  APPENDAGES 


Only  those  affections  of  the  skin  which  may  interest  the  surgeon, 
and  which  are  not  dealt  with  in  other  sections  of  the  book  are  in- 
cluded in  this  chapter. 

Erythema  nodosum  must  be  mentioned,  because  its  local  manifes- 
tations may  be  mistaken  for  abscesses,  gummata,  bruises,  or  osteo- 
myelitis. It  is  most  frequent  in  young  females,  and  is  characterized 
b\'  fever,  and  the  formation  of  round  or  oval  nodules,  varying  in  size 
from  that  of  a  pea  to  an  area  several  inches  in  diameter,  usually 
on  the  shins,  but  occasionally  on  other  portions  of  the  body.  These 
nodules  are  at  first  bright  red,  painful,  tender,  and  often  so  soft  as  to 
gi\'c  a  sense  of  fluctuation,  but  they  should  never  be  opened,  as 
spontaneous  resolution  always  takes  place  in  the  course  of  a  few 
weeks.  As  the  swelling  subsides,  the  color  passes  through  the  various 
shades  of  a  bruise,  hence  the  term  erythema  contusiformis.  Since  the 
disease  is  often  associated  with  rheumatism,  and  since  similar  lesions 
Diay  occur  in  sepsis,  ptomain  poisoning,  and  after  the  administration 
of  certain  drugs,  notably  the  iodids,  the  bromids,  and  antipyrin,  it 
probably  is  of  a  toxic  nature.  The  treatment  is  rest  in  bed,  lead 
water  and  laudanum  locally,  and  salicylates  internally. 

Purpura  appears  as  minute  hemorrhages  (petechiae)  in  the  skin 

*od  the  mucous  membranes.    It  is  a  symptom  of  many  diseases,  for  a 

Wllist  of  which  the  student  is  referred  to  a  text  book  on  medicine  or 

<fennatology.     The  surgeon  is  interested  in  purpura  for  four  reasons. 

I)  As  an  indication  of  spontaneous  hemorrhage  (q.v.)  it  forbids  any 

l^it  the   most   urgent  operation.     (2)  It  may  be  encountered  in 

surgical  conditions  like  hemophilia,  cholemia,  septicemia,  snake  bite, 

"ghtning  stroke,  carcinomatous  or  tuberculous  cachexia,  traumatic 

^)hv'xia,  and  stasis  from  venous  obstruction;  and  it  may  follow  the 

^ministration  of  antipyrin,  bromids,  belladonna,  copaiba,  ergot, 

oiercury,  or  quinine.     (3)  It  may  give  rise  to  errors  of  diagnosis, 

unless  one  looks  for  the  spots  in  the  skin.     In  purpura  hemorrhagica 

there  may  be  bleeding  from  the  nose,  the  stomach,  the  bowel,  or  the 

kidney.    In  Henoch's  purpura  there  may  be  fever,  slight  leukocyto- 

as,  tenderness  and  rigidity  of  the  abdomen  (suggesting  appendicitis) , 

omitiiig  (sometimes  of  blood)  and  constipation  (simulating  intes- 

us 
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tinal  obstruction),  or  diarrhea  with  bloody  stools  (aping  mesenteric 
thrombosis) ;  the  articular  manifestations  may  be  misinterpreted  as 
due  to  some  other  joint  affection.  The  purpuric  rash  is  often  the 
last  symptom  to  appear,  and  even  when  present  may  not  be  noticed. 
Notwithstanding  the  possibility  of  making  a  mistake,  however,  if  the 
abdominal  symptoms  are  strongly  indicative  of  a  grave  surgical 
lesion  a  laparotomy  must  be  performed.  Mitchell  has  collected  20 
cases  in  which  the  abdomen  was  opened.  In  some  the  intestine 
appeared  normal,  in  some  there  were  petechiae  and  edema,  in  eight 
there  was  an  intussusception.  (4)  In  the  treatment  of  purpura  the 
surgeon  may  be  requested  to  transfuse  blood. 

-Sporotrichosis  is  caused  by  the  sporothrix  Schenckii,  which  is 
found  around  barn  yards,  on  vegetables  and  grain,  and  which  enters 
the  body  through  a  wound  or  with  the  food.  In  the  tissues  these 
organisms  are  seen  as  oval  bodies,  often  with  budding  processes;  on 
artificial  media  mycelial  filaments  and  spores  are  formed.  The 
disease  occurs  in  horses,  mules,  dogs,  and  rats,  as  well  as  in  man. 
In  man  the  lesions  may  resemble  those  of  syphilis,  tuberculosis,  or 
rarely  those  of  blastomycosis.  The  dermal  form  follows  a  trivial 
wound ;  a  rat  bite  or  a  thorn  wound  is  highly  suggestive.  Painless, 
cutaneous  or  subcutaneous  nodules  appear  along  the  course  of  the 
lymphatics,  and  ultimately  soften,  discharging  a  seromucoid  pus. 
In  the  osseous  and  the  articular  forms  there  may  be  eburnation,  cold 
abscesses,  or  a  gummatous-like  degeneration.  The  disease  may 
occur  also  in  any  of  the  other  tissues  of  the  body.  If  one  only  sus- 
pects the  condition,  the  diagnosis  can  be  made  readily  by  the  bac- 
teriologist. "WidaPs  reaction  consists  in  an  agglutination  of  the 
spores  by  the  patient's  blood  serum.  The  treatment  is  potassium 
iodid  internally,  with  a  weak  iodin  \frash  locally.  Curettage  or  more 
extensive  surgical  measures  may  occasionally  be  necessary. 

Blastomycosis  is  an  infectious  disease  due  to  blastomycetes,  and 
is  most  commonly  found  in  the  skin  of  the  upper  extremities  and  face. 
A  few  cases  of  general  infection  have  been  reported.  The  organism 
is  spherical  or  oblong,  surrounded  by  a  double  capsule,  and  may 
contain  a  nucleus  or  spore-like  body,  vacuoles,  and  granules.  Mul- 
tiplication takes  place  by  budding.  Beginning  as  a  small  papule  the 
lesion  becomes  pustular  and  discharges  a  glairy,  sticky  secretion. 
The  ulcerating  surface  gradually  enlarges  and  becomes  covered  with 
soft,  friable  papillae.  The  margin,  one  of  the  characteristic  features, 
is  raised,  indurated,  and  a  dusky  red  in  color,  and  scattered  through 
it  may  be  seen  small  miliary  abscesses.  The  disease  may  last  for 
years.     The  diagnosis  is  confirmed  by  microscopical  examination  of 
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the  pus.  The  prognosis  is  good,  provided  the  treatment  is  instituted 
early,  when  a  cure  may  be  expected  in  from  three  months  to  a  year. 
The  treatment  is  excision,  or  when  this  is  not  possible,  the  continued 
use  of  potassium  iodid  with  local  antiseptics  and  the  Rontgen  ray 
(Ridetts). 

A  boil,  or  furuncle,  is  an  acute  inflammation  of  a  limited  portion 
of.  the  skin  and  subcutaneous  tissue  around  a  hair  follicle,  sweat  or 
sebaceous  gland.  Infection  is  commonly  due  to  the  staphylococcus 
p>ogenes  aureus.  Bright's  disease,  diabetes,  or  any  other  condition 
which  lowers  the  general  resistance  predispose  to  crops  of  boils. 
.\  boil  may  be  preceded  by  a  slight  wound  or  abrasion,  such  as  that 
which  follows  shaving,  scratching,  or  irritation  from  a  collar  button, 
but  in  many  instances  no  such  history  can  be  obtained.  Secondary 
boils  are  caused  by  infection  of  surrounding  hair  follicles  by  organisms 
from  the  primary  boil. 

The  symptoms  are  a  stinging  and  itching  sensation  due  to  the 
formation  of  a  small  red  pimple,  which  increases  in  size,  becomes  more 
painful,  and  forms  a  conical  elevation,  deep  red  in  color  and  very 
tender.  Occasionally  the  process  extends  no  further  and  the  inflam- 
mation gradually  subsides  without  suppuration  {blind  boil). .  As  a 
nile  the  pain  and  swelling  increase,  the  color  becomes  more  dusky, 
*nda  pustule  forms;  this  ruptures  and  exposes  a  ^'core''  or  slough, 
consisting  of  a  necrotic  sebaceous  gland  or  hair  follicle.  After 
separation  of  the  slough  the  cavity  heals  by  granulation. 

The  treatment  is  hot  fomentations,  and  incision  when  maturation 
occurs.  Tonics  are  required,  and  calx  sulphurata,  grain  j^fo  t.  d., 
4nd  fresh  brewer's  yeast,  f3i  before  or  during  meals,  have  been 
recommended  to  hinder  the  formation  of  new  boils.  Vaccin  treat- 
ment may  be  tried. 

Oriental  boil  (aleppo  boily  Buska  button,  Dehli  sore)  is  confined  to 
the  tropics  and  is  contagious.  It  begins  as  a  papule,  which  ulcerates, 
4e  ulcer  healing  only  after  months  and  leaving  an  ugly  scar.  The 
treatment  is  cauterization  or  excision. 

Carbuncle  is  an  acute  inflammation  of  a  b'mited  portion  of  the 
iinand  subcutaneous  tissue,  with  the  formation  of  multiple  sloughs. 
Like.a  boil  it  is  due  to  the  staphylococcus  pyogenes  aureus  and  occurs 
u»  individuals  whose  general  resistance  is  depressed  by  diabetes, 
Wright's  disease,  or  any  other  debilitating  condition;  in  fact,  a  car- 
'^unde  is  a  boil  with  multiple  cores.  Carbuncles  arc  most  frequent 
^  the  back,  nape  of  the  neck,  and  buttocks.  The  infection  enters 
^  hair  follicle,  reaches  the  subcutaneous  tissue  through  the  little 
cohnnn  of  fat  in  which  the  hair  follicle  ends,  then  spreads  laterally, 
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and  again  finds  egress  through  columns  of  fat  {coiumtKB  adiposct)  to 
the  surface,  thus  giving  a  sieve-like  appearance. 

The  S]rmptoins  at  the  outset  may  be  those  of  a  boil,  or  there  may 
be  a  deep  infiltration  of  the  subcutaneous  tissues.  In  either  event 
the  induration  spreads  until  in  some  cases  it  reaches  the  diameter  of 
six  or  more  inches.  All  the  symptoms  of  acute  inflanmiation  are 
present.  While  the  process  is  still  extending,  the  central  portion 
becomes  more  soft  and  develops  numerous  pustules,  which,  bursting, 
uncover  grayish  sloughs,  so  that  at  this  stage  a  carbuncle  resembles 
a  sponge,  the  meshes  of  which  are  filled  with  pus  and  necrotic  tissue. 
Many  of  the  openings  coalesce  while  new  ones  are  forming  at  the 
periphery.  In  a  favorable  case  the  inflammation  subsides,  the 
sloughs  separate,  and  the  cavity  heals  by  granulation.  The  con- 
stitutional symptoms  are  those  of  septic  intoxication,  septicemia,  or 
pyemia.  Carbuncles  occurring  in  vascular  regions,  such  as  the  face 
and  lips,  are  more  serious  because  of  the  danger  of  septic  phlebitis, 
which  in  facial  cases  is  prone  to  spread  to  the  cavernous  sinus.  The 
mortality  of  facial  carbuncle  is  50  per  cent. 

The  treatment  is  excision  in  those  cases  which  are  seen  early  and 
in  which  the  carbuncle  is  favorably  situated;  the  wound  is  allowed  to 
granulate  under  antiseptic  dressings.  In  other  cases  the  honey- 
combed mass  should  be  opened  freely  by  crucial  incisions,  and  as 
much  of  the  necrotic  tissue  as  possible  removed  with  forceps  and 
scissors.  The  wound  should  then  be  disinfected  with  peroxid  of 
hydrogen  and  bichlorid  of  mercury  solution,  i  to  1,000,  and  dressed 
warm  antiseptic  fomentations.  In  the  few  cases  in  which  we  have 
tried  the  x-rays,  they  had  no  appreciable  effect  on  the  carbuncle. 
The  constitutional  treatment  is  that  of  sepsis. 

Multiple  areas  of  cutaneous  gangrene  may  occur  in  certain 
skin  diseases,  (gangrenous  urticaria,  herpes,  erythema,  etc.);  in 
acute  infective  fevers,  possibly  as  the  result  of  embolism;  in 
hysteria,  perhaps  from  self-inflicted  injuries  with  caustics;  arid  they 
may  arise  spontaneously  or  from  some  obscure  change  in  the 
nervous  system.  The  sloughs  should  be  allowed  to  separate  under 
antiseptic  fomentations,  and  treatment  directed  to  the  underlying 
cause. 

A  clavus,  or  com,  is  a  circumscribed  hypertrophy  of  the  epidermis 
with  the  projection  into  the  skin  of  a  horny  plug  of  the  same  material. 
A  callosity  differs  from  a  corn  in  the  absence  of  the  ingrowing  central 
plug.  Corns  are  the  result  of  long  continued  pressure,  and  are  rarely 
seen  except  on  the  feet.  Hard  corns  occur  on  the  dorsal  surface  of  the 
toes,  particularly  the  little  toe,  soft  corns  between  the  toes,  where 
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they  become  sodden  from  the  constant  presence  of  moisture.  Both 
varieties  are  painful,  and  may  become  inflamed  and  suppurate. 

The  treatment  is  removal  of  pressure  by  the  wearing  of  well 
fitting  shoes  or  the  application  of  a  circular  corn-plaster  of  felt. 
The  com  itself  may  be  removed  with  a  sharp  knife  after  the  parts 
have  been  softened  by  soaking  in  hot  water.  Any  existing  deformity, 
e.g.,  hammer-toe,  should  be  corrected.  Corns  may  be  treated  also 
by  the  application  of  tincture  of  iodin,  silver  nitrate,  or  salicylic  acid; 
the  first  and  second  may  be  used  in  a  pure  form,  the  last  in  a  mixture 
consisting  of  salicylic  acid  3  i,  extract  of  cannabis  indica  gr.  x,  and 
collodion  3i-  These  applications  may  be  used  daily  for  a  week  or 
longer.  When  the  corns  are  between  the  toes,  the  part  should  be 
frequently  washed,  dried,  dusted  with  stearate  of  zinc,  and  the  toes 
separated  by  cotton. 

Horns  (carnu  cutan^um)  are  dry  and  solid  outgrowths  from  the 
skin  and  consist  of  cornified  epithelium.  They  sometimes  arise  from 
warts  or  from  sebaceous  glands.     They  should  be  excised. 

A  wart  {verruca)  is  a  papilloma  of  the  skin,  which  is  commonly 
pigmented  and  often  seen  on  the  hands  of  young  persons  {v.  vulgaris) 
and  on  the  back  and  arm  of  the  elderly  {v.  senilis).  It  may  be  broad 
and  flat  {v,  plana),  filamentous,  notably  about  the  face  {v, 
jiifwmis),  divided  into  finger-like  processes,  particularly  on  the 
scalp  (r.  digitata),  or  cronical  {v.  acuminata) ,  especially  about  the 
mouth,  anus,  and  genitals  see  (*' Venereal  Warts'^.  The  surface  may 
he  smooth,  cauliflower- like,  or  horny  {wart-horn) .  Warts  are  thought 
to  be  due  to  micro-organisms,  are  often  multiple,  and  may  appear  and 
^appear  without  apparent  cause.  They  may  be  treated  by  daily 
cauterization  with  lactic,  chromic,  nitric,  or  glacial  acetic  acid,  by  car- 
hon  dioxid  snow,  by  radiotherapy,  or  by  excision. 

A  mole  is  a  circumscribed  hypertrophy  of  the  skin,  usually 
congenital,  pigmented  {nevus  pigmentosus) ,  and  covered  with  hair 
'«««5  pilosus).  White  moles  are  often  hairless  {nevus  spilus)  and 
acquired.  A  mole  may  have  a  papillary  surface  {nevus  verrucosus) 
or  be  infiltrated  with  fat  {nevus  lipomatodes) .  The  most  interesting 
point  about  a  mole  is  that  its  base  strongly  resembles  in  structure 
an  alveolar  sarcoma;  in  fact,  it  may  in  later  life  originate  such  a 
growth,  usually  of  the  melanotic  variety.  Moles  so  situated  as  to 
produce  disfigurement  may  be  excised;  moles  which  are  spreading 
rapidly  must  be  excised. 

Tubercolosis  of  the  skin  occurs  in  a  variety  of  forms  (macules, 
papules,  pustules,  tubercles),  many  of  which,  e.g.,  lichen  scrofulosum, 
eczema  scrofulosum,  etc.,  belong  strictly  to  a  work  on  dermatology. 
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Only  those  tuberculous  lesions  of  the  skin  which  more  particularly 
concern  the  surgeon  will  be  described  here. 

Tuberculosis  ulcerosa  (ulcere  des  phihisiques)  is  an  uncommon 
form  of  tuberculous  ulceration,  occurring  almost  exclusively  at 
muco-cutaneous  junctions  as  the  result  of  internal  tuberculosis.  The 
ulcers  are  shallow,  generally  very  painful,  and  have  irregular  edges. 
The  base  is  bathed  in  a  scanty  sero-purulent  discharge  and  occasion- 
ally shows  miliary  tubercles.  The  treatment  is  that  of  tuberculosis, 
with  local  applications  of  silver  nitrate. 

Verruca  necrogenica  {anatomical  tubercle,  butcher  ^s  wart)  occurs 
upon  the  dorsal  surface  of  the  hand  of  pathologists,  surgeons, 
butchers,  or  others,  as  the  result  of  local  infection  with  the  tubercle 
bacillus.  It  consists  of  a  warty-like  mass  often  presenting  small 
pustules.     The  treatment  is  excision. 

Scrofulodenna  (tuberculous  gummata)  is  the  result  of  infection  of 
the  skin  or  subcutaneous  tissues,  and  consists  of  a  tuberculous  mass  of 
variable  size,  which  breaks  down  and  eventuates  in  an  ulcer.  These 
tuberculous  ulcers  have  bluish,  undermined,  irregular  edges,  and  are 
often  covered  by  a  crust,  under  which  may  be  found  pulpy  and  edema- 
tous granulations.  Healed  tuberculous  ulcers  are  characterized 
by  puckering  or  inversion  of  the  skin.  The  treatment  is  removal  of 
the  undermined  skin  and  edematous  granulations,  the  wound  being 
packed  with  iodoform  gauze.     Radiotheraphy  may  be  of  service. 

Lupus  vulgaris  is  a  tuberculous  infection  of  the  skin,  rarely 
beginning  after  the  age  of  thirty,  and  most  frequently  seen  upon  the 
face,  particularly  the  nose  and  cheeks,  although  other  portions  of  the 
body,  notably  the  extremities,  may  be  attacked.  The  disease  is 
essentially  a  local  one,  although  generalization  of  the  tubercle 
bacilli  may  occur.  It  begins  as  a  pinkish  or  I  rownish-yellow  nodule 
(lupoma) ;  other  nodules  form,  usually  along  the  course  of  the  blood 
vessels.  Thus  the  resulting  patches  are  often  irregular  or  serpig- 
inous. Pain  is  absent  and  the  lesion  may  feel  firm  or  soft.  When 
resolution  takes  place  without  ulceration,  the  nodules  shrink,  pro- 
ducing a  thin  scar  covered  by  scaly  epithelium  (lupus  exfoliativus) . 
Ulceration  with  subsequent  cicatrization  is  more  common,  th^  periph- 
ery breaking  down  as  the  older  portions  are  healing.  Ulceration 
may  be  excessive  (lupus  exulceranSy  or  lupus  exedens),  or  there  may  be 
a  tendency  towards  the  formation  of  exuberant  fungoid  granulations 
(lupus  hypertrophicus).  The  disease  may  invade  adjacent  mucous 
membranes  or  destroy  adjoining  cartilage;  a  nose  thus  affected 
presents  a  "lopped-oflf"  appearance,  in  contradistinction  to  the 
**sunken-in''  nose  of  syphilis.     A  lupoid  ulcer  is  irregular,  owing  to  the 
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fact  that  it  progresses  at  one  side  while  healing  at  the  other.  The 
Use  is  covered  by  "apple-jelly"  granulations,  originating  a  sero- 
puruient  discharge  that  forms  a  thick  brownish  crust.  The  margins 
are  elevated  and  thickened,  and  contain  the  lupoid  tubercles  or 
cmsist  of  cicatricial  tissue.  The  surrounding  parts  are  congested 
aod  yellowish-red  in  color,  and  adjacent  lymph  glands  may  be  en- 
iitged.  The  scar  resulting  from  the  healing  of  a  lupoid  ulcer  is 
puckered,  yellowish,  and  possesses  but  little  vitality,  reulcerating  on 
the  slightest  provocation. 

Diagnosis.— Z.u^iM  erythematosus  is  generally  regarded  as  non- 
tuberculous  in  origin,  although  possessing  some  features  in  common 
with  lupus  vulgaris.  When  occurring  on  the  face,  the  usual  situation, 
it  appears  as  a  symmetrical  erythema,  which  has  been  likened  to  a 
butterfly  with  outstretched  wings.  It  begins  after  puberty  and  is 
attended  with  a  branny  desquamation,  the  scales  of  which  are  in- 
spissated sebum,  derived  from 
plugs  vhich  distend  the  orifices  of 
Ilie  sebaceous  glands.  Although 
ulcerauon  is  very  rare,  recovery 
is  attended  by  the  formation  of 
'bin  cricatricial  tissue.  The  re- 
inainiog  conditions  to  be  differ- 
tntiated  from  lupus  vulgaris  are 
lypkililic  ulceration,  epithelioma, 
tad  blastomycosis  (qv.). 

Treatment.— The  general 
health  should  be  attended  to, 
and  the  X-ray,  radium,  or  the 
Finsen  light  applied  locally.  If  radio-  or  phototherapy  cannot  be 
employed,  the  lesion  may  be  scarified,  excised,  or,  after  thorough 
ruretting,  cauterized  with  the  actual  cautery  or  chemical  caustics. 
^ilthelkmia  of  the  skin  occurs  as  a  superficial,  or  flat  form,  and  as 
i  deep-seated,  or  nodular  variety. 

Sopeifidal  epithelioma  develops  primarily  as  yellowish-red  or 
brownish  patches  scattered  over  the  surface,  or  as  a  secondary 
iffection  attacking  warts,  scars,  nevi,  fissures,  etc. 

Rodent  ulcer  is  a  peculiar  form  of  superficial  epithelioma,  almost 
in^'ariably  limited  to  the  upper  two-thirds  of  the  face  (Fig.  90).  It 
occurs  in  old  age,  and  begins  as  a  little  nodule  which  ulcerates.  The 
nker  is  round,  oval,  or  irregular,  with  indurated  everted  edges  and  a 
HDOoth,  glofisy,  pinkish  surface;  the  discharge  is  slight,  pain  is  absent 
■djuxot  lymph  glands  are  not  involved,  metastases  do  not  occur,  and 
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the  general  health  is  unimpaired  except  in  the  later  stages;  death 
results  from  hemorrhage  or  from  local  destruction  of  important 
organs.  The  disease  progresses  very  slowly,  sometimes  lasting 
thirty  or  forty  years,  and  occasionally  cicatrizes  in  spots,  the  scars 
later  breaking  down.  The  ulcer  advances  principally  along  the 
surface,  although  in  the  later  stages  it  extends  deeply  and  destroys 
every  thing  in  its  path,  including  the  bones.  The  disease  may 
originate  in  any  of  the  epidermal  structures. 

Deep-seated,  or  nodular  epithelioma,  may  follow  the  superficial 
form,  or  begin  primarily  as  a  nodular  growth  involving  the  whole 
skin  and  invading  the  subcutaneous  tissues.  Ulceration  occurs, 
producing  an  irregular,  offensive,  easily-bleeding  excavation,  with  an 
indurated  base;  pain  is  present  and  involvement  of  the  lymph 
glands  and  metastases  occur.  These  growths  occur  most  frequently 
on  the  scalp,  forehead,  lips,  tongue,  penis,  scrotum,  labia,  back  of 
the  hand,  and  in  cicatrices. 

Lenticular  carcinoma  is  best  seen  as  recurrences  in  the  neighbor- 
hood of  the  scar  following  amputation  of  the  breast;  it  is  alveolar  in 
structure,  and  appears  as  hard,  glistening,  reddish  or  brownish 
nodules,  which  subsequently  ulcerate,  invade  the  lymphatics,  and 
destroy  life. 

The  treatment  of  carcinoma  of  the  skin  is  early  and  thorough 
exci-sion,  with,  in  the  deep-seated  form,  the  adjacent  lymph  glands. 
Caustics  and  radiotherapy  should  never  be  employed  in  operable 
cases  of  deep-seated  epithelioma.  Superficial  epithelioma,  conspic- 
uously rodent  ulcer,  may  be  cured  by  the  X-ray,  radium,  or  the 
Finsen  light.  When  these  measures  cannot  be  carried  out,  cauteri- 
zation with  the  thermocautery,  or  by  means  of  caustic  pastes  con- 
taining potassium  hydrate,  chloride  of  zinc,  or  arsenic,  may  be  used. 

Precancerous  dermatoses  are  illustrated  by  Paget^s  disease  of  the 
nipple  (see  **Diseases  of  the  Breast");  by  the  soot-warts  which 
precede  chimney  sweeps'  cancer  of  the  scrotum;  by  the  ^ry,  thick- 
ened skin,  often  covered  with  an  acne-like  eruption,  which  precedes 
the  tar-and-paraffin  cancer  seen  on  the  hands  and  forearms  of  those 
who  work  in  coal-tar  and  paraffin ;  by  keratosis  senilis y  in  which  the 
epidermis  becomes  thickened,  horny,  and  discolored;  by  xeroderma 
pigmentosum,  which  begins  with  freckle-like  pigmentations  on  the 
face  and  hands;  and  by  the  roughened,  fissured,  glossy,  skin  follow- 
ing chronic  X-ray  burns.  The  areas  of  telangiectasis,  pigmentation, 
keratosis,  and  atrophy  resulting  from  hyper  sensitiveness  to  light,  and 
scars,  warts,  and  pigmented  moles  all  predispose  to  malignant  changes. 
De  Morgan 's  spots  are  bright  red  nevoid  spots  often  seen  on  the  chest 


SKIN   AND   CUTANEOUS   APPENDAGES  253 

and  abdomen  of  cancerous  subjects;  they  may,  however,  occur  in 
healthy  individuals.  In  this  connection  may  be  mentioned  the 
white  patches  (leukoplakia)  which  occur  on  the  mucous  membrane 
of  the  mouth,  and  which  are  often  followed  by  epithelioma. 

Sarcoma  may  arise  from  the  connective  tissue  of  the  skin  or  occur 
as  secondary  metastatic  nodules.  Moles  sometimes  form  a  starting 
point  for  the  melanotic  variety;  some  authorities,  however,  believe 
that  the  majority  of  the  pigmented  growths  resulting  from  moles 
are  carcinomatous.  Primary  sarcoma  may  be  single  or  multiple; 
secondary  sarcoma  is  always  multiple.  The  treatment  is  excision 
whenever  practicable;  in  the  melanotic  variety  the  neighboring 
l)inph  glands  also  should  be  removed.  Amputation  may  be  required. 
In  inoperable  cases  the  X-ray  and  Coley's  fluid  may  be  tried. 

Idiopathic  multiple  hemorrhagic  sarcoma  appears  first  on  the  hands 
and  feet  as  minute  reddish-brown  tumors,  which,  as  they  enlarge, 
become  bluish-red,  sometimes  resembling  angiomata.  The  growths 
are  sometimes  confluent  and  may  form  extensive  areas  of  infiltration; 
occasionally  some  of  them  atrophy,  leaving  deeply  pigmented  spots. 
The  pigmentation  is  due  to  hemorrhage.  The  disease  spreads 
A)wly  to  the  trunk  and  terminates  in  death,  no  treatment  being  of 
avail. 

Hycosis  fungoideSj  which  is  thought  to  be  sarcomatous  in  nature, 
^  characterized  by  the  development  of  an  urticarial  or  eczematoid 
fniption,  the  lesions  changing  to  reddish  or  bluish  tumors  and 
ultimately  undergoing  fungoid  ulceration.  No  treatment  has  any 
influence  on  the  disease,  which  is  always  fatal. 

Leukemic  tumors,  which  are  probably  sarcomatous,  may  be 
^dely  scattered  in   the  skin   in  leukemia  and  pseudo-leukemia. 

Keloid  is  a  hyperplasia  of  scar  tissue,  classified  as  a  fibroma.  It  is 
covered  with  glistening  epithelium,  is  pinkish  in  color  in  white  skin, 
freely  movable  over  the  subcutaneous  tissues,  and  frequently  extends 
into  the  surrounding  skin  by  claw-like  projections,  hence  the  term. 
The  surface  of  the  growth  may  be  flat,  tuberous,  or,  more  frequently, 

• 

irregularly  trabeculated  (Fig.  91).  Theoretically  a  distinction  is 
Diade  between  true,  or  spontaneous  keloid  (morphea),  which  does  not 
arise  from  a  scar,  and  false  keloid,  which  always  springs  from  a 
Qcatni.  The  belief  is  common  that  spontaneous  keloid  is  always 
preceded  by  a  minute  scar  which  has  escaped  detection.  Keloid 
^<curs  most  frequently  in  the  colored  race,  is  painless,  grows  slowly, 
^  occasionally  atrophies  in  old  age.  It  recurs  after  excision  but 
^^er  gives  rise  to  metastases.  The  best  treatment  is  radiotherapy. 
Elision  is  almost  useless,  even  when  followed  by  skin  grafting. 


I 
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Local  injections  of  thiosinamin,  electrolysis,  elastic  com; 
and  the  internal  administration  of  thryoid  extract  have  be 
with  occasional  success. 

A  sebaceous  cyst  is  due  to  occlusion  of  the  excretory  d 
sebacious  gland  by  dirt  or  inspissated  sebum.  It  is  rounded, 
firm  but  elastic,  freely  movable  on  the  deeper  parts  unless  h 
and  invariably  attached  to  the  skin  at  one  point.  The  orific 
obstructed  duct  can  often  be  seen,  and  occasionally  st 
matter  can  be  expressed  from  it.  These  cysts  may  be  found  v 
there  are  sebaceous  glands,  but  are  most  common  on  tl 
{wens).  They  may  reach  a  large  size,  are  often  multiple,  s 
become  inflamed  and  suppurate.  When  the  overlying  skin  u 
the  contents  putrefy  and  a  fetid  ulcer  results;  this  has  been  t 


for  epithelioma  iind,  indeed,  occasionally  undergoes  carcin 
degeneration.  Calcification  sometimes  occurs.  When  thi 
projects  from  the  orifice  of  the  duct,  it  may  dry  and  gradual 
by  addition  from  below,  a  sebaceous  horn.  TIte  treatment  is 
tion  after  incising  the  overlying  skin.  This  is  usually  ver> 
unless  adhesions  with  the  surrounding  parts  have  been  contr 
the  result  of  inflammatory  changes.  If  any  of  the  cyst  wall 
recurrence  is  apt  to  take  place.  Some  surgeons  transfix  t 
and  after  emptying  it.  seize  the  cyst  wall  with  hemostatic 
and  tear  it  out.  Horns  and  ulcerating  and  inflamed  cysts  si 
excised.  « 

Onychia  {ungual  vkillaw,  run-around)  is  an  inflammatio 
matrix  of  a  nail,  usually  begininng  at  one  side  {paronycttia) , 
quently  followed  by  suppuration  which  extends  beneath  anc 
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the  semilunar  fold  and  loosens  the  nail.  It  is  an  aflfection  to  which 
surgeons  and  nurses  are  peculiarly  liable,  particularly  when  run  down 
in  health.  The  treaimeni  is  removal  of  the  loosened  portion  of  the 
nail  and  disinfection  of  the  suppurating  focus,  together  with  atten- 
tion to  the  general  health. 

Onychia  maligna  is  a  chronic  fungating  inflammation  of  the 
matrix,  usually  of  syphilitic  or  tuberculous  origin.  The  treatment  is 
removal  of  the  nail,  antiseptic  fomentations,  and  attention  to  the 
underlying  diathesis. 

Onychauxis  is  hj-pertrophy  of  the  i\ails,  in  length,  breadth,  and 
thickness.  It  may  be  congenital,  and  sometimes  occurs  in  syphilis 
and  ichthyosis.  The  nails  are  often  furrowed  and  yellowish  or 
brownish.  Onychogryposis  (claw  nail)  is  most  frequently  seen  in 
later  life;  it  commonly  affects  the  great  toe,  and  is  frequently 
preceded  by  injury  or  neglect.  The  treatment  is  trimming  of  the 
naOi  with  strong  scissors  or  bone  forceps,  or  removal  of  the  entire 

nailt 

Imowimt  toe-nail  {onychocryptosis)  is  caused  by  narrow  shoes 
and  by  cutting  the  nail  at  the  corners  instead  of  straight  across. 
The  edge  of  the  nail,  usually  that  of  the  great  toe,  is  buried  in 
or  ulcerating  soft  parts  at  the  side  of  the  toe.  The  treat- 
m  the  early  stages  is  the  introduction  of  small  pieces  of  cotton 
or pue  beneath  the  overgrowing  soft  parts,  the  use  of  square-toed 
slMMi^and  trimming  the  nail  square  across;  adhesive  plaster  may  be 
so  amnged  as  to  press  the  skin  from  the  edge  of  the  nail.  In  the 
presence  of  ulceration  the  best  treatment  is  removal  of  a  wedge- 
-jhaped  piece  of  tissue,  consisting  of  the  affected  third  of  the  nail  and 
the  underl>'ing  matrix,  so  that  recurrence  cannot  take  place.  This 
may  be  done  under  local  anesthesia.  The  lips  of  the  wound  may  be 
approximated  with  sutures  placed  proximal  and  distal  to  the  nail. 

Plastic  SUlgeiy  in  its  broadest  sense  includes  all  operations  for  the 
correction  of  deformities,  the  filling  of  deficiencies,  and  the  removal  of 
redundant  tissue.  Plastic  operations  involving  other  tissues  than 
>tin.  mucous  membrane,  and  fat,  and  plastic  oi)erations  for  special 
•  onditions.  e.g.,  hare-lip,  hypospadias,  etc.,  are  dealt  with  in  other 
^lions  of  the  book.  It  may  be  stated  here,  however  that  in 
general  the  nearer  a  tissue  is  histologically  to  connective  tissue  and 
*htf  poorer  its  normal  blood  supply,  the  better  it  stands  transplanta- 

• 

^^^n.  thus  skin,  fat,  fascia,  tendons,  blood  vessels,  peritoneum, 
cartilage,  and  bone  can  be  completely  separated  from  the  body  and 
*fter  reimplantation  survive  or  be  replaced  by  identical  material. 
*hile  highly  developed  cells  like  those  of  parenchymatous  organs 
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and  the  nervous  system  usually  perish  quickly  from  a  sudden  failure 
of  nourishment. 

Plastic  operations  for  cutaneous  defects  depend  for  their  success 
upon  strict  asepsis  (antiseptics  devitalize  the  cells),  the  relief  of  all 
tension,  thorough  freshening  of  the  parts  to  be  united,  rigorous 
hemostasis  (blood  clot  interposes  a  barrier  to  healing),  gentle  hand- 
ling of  the  flaps  or  grafts,  as  few  sutures  as  possible  (so  placed  as  not 


Pig.  92. — Clostire  of  a  wound  by  stretching  its  margins. 

to  cut  off  the  blood  supply,  and  for  the  same  reason  tied  loosely); 
and  the  proper  selection  of  cases,  the  debilitated,  the  syphilitic,  and 
those  with  infected  wounds  are  unfit  for  such  operations. 

The  methods  for  filling  cutaneous  defects  are  (i)  stretching  or 
sliding  the  skin  about  the  defect.  (2)  transplantation  of  pedun- 
culated flaps,  (3)  free  transplantation  (skin  grafting). 


Pig.  93. — Relaxation  incisions. 

I.  Stretching  or  sliding  the  skin  after  it  has  been  undermine 
can  often  be  used  to  close  even  large  defects.  As  an  elliptical  woun 
is  generally  the  easiest  to  suture,  one  may  convert  into  this  type 
wound  of  any  other  shape  by  excising  a  portion  or  the  whole  of  ii 
margins.  An  oblong  wound  may  be  changed  into  a  rhomboid  b 
pulling  on  the  upper  right  and  the  lower  left  corners,  and  then  treate 

Ml  I  II 


Fig.  94. — Relaxation  incisions.  Fig.  95. — Retrenchment  by  V-shaped 

incision. 

like  an  elliptical  wound,  or  two  of  the  angles  may  be  sutured,  thi 
converting  it  into  a  triangular  wound,  which  is  then  coapted  i 
shown  in  Fig.  92. 

Relaxation  incisions  are  illustrated  in  Figs.  93,  94*  If  the  ski 
between  one  of  these  incisions  and  the  defect  is  undermined  a  doub 
pedunculated  flap  is  formed. 
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When  one  margin  of  the  wound  is  longer  than  the  other,  the  short- 
er margin  may  be  excised  by  a  curved  incision  equal  in  length  to  that 
of  the  longer  margin,  the  longer  margin  may  be  retrenched  by  excis- 
ing a  V-shaped  piece  from  either  or  both  ends  or  from  the  middle 
(fig-  95)'  or  the  sutures  may  be  inserted  at  greater  intervals  on  the 
long  side  than  on  the  short  side  of  the  wound. 

2.  A  pedunculated  flap  consisting  of  the  skin  and  the  subcutane- 
ous tissues  should,  in  order  to  provide  for  shrinkage,  be  from  one- 
sixth  to  one- third  larger  than  the  area  to  be  filled,  unless  the  area  is  to 
be  diminished  in  size  by  stretching  or  sliding  its  margins,  and  the 
length  of  the  flap  should  not  exceed  three  times  the  width  of  the 
pedicle,  unless  there  is  an  artery  in  the  pedicle.  If  the  pedicle 
must  be  twisted,  such  twisting  must  not  be  so  great  as  to  suppress  the 
blood  supply.  All  scar  tissue  should,  if  possible,  be  removed  from 
the  part  to  be  reconstructed,  so  as  to  provide  ample  nourishment  for 
the  flap.  Hairy  skin  should  not  be  used  where  it  would  be  unsightly, 
e.g.. on  a  woman 's  face,  or  cause  functional  trouble,  e.g.,  in  the  larynx 
or  the  bladder.  For  cosmetic  purposes,  and  for  the  comfort  of  the 
patient  during  the  treatment,  skin  from  the  immediate  neighborhood 
of  the  defect  is  to  be  preferred.  A  simple  flap  contains  only  skin  and 
subcutaneous  tissue,  a  compound  flap  includes  other  structures,  e.g., 
bone,  cartilage,  muscle.  Sometimes  cartilage,  usually  chondral,  is 
transplanted  beneath  the  skin  which  is  to  be  used  for  the  flap,  and 
after  from  four  to  six  weeks,  is  transferred  with  the  skin  to  the  part 
to  be  rebuilt.  The  wound  left  after  dissecting  up  a  flap  may  be 
closed  with  sutures  or  if  this  is  not  possible  covered  with  skin  grafts. 
IhuMe  faced  flaps f  i.e.,  with  epithelium  on  both  sides,  may  be  needed 
to  dose  a  defect  in  a  cavity  lined  with  mucous  membrane.  The  raw 
surface  of  the  flap  may  be  skin  grafted  before  or  after  its  transference 
'see  'Epidermic  Inlay*'  under  "Skin  Grafting,"  Fig.  109),  two  flaps 
may  be  employed,  the  raw  surfaces  being  apposed,  or  a  single  flap 
may  be  folded  longitudinally  or  laterally.  Pedunculated  flaps  may 
be  di\ided  also  into  (a)  those  in  which  the  pedicle  is  not  cut  and 

b;  those  in  which  it  is  cut. 

a.  WTien  the  cutaneous  p)edicle  is  not  cut  the  flap,  at  least  one 
j^de  of  the  pedicle,  must  be  made  from  the  margins  of  the  wound 
'Fig.  96  to  105).  ''Island  flaps"  are  those  completely  surrounded  by 
an  incision,  thepedicle  consisting  of  subcutaneous  tissue  only  (Esser). 
Monks  constructed  a  lower  lid  by  using  a  flap  from  the  forehead, 
*nto  which  ran  the  ao  tenor  temporal  artery.  He  dissected  out  the 
artery  with  its  veins,  and  passed  the  flap  through  a  subcutaneous 
tunnel  to  its  new  habitat,  leaving  the  vessels  under  the  skin.    Horsley 

17 
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used  a  similar  procedure  to  repair  a  cheek  defect,  implantii 
vessels  in  an  incision. 

b.  When  the  flap  is  taken  from  the  vicinity  of  the  defec 
the  pedicle  bridges  a  strip  of  skin,  or  when  the  flap  is  taken  1 
distant  part,  the  pedicle  is  cut  after  the  flap  has  secured  v£ 
connections  in  its  new  situation.  The  time  for  severing  the  ] 
varies  from  lo  days  to  three  weeks,  according  to  the  vascula 
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Pic.  96. 


Fig.  97. 


Fig.  98. 
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Fig.  99.] 
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Fig.   100. 

the  new  bed,  and  the  area  of  the  flap  apposed  to  the  raw  surf  a 
some  cases,  e.g.,  in  the  repair  of  the  lips,  only  the  edge  of  th 
may  be  in  contact  with  the  denuded  tissues.  Direct  transf( 
means  that  the  flap  is  sutured  at  once  in  the  position  it  is  to  o 
permanently.  Indirect  transference  may  be  performed  in  a 
ways.  An  abdominal  flap  may  be  sutured  to  the  hand,  then, 
it  has  grown  in  place,  the  abdominal  pedicle  is  cut  and  the  trans 
carried  to  the  face,  the  new  pedicle  attached  to  the  hand  being  sc 
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ifler  an  appropriate  interval.  A  flap  may  be  raised  from  the  chest 
the  tree  end  sutured  into  an  incision  at  a  higher  level,  then  after  a 
ioiuble  period  the  pedicle  cut  and  transferred  to  a  still  higher  level. 


Pic.  ioj. 

«  105. — SUdiQg  flaps,  pedicle  1 


'^proceeding,  or  "waltzing"  of  the  flap  (Halstead)  may,  be 
^I'^tel.  If  the  flap  describes  a  circle  in  its  migration  it  is  said  to 
""P  the  loop."    A  double  pedunculated  flap  from  the  neck  is 


26o  MANUAL    OF    SURGERY 

sometimes  used  for  the  chin;  from  the  abdomen,  for  the  hand,  the 
hand  being  slipped  beneath  the  strip  of  skin  (Fig.  io6).     The  appli- 
cation of  the  principles  outlined  above  is  illustrated  in  the  sections  on 
regional  surgery,  especially  those  dealing  with  the  nose  and  the  lips. 
3.  Skin  grafting  is  the  use  of  entirely  detached  portions  of  the 
skin  for  covering  raw  surfaces.     Autoplastic  grafts,  i.e.,  those  taken 
from  the  same  individual ,  are  the  most  successful.    Homoplastic  grafts, 
i.e.,  those  contributed  by  relatives  or  friends,  or  obtained  from  a 
recently  amputated  limb,  seldom  '*take/'  probably  because  the 
tissue  fluids  of  the  patient  have  a  cytolytic  effect  on  the  graft,  just  as 
the  blood  of  one  individual  may  cause  hemolysis  when  mixed  with 
that  of  another.     It  is  claimed  that  successful  homoplastics  grafts 
can  be  obtained  when  the  donor  and  recipient  belong  to  the  same 
blood  groups.     When  skin  is  transplanted  from  a  negro  to  a  white 
man  the  pigment  gradually  disappears  and  vice  versa.     Hetero- 


FiG.  106. — Double  pedunculated  flap.     (Binnie.) 

plastic  grafts,  i.e.,  those  taken  from  the  lower  animals,  almost  always 
become  necrotic. 

Wolf 's  method  (free  transplantation  of  skin)  consists  in  excising 
a  piece  of  skin  one-sixth  larger  than  the  area  to  be  filled,  removing  all 
fat  from  its  under  surface,  and  placing  it  in  the  defect,  from  which  all 
scar  tissue  should  have  been  removed,  and  in  which  the  graft  is  held 
by  the  pressure  of  the  dressings.  It  is  preferable  to  leave  the  fat  if, 
e.g.,  on  the  face,  an  indentation  is  to  be  filled.  Healing  is  complete 
in  from  three  to  five  weeks.  Hair  transplanted  with  the  graft 
usually  falls  out,  and  regenerates  irregularly,  and  the  graft  becomes 
whitish  or  yellowish.  Many  of  these  grafts  perish,  and  when  the 
dimensions  are  over  5  to  6  cm.  necrosis  is  almost  certain  to  occur. 
Thus  the  indications  for  the  Wolf  graft  are  restricted,  despite  its 
advantages,  as  compared  with  the  Thiersch  graft,  of  greater  resis- 
tance, less  shrinkage,  and  better  cosmetic  effect. 

Thiersch's  method  (free  transplantation  of  epidermis)  is  quicker 
(healing  occurs  in  one  or  two  weeks)  and  more  certain  than  the  Wolf 
method,  and  is  generally  used  for  fresh  or  granulating  surfaces.    It 
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should  not  be  employed  when  the  part,  e.g.,  the  palm  or  the  sole,  is  to 
be  subjected  to  pressure;  in  these  cases,  if  the  area  is  too  large  for  a 
Wolf  graft,  the  raw  surface  should  be  covered  with  a  pedunculated 
flap,  taken  for  example  from  the  abdomen  in  the  case  of  the  palm, 
from  the  other  leg  in  the  case  of  the  sole.  Epidermal  grafts  are  best 
taken  from  the  arm  or  thigh.  After  the  raw  surface  has  been  disin- 
Eected  no  antiseptic  should  be  used.  Exuberant  granulations  are 
removed  with  a  sharp  curette  or,  better,  with  a  razor,  which  causes 
less  injury  to  the  remaining  cells,  and  bleeding  stopped  by  pressure 
with  hot  pads.  The  parts  from  which  the  grafts  are  to  be  taken 
should  be  sterilized  and  then  washed  with  salt  solution.  The  skin  is 
stretched  by  pressure  with  the  hand,  and  a  long  strip  of  epidermis,  as 
thin  as  possible,  is  shaved  off  with  a  sharp  razor  (Fig.  107).  The 
gnit  lies  on  the  blade  of  the  razor  in  a  series  of  plaits  and  is  slid  onto 
the  raw  surface  by  hxing  one  end  of  the  graft  by  slight  pressure  and 
earning  the  razor  close  to  and  parallel  with  the  wound.  (Fig.  108.) 
-AH  air  bubbles  should  be  pressed  from  beneath  the  graft,  which  is 


Fic.  107.  Pro.  io8, 

Thierscti't  skin  srafting.     (Esmarcti  and  Kowalzig.) 

then  covered  with  strips  of  rubber  tissue  or  silver-foil,  and  dry  sterile 
gauze.  The  wound  may  be  entirely  covered  with  such  grafts.  The 
dressing  is  changed  at  the  end  of  a  week  unless  infection  occurs. 
Instead  of  the  dressing  just  described  we  splint  the  grafts  with  a 
^gle  layer  of  paraffined  gauze  fastened  at  the  margins  of  the  wound 
with  collodion  thus  securing  free  drainage  into  the  outer  dressings, 
preventing  maceration,  and  allowing  change  of  the  outer  dressing  and 
irrigation  with  salt  solution  if  the  discharge  be  copious. 

Epidermic  inlay  (Esser)  is  a  form  of  Thiersch  grafting  in  which 
the  grafts  are  buried.  A  pocket,  made  beneath  the  skin  or  mucous 
membrane,  is  filled  with  heated  dental  comfiound.  which  after  harden- 
ing is  removed  and  covered  with  Thiersch  grafts,  raw  surfaces  out- 
ward. The  cast  is  then  replaced  in  the  pocket  and  the  wound 
sutured.  Two  or  three  weeks  later  the  wound  is  reopened  and  the 
cast  removed.  The  method  can  be  employed  to  skin  graft  the  mouth, 
to  create  a  socket  for  an  artificial  eye,  and  to  obtain  a  flap  faced  on 
each  &ide  with  epidermis.    (Fig.  109.) 
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Reverdin's  method  is  performed  by  lifting  a  small  portion  of 
skin  with  a  needle  and  removing  it  with  curved  scissors.  The  u] 
layer  of  the  cutis  vera  should  be  included.    A  number  of  these  gi 


Pig.  109. — Epidemic  inlay  o£  Esser  (Dorrance). 


are  placed  on  the  granulations,  raw  surf  ace  downwards,  and  the  w< 
dressed  as  in  the  Tiersch  method.  These  grafts  at  first  appan 
disappear  owing  to  disintegration  of  the  epidermis,  but  later  appe; 
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bluish  white  spots,  from  which  the  epithelial  growth  proceeds  in  all 
directions. 

Mangoldt's  method  consists  in  "scraping  the  sterilized  skin  with  a 
razor,  down  to  the  papillary  layer,  and  spreading  the  mixture  of 
epithelial  cells  and  blood  thus  obtained  upon  a  clean,  bloodless,  non- 
granulating  wound. " 

Mucous  membrane  from  man  or  animals  has  been  sucessfuUy 
transplanted,  and  skin  has  been  used  to  take  the  place  of  mucous 
membrane.  When  flaps  are  used  for  the  latter  purpose,  the  skin 
should  be  hairless. 

Free  transplantation  of  fat  is  followed  by  partial  (when  auto- 
plastic) or  complete  degeneration  (when  homoplastic)  of  the  trans- 
plant, the  degenerated  cells  being  replaced  by  new  cells  which  spring 
from  the  old  fat  cells  or  from  the  accompanying  connective  tissue. 
As  the  transplant  shrinks  to  some  extent  it  should  be  cut  a  little 
larger  than  seems  necessary,  and  it  should  not  be  placed  immediately 
under  a  suture  line.  Fat  transplantation  has  proved  of  value  for 
filling  cavities,  e.g.,  in  the  face  after  fracture  of  the  zygoma,  in  the 
breast  after  the  excision  of  benign  tumors,  in  bone  after  the  removal 
of  necrotic  or  carious  areas,  in  the  orbit  after  enucleation  of  the  eye; 
for  the  prevention  of  adhesions,  e.g.,  between  joint  surface  (arthro- 
plasty), around  nerves  and  tendons,  between  the  brain  and  overlying 
structures;  for  the  control  of  bleeding  from  parenchymatous  organs, 
the  fat,  being  used  as  a  tampon,  is  sutured  in  place;  and,  when 
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inserted  between  the  pleura  and  the  chest  wall,  for  producing  com- 
pression in  the  treatment  of  bronchiectasis  and  pulmonary  tubercu- 
losis. 

In  subcutaneous  emphysema  the  air  or  gas  is  (i)  generated  in  the 
tissues  or  comes  from  (2)  without  or  (3)  within  the  body. 

1.  Aerogenic  bacteria  are  responsible  for  the  emphysema  in  gas 
gangrene  (q.v.),  which  is  distinguished  by  sloughing  and  general  sep- 
tic s)Tnptoms. 

2.  Air  may  be  injected  beneath  the  skin  with  a  syringe  or  an 
aspirator,  or  drawn  into  a  wound,  e.g.,  in  the  axilla  or  the  base  of 
the  neck  by  the  action  of  the  respiratory  muscles,  and  fail  to  escape 
owing  to  the  valvular  nature  of  the  wound.  Air  that  is  left  in  a 
^^ity  or  a  wound  at  the  conclusion  of  an  operation  is  occasionally 
lorced  into  the  subcutaneous  tissues  during  subsequent  straining 
efforts. 

3-  One  of  the  air  containing  sinuses  of  the  head,  or  a  portion  of 
^  respiratory  apparatus  or  alimentary  canal,  may,  as  the  result  of 
tsetse  or  injury,  communicate  with  the  subdermal  cellular  tissue. 
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Of  special  interest  are  emphysema  of  the  chest  and  emphysema  of  the 
mediastinum,  which  are  discussed  in  chapter  xxiv. 

The  symptoms  in  groups  two  and  three,  aside  from  those  of  the 
condition  with  which  the  emphysema  is  associated,  are  seldom  alarm- 
ing. The  area  involved  is  usually  small,  but  may  be  so  extensive  as 
to  cover  almost  the  entire  body,  the  patient  has  the  appearance  of 
one  with  advanced  dropsy.  The  swelling  is  puffy  looking,  painless, 
soft,  elastic,  tympanitic,  and  crepitates  on  pressure  and  auscultation. 
The  air  may  be  displaced  by  the  finger,  but  there  is  no  pitting  as  in 
edema.  The  puffiness  can  sometimes  be  increased  by  raising  the 
pressure  in  the  cavity  from  which  the  air  is  derived,  e.g.,  by  having  a 
patient  with  fracture  of  the  nasal  bones  blow  the  nose.  The  diagnosis 
of  crepitus  is  given  in  the  section  on  "Palpation,"  chapter. 

The  treatment  in  groups  two  and  three  is  that  of  the  causative 
lesion.  The  air  is  slowly  absorbed  and  rarely  demands  multiple 
pimctures  or  aspiration  for  its  liberation.  Suppuraton,  which  would 
require  incision,  is  very  unusual  from  the  presence  of  air  alone. 


CHAPTER  XV 


VASCULAR  SYSTEM 


In  the  present  chapter  we  have  freely  used  the  article  by  LeConte 
and  the  author,  in  the  "American  Practice  of  Surgery,"  on  the 
"Surgerv*  of  the  Heart  and  Blood  Vessels/'  to  which  the  reader  is 
refened  for  an  extended  discussion  of  the  subjects  herein  treated. 

THROMBOSIS 

Thrombosis  is  the  formation  of  a  clot  (thrombus)  within  the 
circulatory  apparatus  during  life. 

The  causes  in  the  order  of  their  importance  are,  (i)  changes  in  the 
vessel  walls,   the   result   of   inflammation,   necrosis,   degeneration, 
neoplastic  infiltration,  or  trauma;  (2)  changes  in  the  blood,  the  result 
of  toxemia  or  anemia;  (3)  changes  in  the  blood  current,   resulting 
in  retardation,  e.g.,  from  diminution  in  the  calibre  of  the  vessels, 
cardiac  weakness,  or  prolonged  maintenance  of  the  horizontal  posi- 
tion, or  resulting  in  the  production  of  eddies,  e.g.,  when  the  blood 
flows  into  an  aneurysm  or  a  varix.     As  coagulation  of  blood  depends 
upon  the  presence  of  fibrin  ferment,  which  causes  the  fibrinogen  and 
the  calcium  salts  of  the  plasma  to  unite  and  form  fibrin,  and  as  fibrin 
fennent  is  liberated  by  diseased  or  injured  endothelial  or  blood  cells, 
slowing  of  the  circulation  alone,  without  either  of  the  other  factors, 
rfl  not  cause  thrombosis,  indeed,  a  vessel  may  be  ligated  at  two 
points  without  coagulation  taking  place  for  a  long  time  between  the 
ligatures.    As  a  matter  of  fact,  one  of  the  other  factors  is  almost 
always  present;  thus,  slowing  of  the  blood  current  is  in  itself  capable 
of  inducing  nutritive  changes  in  the  vessel  walls,  and  in  the  enfeebled 
circulation  attending  fevers  there  is  toxemia  and  often  degenerative 
alternations  in  the  vascular  tunics. 

The  nature  of  the  tbrombus  depends  upon  whether  it  is  formed 
slowly  from  a  moving  current  of  blood  (white  thrombus)  or  is  the  result 
of  complete  stasis  {red  thrombus).  The  white  thrombus  is  composed 
of  gradually  deposited  white  corpuscles  and  fibrin ;  when  a  consider- 
able number  of  red  corpuscles  enter  into  its  formation  it  is  called  a 
mixei  ikrombus.  The  clot  which  is  first  formed  (primary,  or  auto- 
clUhmos  ikrombus)  usually  begins  as  a  parietal  mural  thrombus^ 
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which  gradually  enlarges  until  it  fills  the  lumen  of  the  vessel  (occlud- 
ing, or  obturating  thrombus).  It  may  then  by  subsequent  additions 
(induced  thrombui)  become  a  continued,  or  propagating  thrombus, 
usually  extending  in  the  direction  of  the  blood  current.  The  term 
secondary  is  applied  to  induced  thrombi  and  to  those  forming  about 
an  embolus.  A  thrombus  is  generally  adherent  to  the  vessel  walls 
and  its  advancing  end  conical.  The  end.  e.g.,  when  it  projects  into  a 
collateral  vessel,  may  be  washed  away  as  an  embolus  (Fig.  no),  or 
the  entire  thrombus  may  loosen  and  float  into  the  blood  stream. 
The  terms  infective  and  aseptic,  or  bland,  refer  to  the  presence  or 
absence  of  bacteria. 

The  changes  which  a  thrombus  may  imdergo  are  (a)  organizaiion 
i.e.,  the  clot  is  replaced  by  fibrous  tissue  as  in 
repair  elsewhere;  (b)  canalizatipn  as  the  result 
of  incomplete  organization,  thus  re-establishing 
the  circulation;  (c)  calcification,  forming  in  the 
veins  phleboliths  and  in  the  arteries  arterioUths; 
and  (d)  liquefaction  or  softening  the  result  of 
aseptic  degeneration  (simple  softening)  or  sup- 
puration (septic  softening),  causing  embohsm 
,and  in  septic  softening  pyemia. 
_  Localizatioii  of  Thrombt — Cardiac  thrombi 

Thrombus.  B.  Em-  are  of  no  practical  impiortance  to  the  surgeon. 
d«achmyntof?hi?.!3  Arterial  thrombi  are  most  frequent  in  the  lower 
of  the  thrombus  which  extremity  as  the  result  of  injury,  endarteritis,  or 
larger  vesspi.  Arrow  the  impaction  of  an  embolus  (see  "Gangrene 
bi^'ltrea^"°"  "^  *"''  EmboUsm").  Venous  thrombi  are  much 
more  common  than  the  other  varieties,  because 
of  the  comparatively  sluggish  circulation  in  the  veins,  the  presence  of 
valves,  and  the  composition  of  venous  blood,  especially  the  increased 
amount  of  COj.  Venous  thrombosis,  unlike  that  occurring  in  the 
arteries,  usually  attacks  the  veins  on  the  left  side  of  the  body.  The 
left  lower  limb  is  the  favorite  site,  owing  to  the  greater  length  and 
obliquity  of  the  Jef t  common  iliac  vein,  which  is  crossed  by  the  right 
common  iliac  and  the  left  internal  iliac  arteries,  and  which  may  be 
pressed  upon  also  by  a  loaded  rectum.  Capillary  thrombi  are  gen- 
erally due  to  local  conditions,  such  as  injuries,  severe  inflammations, 
etc. ;  when  the  larger  vessels  are  blocked,  the  capillaries  remain  patent 
unless  gangrene  follows. 

The  results  of  thrombosis  depend  upon  the  location  and  the 
extent  of  the  thrombus,  the  rapidity  with  which  it  is  formed,  and  the 
condition  of  the  collateral  vessels.     Apart  from  the  constitutional 
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symptoms,  which  vary  according  to  whether  the  thrombus  is 
septic  or  aseptic,  and  the  liability  to  embolism,  the  phenomena 
are  mainly  those  of  obstruction  to  the  blood  stream,  the  symptoms 
and  treatment  of  which  are  given  in  the  sections  on  **  Embolism,'" 
"Contusions  of  Arteries,'*  and  "Phlebitis/'  Thrombotic  gangrene 
is  discussed  under  "Gangrene,"  post-operative  thrombosis  under 
'Thlebitis/' 

EMBOLISM 

Embolism  is  the  sudden  blocking  of  a  blood  vessel  by  a  foreign 
body  (embolus)  which  has  been  brought  by  the  blood  stream  from 
some  more  or  less  distant  part.  Emboli  are  usually  detached  por- 
tions of  thrombi,  but  they  may  be  vegetations  from  the  valves  of  the 
heart,  detached^  atheromatous  plates,  fat  globules,  air  bubbles, 
portions  of  tumors,  cells  from  some  of  the  normal  structures  of  the 
body,  masses  of  bacteria,  or  parasites,  such  as  the  scolices  of  the 
echinococcus  and  the  filaria  sanguinis  hominis.  Various  forms  of 
dust  when  inhaled,  and  particles  of  paraffin  and  insoluble  prepara- 
tions of  mercury  when  injected  subcutaneously,  may  float  off  into  the 
blood  stream  as  emboli. 

The  site  of  impaction  of  an  embolus  depends  on  its  origin. 
Those  arising  in  the  area  drained  by  the  portal  vein  lodge  in  the  liver; 
those  arising  in  the  general  venous  circulation  pass  through  the  right 
heart  and  lodge  in  the  limgs;  and  those  from  the  left  heart  or  aorta 
may  lodge  in  any  portion  of  the  body.  Rarely  an  embolus 
originating  in  a  vein  finds  its  way  into  the  arterial  circulation  through 
a  patent  foramen  ovale  (crossed,  or  paradoxical  embolism)  and  still 
more  rarely  is  it  transported  in  a  direction  opposite  to  that  of  the 
blood  stream  (retrograde  embolism).  An  embolus  usually  lodges  at 
the  point  where  a  vessel  suddenly  diminishes  in  size,  e.g.,  where  a 
large  branch  is  given  off  or  where  bifurcation  takes  place. 

The  effects  of  embolism,  which  depend  upon  the  size,  seat,  and 

nature  of  the  embolus,  and  the  condition  of  the  collateral  circulation, 

may  be  studied  under  two  headings:  (i)  At  the  seat  of  impaction  an 

embolus  induces  secondary  thrombosis,  and  the  mass  may  undergo 

the  changes  already  described  under  *'  Thrombus.''     Non-absorbable 

foreign  bodies,  if  minute,  may  be  transported  by  the  leukocytes  to  the 

liver,  spleen,  or  bone  marrow;  larger  foreign  bodies  are  encapsulated 

with  fibrous  tissue.    Animal  parasites  perish  and  are  absorbed  or 

encapsulated,  or  penetrate  the  vessel  wall  and  develop  in  the  sur- 

iDttuding  tissues.    Tumor  cells  may  proliferate  and  give  rise  to 

metastatic  growths.     Bacteria  may  produce  changes  identical  with 
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those  at  the  original  point  of  infection.     Embolic  aneurysms  are 
thought  to  be  caused  by  a  softening  of  the  vessel  wall,  the  result  of 
bacterial  activity  (see  ''Aneurysm").     (2)  The  parts  supplied  by  an 
embolized  artery  become  anemic,  but  if  there  is  an  efficient  collateral 
circulation  the  anemia  may  disappear  and  no  harm  result.    If  an 
embolus  blocks  a  terminal  artery  (i.e.,  one  having  no  collateral 
anastomoses,  except  capillary,  with  adjacent  arteries,  such  as  occur 
in  the  brain,  retina,  spleen,  kidney,  and  lung)  or  one  with  a  poor 
collateral  circulation,  the  part  beyond  becomes  gangrenous;  in  the 
viscera  this  area  is  called  an  infarct,  and  is  wedge-shaped  with  the 
base  towards  the  periphery  of  the  organ.     The  infarct  may  remain 
bloodless  (white y  or  anemic  infarct)  ^  or  become  infiltrated  with  blood 
(redy  or  hemorrhagic  infarct),  which  comes  from  adjacent  capillaries 
and  passes  through  the  altered  vessel  walls  of  the  part.     In  either  case 
subsequent  organization  occurs  and  the  area  remains  as  a  scar,  which 
may  be  pigmented  in  the  hemorrhagic  infarct,  or  calcified  especially 
in  the  lungs;  occasionally  infarcts  in  the  brain  form  cysts.     If  the 
embolus  is  septic  the  infarct  undergoes  moist  septic  gangrene  or 
forms  an  abscess  (metastatic  abscess). 

The  symptoms  of  embolism  are  sudden  severe  pain  at  the  point  of 
impaction  or  in  the  ischemic  area;  absence  of  pulsation ,  which  may  be 
detected  in  obstruction  not  only  of  superficial  arteries  but  also  of  any 
artery  having  superficial  branches;  hardening  of  the  vessel  at  the  site  of 
the  embolus;  increase,  after  a  time,  in  the  number  and  size  of  the 
collateral  vessels;  rise  in  the  general  blood  pressure  at  the  time  of 
occulsion  of  a  large  artery  (causing,  if  the  abdominal  aorta  is  affected, 
acute  dilatation  of  the  heart,  edema  of  the  lungs,  bloody  stools,  etc.), 
gradually  diminishing  with  the  establishment  of  the  collateral  circu- 
lation; and  in  the  ischemic  area  pallor,  fall  of  temperature,  hypesthesia, 
and  paresis,  followed,  in  the  event  of  gangrene,  by  the  discoloration 
of  gangrene,  anesthesia,  and  paralysis.  Hemorrhage,  as  a  manifesta- 
tion of  infarction,  may  show  itself  externally  when  the  lung  (hemo- 
ptysis), kidney  (hematuria),  or  bowel  (bloody  stools)  is  affected. 
The  remaining  symptoms  of  infarction  are  impairment  or  abolition 
of  the  special  functions  of  the  organ  affected.  Pulmonary  embolism 
is  discussed  below,  mesenteric  embolism  in  chap,  xxvii;  for  the  details 
of  infarction  of  other  viscera  the  student  is  referred  to  a  text-book  on 
internal  medicine. 

Diagnosis  between  Embolism  and  Thrombasis. — The  onsel  is 
sudden  in  embolism,  gradual  in  thrombosis.  It  may,  however,  be 
slow  in  the  former  if  the  embolus  does  not  at  once  completely  occlude 
the  artery,  and  abrupt  in  the  latter  if  the  thrombus  fonns  rapidly. 
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The  duration  of  the  symptoms  may  be  brief  in  embolism,  because  the 
collateral  vessels  promptly  dilate.  When  an  artery  is  slowly  oc- 
cluded the  collateral  vessels  progressively  enlarge,  so  that  by  the 
time  the  blood  stream  is  completely  arrested,  they  are  incapable 
of  the  further  dilatation  required  to  nourish  the  affected  part,  hence 
the  symptonas  are  permanent  or  of  long  duration.  If,  therefore,  the 
collateral  vessels  are  enlarged  at  the  onset  the  condition  is  probably 
thrombosis.  The  finding  of  the  causative  lesion  may  be  difficult  or 
impossible.  Embolism  is  so  much  more  frequent  in  arteries  that, 
in  the  absence  of  a  definite  cause  for  thrombosis,  the  condition  is 
generally  regarded  as  embolism,  even  when  the  source  of  the  embolus 
cannot  be  discovered. 

The  treatment  is  first  prevention  (see  *' Pulmonary  Embolism'')- 
The  measures  to  be  taken  to  prevent  gangrene  in  embolism  of  the 
arteries  of  the  extremities  are  identical  with  those  mentioned  under 
** Senile  Gangrene."  Removal  of  an  embolus  in  an  accessible  region 
is  possible.  The  treatment  of  emboUc  gangrene  and  of  mesenteric 
embolism  is  given  in  the  sections  deaUng  with  these  subjects.  The 
treatment  of  other  forms  of  visceral  infarctipn  belongs  to  the  phy- 
sidan,  if  we  except  the  incision  of  secondary  abscesses,  and  the 
excision  of  destroyed  organs,  e.g.,  spleen  and  kidney. 

Puhnonaiy  embolism  may  follow  thrombosis  due  to  disease  or 
injury  (see  "Thrombosis"  and  "Phlebitis");  labor,  owing  to  the 
increased  coagulability  of  the  blood,  the  trauma  of  childbirth,  the 
wide  veins  of  the  uterus,  and  the  contractions  of  the  uterus; 
the  injection  of  coagulating  fluids  into  venous  tumors,  of  paraffin  for 
cosmetic  purp)oses,  and  of  mercury  in  syphilis;  and  certain  operations 
'see  "Postoperative  Phlebitis"). 

The  symptoms,  excluding  infective  emboli,  which  give  rise  to 
septic  processes,  depend  upon  the  size  of  the  embolus  and  the  condi- 
tion of  the  pulmonary  circulation,  i.  Minute  emboli  give  no  symp- 
toms. 2.  Emboli  large  enough  to  block  a  medium  sized  branch  of 
the  pulmonary  artery  may  be  followed  by  trifling  symptoms,  owing 
to  the  nimiber  and  large  size  of  the  capillaries  which  supply  the 
affected  area.  If,  however,  the  pulmonary  circulation  is  sluggish, 
hemorrhagic  infarction  may  occur,  the  symptoms  being  those  of 
pleuropneumonia.  Bloody  expectoration  may  be  absent  and 
necrosis  df  the  infarct  does  not  necessarily  follow.  Many  cases  of 
pleurisy  and  mild  pneumonia,  appearing  within  a  few  days  or  a  week 
after  operation,  are  in  reality  due  to  emboUsm.  3.  A  large  embolus 
occluding  the  pulmonary  artery  or  one  of  its  main  branches  causes 
death  within  a  few  minutes.     If  the  vessel  is  not  completely  blocked 
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life  may  be  prolonged  for  hours,  or  recovery  may  follow.     In  these 
cases  the  patient  suddenly  complains  of  severe  pain  about  the  heart 
and  dyspnea;  the  respirations  are  rapid,  the  face  cyanotic,  the  eyes 
protruding,  the  pupils  dilated,  the  cervical  veins  swollen,  and  the 
pulse  quick,  weak,  and  perhaps  irregular.     In  other  cases  there  is 
delirium,  coma,  or  convulsions.     At  the  onset  examination  of  the 
chest  may  reveal  nothing  abnormal;  later,  signs  of  edema  of  the  lungs 
appear.     Excluding  injuries  to  the  major  veins,  emboli  sufficiently 
large  to  block  the  main  pulmonary  vessels  rarely  occur  before  the 
second  or  third  week  of  phlebitis  or  after  the  sixth  week.     The  acci- 
dent often  follows  some  movement,  particularly  sitting  up  in  bed, 
which  necessitates  acute  flexion  of  the  groin,  thrombosis  being  most 
frequent  in  the  left  femoral  vein.     The  prophylactic  treatment  is 
that  of  phlebitis.     Embolic  pneumonia  is  managed  like  ordinary 
pneumonia.     In  occlusion  of  the  pulmonary  artery  or  one  of  its  large 
branches,  if  the  patient  lives  long  enough,  cardiac  stimulants,  oxygen, 
and  perhaps  bleeding  may  be  employed.     Trendelenburg  suggests 
thoracotomy,  incision  of  the  pulmonary  artery,  and  extraction  of  the 
embolus;*  this  has  been  attempted  in  several  cases,  without,  however, 
a  single  recovery. 

Air  embolism  may  occur  during  the  administration  of  an  intra- 
uterine douche  after  labor,  transfusion  of  blood,  intravenous  infu- 
sion, and  especially  during  operations  at  the  base  of  the  neck  when 
the  veins  are  gaping  from  pathological  change,  anatomical  disposi- 
tion, or  the  result  of  traction.  The  amount  of  air  which  might  be 
introduced  into  a  vein  by  the  ordinary  hypodermic  syringe  would 
probably  be  insufficient  to  cause  serious  trouble.  It  is  necessary 
that  a  large  amount  of  air  be  introduced  suddenly. 

The  symptoms  are  a  gurgling  sound  due  to  the  sucking  of  air  into 
the  vein,  extreme  pallor  or  lividity  of  the  face,  marked  acceleration 
and  then  cessation  of  the  pulse  and  respirations,  and  occasionally 
a  gurgling  sound  over  the  heart.  There  may  be  convulsions  preceding 
death,  which  usually  takes  place  within  a  few  minutes,  although  it 
may  be  p>ostponcd  for  several  hours  or  even  days.  The  cause  of  these 
symptoms  is  overdistention  of  the  right  heart  and  the  pulmonary 
vessels  with  air,  and  air  embolism  of  the  coronary  and  cerebral 
arteries. 

The  treatment  is  immediate  pressure  on  the  wounded  vein  to  pre- 
vent the  further  entrance  of  air.  Blood  may  be  withdrawn  from  a 
vein  of  the  arm  to  relieve  the  distention  of  the  heart,  cardiac  stimu- 
lants given  subcutaneously,  and  artificial  respiration  performed. 
Puncture  of  the  right  auricle  ii\-ith  an  aspirating  needle  has  been 
proposed. 
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Fat  embolisnii  according  to  some  authors,  may,  despite  the  ob- 
stacle presented  by  the  lymph  glands,  be  the  result  of  lymphatic 
absorption  alone,  but  most,  while  conceding  that  lipemia  may  thus 
arise,  believe  that  in  fat  embolism  the  fat  usually  enters  the  blood 
stream  solely  or  principally  through  the  open  ends  of  veins.  The 
condition  may  follow  injuries  of  fatty  tissue  in  any  part  of  the  body, 
but  is  most  frequent  after  fractures  of  long  bones,  because  of  the 
abundant  liquid  fat  in  the  medulla  of  these  bones,  because  the 
injured  osseous  veins  remain  gaping,  because  of  the  great  pressure 
exerted  by  extravasated  blood  and  inflammatory  exudate  confined 
to  a  bony  canal,  and  because  of  the  motion  to  which  a  broken  bone  is 
subjected  during  transportation,  diagnosis,  and  reduction.  Next  in 
etiologic  frequency  ranks  the  forcible  bloodless  correction  of  de- 
formities, especially  of  the  knee,  during  which  the  spongy  epiphyses 
are  violently  compressed  and  perhaps  crushed.  Fat  emboUsm  is 
rare  in  infancy  and  old  age,  owing  to  the  small  quantity  of  adipose 
tissue  in  the  medulla  at  these  periods.  As  with  air,  it  is  probable 
that  a  large  quantity  of  fat  must  be  introduced  into  the  circulation 
in  a  short  time  in  order  to  produce  serious  symptoms;  indeed,  a  small 
quantity  of  fat  is  normally  present  in  the  blood. 

The  symptoms  are  similar  to  those  produced  by  other  forms  of 
emboli.  The  fat  is  washed  through  the  right  heart  to  the  lungs, 
where  it  fills  the  vessels,  producing  sudden  death;  or,  if  the  quantity 
be  smaller,  severe  pain,  dyspnea,  rapid  pulse,  hurried,  shallow  res- 
pirations, cyanosis,  and  sometimes  hemoptysis.  At  the  onset  the 
temperature  is  apt  to  be  subnormal,  later  it  ascends.  The  physical 
signs  are  at  first  indefinite;  there  may  be  a  normal  percussion  note, 
restriction  of  the  respiratory  excursion,  and  coarse  rales;  if  the 
patient  survives,  signs  of  consolidation  often  appear.  If  the  oil 
^bules  are  forced  through  the  pulmonary  capillaries,  there  may  be 
fat  in  the  urine  or  total  supression  of  urine,  and  symptoms  of  em- 
bolism of  the  brain  (convulsions,  paralysis,  coma,  etc.).  In  the 
pulmonary  form  the  symptoms  may  appear  in  from  one  to  several 
hours  after  the  trauma;  in  the  cerebral  form  the  onset  may  be  delayed 
for  a  day  or  two.  This  free  interval  serves,  in  differential  diagnosis, 
to  exclude  shock  and  concussion  of  the  brain,  both  of  which  immedi- 
ately follow  an  injury.  The  relatively  brief  duration  of  the  free 
inter\'al  distinguishes  fat  embolism  from  clot  embolism,  which  is 
usually  postponed  for  a  week  or  longer  after  an  operation  or  injury. 
In  the  cerebral  form,  however,  this  free  interval  has  been  misinter- 
preted, and  the  patient  trephined  for  intracranial  hemorrhage,  a 
condition  that  may  be  recognized  by  the  symptoms  of  compression 
of  the  brain. 
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In  order  to  prevent  fat  embolism,  injured  fatty  tissues  should  be 
kept  at  rest,  and  if  there  is  much  tension,  resulting  from  theaccumula- 
tion  of  wound  fluids,  stitches  should  be  removed  or  incisions  made. 
In  dealing  with  ankylosis  of  large  joints,  particularly  if  the  X-ray 
shows  marked  osseous  atrophy,  gradual  correction  or  arthroplast)* 
may  be  safer,  at  least  so  far  as  fat  embolism  is  concerned,  than 
forcible   bloodless  correction,   which  is  particularly  dangerous  if 
several  large  joints  are  attacked  at  the  same  time.     Reiner  suggests 
that  before  removing  the  Esmarch  band  at  the  completion  of  an 
orthopedic  operation,  a  cannula  be  introduced  through  the  saphenous 
vein  into  the  femoral  vein,  in  order  to  allow  any  fat  that  may  have 
entered  the  vein  to  escape.     The  treatment  of  the  condition  itself, 
in  the  acute  cases,  is  external  heat,  cardiac  stimulants,  and  artificial 
respiration.     The  wound  should  always  be  opened  to  prevent  the 
fresh  entrance  of  fat  into  the  circulation.     The  later  treatment  is 
that  of  the  complications.     In  a  case  of  fat  embolism  following  a 
fracture  of  the  radius  Willms,  who  accepts  the  lymphatic  theory  of 
fat  absorption,  created  a  temporary  fistula  of  the  thoracic  duct  in 
the  neck.     The  patient  recovered. 

THE  HEART  AND  PERICARDIUM 

Overdistention  of  the  heart  with  blood,  the  result  of  acute 
pulmonary  affections,  or  with  air  from  air  embolism,  has  been 
treated  by  tapping  the  cavity  of  the  heart.  As  the  right  auricle 
suffers  most  from  this  overdistention  owing  to  the  thinness  of  its 
walls,  it  is  selected  for  puncture  (paracentesis  auriculi).  The  needle 
may  be  introduced  in  the  third  intercostal  space  at  the  right  edge 
of  the  sternum  and  pushed  directly  backwards.  It  traverses  the 
anterior  edge  of  the  right  lung  and  the  pericardium  before  reaching 
the  auricle.  The  operation  is  attended  with  the  danger  of  a  fatal 
hemorrhage  and  should  rarely,  if  ever,  be  performed. 

Wounds  of  the  heart  may  be  produced  by  penetration  from 
without,  e.g.,  by  gunshot  or  stab  wounds,  fractured  ribs,  or  by  foreign 
bodies  from  the  esophagus,  stomach,  or  bronchus.  The  heart 
may  burst  as  the  result  of  blunt  force  to  the  thorax  or  epigastrium 
and  it  may  rupture  spontaneously  (disease  of  the  myocardium  or 
coronary  artery,  neoplasms,  gummata,  echinococci,  abscess, 
aneurysm,  etc.). 

Symptoms. —  Insianlafieous  death,  which  probably  results  from 
injury  to  the  nervous  mechanism  of  the  heart,  is  very  rare,  and 
more  apt  to  follow  a  severe  blow  over  the  heart  or  epigastrium  than 
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a  penetrating   wound    (so-called    concussion    of  the   heart).     The 
smptoms  in  a  case  not  immediately  fatal  are  those  of  acute  anemia 
or  of  compression  of  the  heart,  depending  upon  whether  the  blood 
escapes  into  the  pleural  cavity  or  externally,  or  upon  its  retention 
in  the  pericardium.    Occasionally  the  patient  may  walk  or  even 
nm  for  a  considerable  distance  before  falling  to  the  ground.     When 
the  blood  escapes  into  the  pleural  cavity  (the  pleura  is  injured  in 
over  90  per  cent,  of  the  cases)  there  will  be,  in  addition  to  the  symp- 
toms of  acute  anemia  (see  "Hemorrhage")?  the  signs  of  a  pneumo- 
hcmo-thorax.     Palpation  may  detect  the  apex  beat.     A  whizzing 
sound  due  to  the  presence  of  air  in  the  pericardium,  a  friction 
sound,  or  a  bruit  not  unlike  that  heard  over  an  aneurysm  may  be 
heard.    If  the  blood  escapes  externally  it  may  do  so  in  jets,  but 
a  continuous  stream  accentuated  by  coughing,  movements  of  the 
patient,  and  similar  efforts,  is  more  common.     When  the  blood  is 
confined  to  the  pericardium  the  phenomena  are  those  of  compression 
of  the  heart.     The  pulse  is  slow,  irregular  and  feeble,  or  absent,  the 
apex  beat  imperceptible,  the  breathing  hurried  and  superficial,  the 
face  cyanotic,  the  cervical  veins  dilated,  and  the  patient  uncon- 
sdous,  but  the  senses  return  on  providing  an  exit  for  the  blood. 
There  may  be  a  splashing  sound  disappearing  with  the  filling  of 
the  pericardium,  at  which  time  the  area  of  precordial  dulness  will 
be  vastly    increased    (see    ^'pericardial   effusion'')-     Death   after 
iemal  days  or  weeks  is  usually  the  result  of  sepsis  (pericarditis, 
empyema,   pneumonia,   etc.),   although   secondary  hemorrhage  is 
a  possibility,  and  clot,  but  not  air,  embolism  has  been  reported. 
Spontaneous    recovery    occurs   in    i    per   cent,  of  penetrating  and 
9  per  cent,  of  non-penetrating  wounds.     The  wound  is  repaired 
by  fibrous  tissue,  not  muscle,  hence  the  possiblity  of  subsequent 
aneur}'sm»  rupture,  and  of  murmurs  from  alterations  of  the  cardiac 
orifices.    Pericardial   adhesions  probably   always   follow    wounds 
of  the  pericardium,  but  cause  symptoms  in  only  a  few  of  the 
cases. 

The  diagnosis  is  not  always  easy.  The  superficial  wound  may 
be  in  the  abdomen  or  back  and  the  general  symptoms,  at  least  in 
the  beginning,  slight.  External  bleeding  may  be  profuse  and 
spurting  from  an  intercostal  or  internal  mammary  artery  and 
absent  in  a  wound  of  the  heart.  The  X-ray  may  show  a  hemoperi- 
cardium,  or  in  the  case  of  a  gunshot  wound  the  projectile  in  the 
heart  or  pericardium.  The  only  safe  procedure  in  doubtful  cases 
presenting  a  wound  in  the  region  of  the  heart  is  to  enlarge  the 
wound,  ascertain  if  it  penetrates  the  chest  wall,  and  if  there  be 

IS 
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symptoms  of  hemorrhage  or  ** heart  tamponage,"  to  explore   the 
pericardium  and  the  heart. 

The  treatment  is  suture  of  the  heart.  An  anesthetic  should 
be  employed  unless  the  patient  be  unconscious,  using  intratracheal 
insufflation  if  the  pleural  cavity  has  been  opened.  In  one  case, 
in  which  the  pleura  was  unwounded,  we  were  able  to  expose  the 
heart  extrapleurally.  An  atypical  osteoplastic  flap  with  the  base 
towards  the  sternum,  either  in  the  right  or  left  chest  according  to 
indications,  and  including  as  many  ribs  as  may  be  necessary  for 
proper  exposure,  usually  from  two  to  four,  will  be  indicated  in  most 
of  the  cases.  The  wound  in  the  pericardium  is  enlarged  and  the 
bleeding  from  the  heart  controlled  by  a  finger,  by  compression  of 
the  heart,  by  dislocating  it  forward,  or  by  pressing  it  against  the 
sternum.  Rehn  says  the  operation  may  be  made  bloodless  by 
compressing  the  venae,  cavae  at  their  junction  with  the  right  auricle, 
between  two  fingers;  in  animals  this  procedure  has  been  continued 
for  ten  minutes  without  permanent  harm  following.  The  sutures 
may  be  of  silk  or  catgut,  introduced  by  means  of  a  curved  intestinal 
needle.  A  continuous  suture  may  be  applied  more  rapidly  than'-an 
interrupted  and  presents  fewer  knots  on  the  surface  of  the  heart. 
The  heart  may  be  steadied  by  the  fingers,  by  forceps,  or  by  sling 
sutures.  If  the  heart  ceases  to  beat  it  should  be  sutured  quickly  and 
massage  performed.  After  removing  the  blood  from  the  peri- 
cardium and  pleura,  these  cavities  should  be  closed.  We  have 
sutured  the  heart  in  six  cases,  with  four  recoveries. 

Massage  of  the  heart,  by  compressing  the  ventricles  between 
the  thumb  and  fingers,  60  times  to  the  minute,  has  been  employed 
for  suspended  animation  due  to  anesthetics,  wounds  of  the  heart, 
etc.    the  heart  being  exposed  by  thoracotomy,  or  by  incising  the 
diaphragm  after  opening  the  abdomen  (transdiaphragmatic  route). 
After  laparotomy  the  heart  may  be  manipulated  also  through  the 
diaphragm  without  opening  the  structure  (subdiaphragmatic  route). 
The  thoracic  route  should  be  selected  only  when  a  breach  in   the 
thoracic  wall  already  exists,  e.g.,  in  operations  on  the  heart  and 
lungs;  in  all  other  instances  the  subdiaphragmatic  method  is  easier 
and  safer.     Of  26  cases  in  which  the  massage  was  undertaken  by 
the  thoracic  route,  two  were  successful;  of  14  by  the  transdiaphrag- 
matic route,  one;  of  28  by  the  subdiaphragmatic  route,  13  (Lefevre). 
We  have  tried  the  last  named  method  in  a  few  cases  without  success. 
An   incomplete   form   of  cardiac  massage  may  be  performed  by 
making  rhythmical  pressure  (60  per  minute)  over  the  third,  fourth, 
and  fifth  costal  cartilages  on  the  left  side.     In  all  cases  it  is  important 


\ 


VASCULAR   SYSTEM  275 

to  maintain    the    respirations   and   the  bodily  heat   by   artificial 
means. 

Pericarditis    is   caused    by   contusions   or    wounds;    infectious 
diseases,  such  as  pyemia  or  septicemia,  rheumatism,  tuberculosis, 
and  pneumonia;  and  by  the  extension  of  infectious  processes  in 
the  neighborhood  of  the  pericardium.     The  nature  of  the  primary 
infection   determines  the  character  of   the  microorganism  found. 
Primary  pericarditis  is  very  rare. 
The  symptoms  are  often  masked  by  those  of  the  primary  illness 
i     and  the  condition  is  frequently  overlooked.     There  are  dyspnea, 
cough,   fever,    leukocytosis,    small   weak   pulse,    occasionally    the 
pulsus  paradoxus,  frequently  delirium,  pain  and  tenderness  over 
the  heart,  pain  radiating  down  the  left  arm  or  into  the  epigastrium, 
and  a  friction  sound,  perhaps  with  fremitus,  disappearing  as  the 
sac  fills  with  effusion.    In  pericardial  dBFusion  the  precordial  dulness 
increases   and   becomes  pear-shaped,   the  precordium   bulges,  the 
cardiac  sounds  become  faint  and  distant,  and  there  may  be  aphonia 
and  dysphagia;  the  apex  beat  is  above  the  lower  boundary  of  dulness 
or  is  absent;  dulness  in  the  fifth  right  interspace  close  to  the  sternum 
(Rokh's  sign)   may  be  present;  percussion   reveals  flatness  with 
marked  resistance;  an  area  of  dullness  with  bronchial   breathing 
near  the  angle  of  the  left  scapula  {Bamberger's  sign)  may  be  present, 
as  may  also  Ewart's  sign,  in  which  the  first  rib  is  separated  from  the 
clavicle  so  that  the  former  may  be  palpated  its  entire  length.     The 
effusion  may  sometimes  be  demonstrated  with  the  X-ray.     If  the 
fluid  becomes  purulent,  there  may  be  intermittent  fever  with  edema 
of  the  chest  wall.     Exploratory  puncture  will  confirm  the  diagnosis. 
The  most   common   conditions  for   which  pericardial   effusion   is 
mistaken  are  dilatation  of  the  heart,  pleural  effusion,  and  pneumonia. 
^Tien  the  pain  is  referred  to  the  abdomen,  such  conditions  as 
appendicitis,  perforation  of  the  intestine,  and  acute  gastritis  may 
be  simulated. 

The  treatment,  in  the  absence  of  effusion,  is  medical.  Serous 
effusion,  when  excessive,  demands  aspiration.  Hemorrhagic  effusion 
ikemopericardium)  arising  immediately  after  a  wound  demands 
exploratory  pericardotomy.  At  a  later  period  tapping  may  suffice, 
although  even  then  pericardotomy  may  be  necessary  to  remove 
clots  if  the  symptoms  persist.  Nontraumatic  hemopericardium, 
excluding  scurvy,  is  generally  due  to  a  fatal  malady  (e.g.,  rupture 
of  the  heart,  bursting  of  an  aneurysm,  tuberculosis,  cancer.  Bright 's 
disease),  hence  relief  from  tapping  is  only  temporary.  In  purulent 
efusian  (pyopericardium,  empyema  of  Die  pericardium)  pericardotomy 
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is  fequired.  Puncture,  as  in  pleural  empyema,  should  not  be  used^ 
except  for  diagnosis,  or  for  palliation  in  cases  too  ill  to  stand  peri- 
cardotomy. 

Paracentesis  Pericardii  (tapping  of  the  pericardium). — The 
diagnosis  of  pericardial  effusion  can  be  assured  only  by  exploratory 
puncture,  which  should  be  made  with  an  ordinary  hypodermic 
syringe.  Large  trocars  are  dangerous.  A  fine  needle  may  fail  to 
evacuate  thick  pus,  but  it  will  rarely  fail  to  obtain  enough  for 
diagnostic  purposes.  Although  puncture  of  the  heart  with  a  fine 
needle  is  generally  harmless,  death  may  follow,  either  immediately 
from  injury  to  the  coordination  center,  or  later  from  hemoperi- 
cardium.  The  needle  should  be  introduced  in  the  fourth  or  fifth 
left  interspace  close  to  the  edge  of  the  sternum,  so  as  to  avoid  the 
pleura  and  the  internal  mammary  artery  (LeConte).  If  no  fluid 
is  withdrawn,  it  may  be  entered  in  the  fifth  intercostal  space,  two 
inches  from  the  left  border  of  the  sternum.  Never  should  the 
puncture  be  made  at  the  spot  where  friction  is  heard,  or  where  the 
heart  sounds  are  very  distinct.  If  the  fluid  is  serous  or  sanguine- 
ous an  aspirator  should  be  connected  with  the  needle;  if  pus  is 
recovered  pericardotomy  is  mandatory. 

Pericardotomy  (incision  of  the  pericardium)  without  resection  of 
a  costal  cartilage  is  indicated  when  the  patient  is  unable  to  stand  a 
general  anesthetic.  The  tissues  should  be  infiltrated  with  Schleich  's 
fluid,  and  an  incision  made  in  the  fourth  or  fifth  intercostal  space, 
beginning  at  a  point  one  inch  from  the  sternal  border  and  extending 
to  a  point  an  inch  within  the  nipple  line.  This  avoids  the  internal 
mammary  artery,  which  runs  parallel  with,  and  a  half  inch  external 
to,  the  edge  of  the  sternum,  but  may  injure  the  pleura;  the  two  layers 
of  pleura,  however,  are  frequently  adherent  at  this  point  in  pyoperi- 
carditis,  and  the  wound  will  be  of  no  consequence.  The  pericardium 
is  incised  and  a  rubber  drainage  tube  inserted.  When  a  general 
anesthetic  is  employed  a  portion  of  the  fourth  or  fifth  costal  cartilage 
may  be  resected  close  to  the  sternum,  ligating  the  internal  mammary 
vessels  if  necessary.  Roberts  advises  turning  up  a  flap,  consisting 
of  the  fourth  and  fifth  costal  cartilages,  the  soft  tissues  of  the  third 
interspace  being  used  as  a  hinge.  Irrigation  with  salt  solution  may 
be  cautiously  used  for  the  removal  of  clots  or  masses  of  fibrin. 

Cardiolysis  is  a  resection  of  varying  amounts  of  bony  tissue 
(ribs  and  sternum)  in  order  to  unfetter  a  heart  bound  to  the  chest 
wall  by  chronic  mediastinopericarditis,  which  manifests  itself  by 
dyspnea,  ascites,  and  other  symptoms  of  cardiac  insufficiency, 
together  with  systolic  retraction  of  the  intercostal  spaces,  retraction 


VASCULAR   SYSTEM  277 

of  the  lower  lateral  and  lower  posterior  portions  of  the  chest  (Broad- 
hetU*s  sign),  diastolic  shock  or  rebound,  absence  of  respiratory 
movements  in  the  epigastrium,  pulsus  paradoxus  {KussmauVs  sign), 
and  diastolic  collapse  of  the  cervical  veins  {Friedreich's  sign).  In 
the  few  cases  in  which  this  operation  has  been  performed  the  results 
have  been  gratifying. 

THE  VEINS 

Phlebitis,  or  inflammation  of  a  vein,  may  be  acute  or  chronic. 

Acate  phlebitis  is  caused  by  inflammatory  affections  in  the 
neighborhood  of  a  vein  (periphlebitis) ,  injuries,  primary  thrombosis 
(thrombophlebitis),  varix,  and  by  such  constitutional  affections  as 
rheumatism,  gout,  and  the  infectious  fevers.  Post-operative  phlebitis 
is  sometimes  due  to  infection,  but  most  of  the  cases  following  aseptic 
operations  are,  we  think,  to  be  ascribed  to  non-bacterial  changes  in 
the  blood  and  slowing  of  the  circulation,  because  the  operations  most 
likely  to  be  followed  by  thrombophlebitis  are  those  involving  varices, 
those  on  anemic  patients,  especially  hysterectomy  for  bleeding 
fibromyoma,  and  those  necessitating  a  prolonged  stay  in  bed,  e.g., 
abdominal  section,  and  because,  like  thrombosis  from  other  general 
conditions,  the  process  is  usually  located  in  the  left  femoral  and 
iliac  veins,  the  reasons  for  which  are  give  under  ''Thrombosis." 
Phlebitis  of  the  lower  extremity  complicates  2  per  cent,  of  all  abdomi- 
nal q)erations,  30  per  cent,  of  these  following  hysterectomy,  15  per 
cent,  oophorectomy,  10  per  cent,  appendicitis,  and  5  per  cent,  renal 
operations.  Large  emboli  are  detached  in  about  2  per  cent,  of  the 
cases,  and  of  these  about  one-third  are  fatal  (see  "Pulmonary 
Embolism"). 

The  pathological  changes  usually  begin  in  the  intima,  because 
it  is  the  first  to  yield  in  contusions  and  is  directly  exposed  to  toxins 
circulating  in  the  blood.  The  endothelial  cells  degenerate  and 
h*berate  fibrin  ferment,  and  this  with  the  concomitant  roughening 
of  the  intima  leads  to  thrombosis.  The  fate  of  the  thrombus  has 
been  mentioned  under  "Thrombosis.''  The  outer  coats  swell  owing 
to  the  dilatation  of  the  vasa  vasorum  and  the  subsequent  exudation. 
The  inflammatory  exudate  and  the  thrombus  may  be  absorbed  or 
organized  (exudative  phlebitis) ,  or  undergo  suppuration  {suppurative 
pkkbiiis).  The  former  is  responsible  for  the  massive  emboli  which, 
cause  sudden  death,  the  latter  for  the  small  septic  emboli  which 
cause  metastatic  abscesses  (pyemia).  Phlebitis  may  be  sharply 
localized  to  a  small  segment  of  a  vein,  notably  in  varix  of  the  leg^  or 
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It  may  involve  most  of  the  veins  of  an  extremity,  e.g.,  in  phlegmasia 
alba  dolens.  If  it  begins  in  a  small  vein  it  spreads  in  the  direction 
of  the  blood  current,  if  in  a  large  vein  in  both  directions.  Sometimes, 
however,  it  jumps  from  one  segment  to  another,  particularly  in 
gouty  phlebitis.  Multiple  patches  of  phlebitis  in  various  parts  of 
the  body  may  occur  also  in  rheumatism,  chlorosis,  and  tuberculous 
or  cancerous  cachexia. 

The  Sjrmptoms  are  local  and  general.  The  local  symptoms  are 
(a)  those  of  inflammation,  viz.,  pain  and  tenderness  along  the  vein, 
which  may  be  felt  as  a  firm  cord  when  the  vein  is  superficial,  elevation 
of  the  local  temperature  and  redness  when  the  perivascular  tissues 
are  involved,  and  fluctuation  in  the  event  of  suppuration,  and  (b) 
those  of  obstruction  to  the  venous  current,  viz.,  edema  and  passive 
congestion  in  the  region  distal  to  the  thrombus,  and  ultimately 
enlargement  of  the  collateral  veins.  The  small  superficial  veins 
often  become  prominent  at  once,  and  the  skin  may  be  bluish,  glossy, 
and,  because  of  the  swelling,  more  smooth  than  normal.  Occa- 
sionally, particularly  in  septic  cases,  a  line  of  ecchymosis  appears 
along  the  inflamed  vein.  Other  symptoms,  referable  to  disturbance 
of  special  functions,  arise  when  the  visceral  veins  are  affected.  The 
general  symptoms  vary  from  a  slight  rise  of  temperature  to  the  severer 
forms  of  septicemia.  A  progressive  increase  in  the  pulse  rate,  even 
without  fever  (Mahler's  symptom),  should  make  one  suspect  a 
beginning  phlebitis.  Embolism  causes  sudden  death,  pulmonary 
infarction  (see  *VPulmonary  Embolism")?  or,  in  the  case  of  septic 
emboli,  pyemia. 

The  diagnosis  from  lymphangitis  is  rarely  difl&cult.  In  lymph- 
angitis there  may  be  several  thin  red  lines,  instead  of  one  broad 
line,  as  in  superficial  phlebitis.  In  the  former  the  edema  is  more 
firm,  local  cyanosis  and  varices  are  absent,  the  lymph  glands  are 
enlarged,  and  no  clot  is  felt  in  the  vein. 

The  prophylaxis  of  post-operative  phlebitis  includes  careful  pre- 
paratory treatment,  especially  of  the  heart  and  lungs  if  they  are 
functionally  impaired;  asepsis,  rigorous  hemostasis,  protection 
from  cold,  and  avoidance  of  rough  manipulation  of  the  tissues  during 
operation;  and  after  operation  attention  to  shock,  the  secretions, 
and  the  bowels,  and  allowing  the  patient  to  resume  the  regular  diet 
and  to  sit  up  as  early  as  possible.  When  a  prolonged  stay  in  bed 
is  necessary  centripetal  massage,  active  movements  of  the  arms 
and  legs,  and  breathing  exercises  may  be  ordered.  If  conditions 
favorable  for  thrombosis  exist,  citric  acid,  30  grains  three  times 
4aily,  may  be  given  ta  lessen  the  coagulative  tendency  of  the  blood. 
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or  the  milk  may  be  decalcified  by  adding  to  each  pint  30  grains  of 
citrate  of  soda  (Wright  and  Knapp). 

The  treatment  of  phlebitis  itself  is  attention  to  any  existing 
constitutional  disease,  absolute  rest  in  the  recumbent  posture  to 
lessen  the  force  of  the  circulation  and  prevent  the  detachment  of 
emboli,  elevation  of  the  part,  and  the  application  of  cataplasma 
kaolini,  lead-water  and  laudanum,  or  other  evaporating  lotions,  or 
equal  parts  of  ichthyol,  belladonna,  mercury,  and  lanolin,  which 
should  be  laid  on,  not  rubbed  in,  and  held  in  place  with  a  loose 
bandage.  Tight  bandaging,  inunctions,  and  massage  are  dangerous. 
Sitting  up  is  not  absolutely  safe  until  the  clot  has  become  organized 
or  absorbed  (six  to  eight  weeks),  when  gentle  passive  motions  and 
light  frictions  may  be  employed  to  hasten  absorption  of  the  edema. 
An  elastic  bandage  should  be  worn  for  the  same  purpose.  In  sup- 
purative phlebitis  the  vein  should  be  excised,  or,  if  this  is  not  possible, 
mdsed  and  disinfected,  and  a  ligature  placed  between  the  area  of 
inflammation  and  the  heart,  in  order  to  prevent  pyemia;  thus  in 
thrombosis  of  the  lateral  sinus  due  to  otitis  media,  the  internal  jugular 
vein  should  be  tied  in  addition  to  the  opening  and  disinfection  of 
the  sinus. 

Chronic  phlebitis,  or  phlebosclerosis,  is  a  condition  similar  to  ar- 
teriosclerosis. The  vein  walls  are  thickened  as  the  result  of  acute 
inflammation,  or  of  overdistention,  e.g.,  in  varicose  veins  or  other 
forms  of  obstruction.  Like  arteriosclerosis  it  may  be  widespread  as 
the  result  of  such  conditions  as  syphilis,  gout,  alcoholism,  etc.  The 
treatment  is  that  of  the  cause. 

Varix  (varicose  veins,  phlebectasia)  is  an  elongated,  permanently 
dilated,  tortuous  vein  with  thickened  walls.  It  is  most  frequent  in 
the  internal  and  external  saphenous  veins  of  the  leg  (Fig.  in),  and 
it  is  with  such  that  we  shall  deal  at  the  present  time,  other  mani- 
festations of  this  abnormality,  such  as  varicocele  and  hemorrhoids, 
being  discussed  in  other  sections  of  the  book. 

The  causes  of  varix  are,  (i)  weakness  of  the  walls  of  the  veins, 
either  hereditary  or  acquired  (phlebitis) ;  (2)  retardation  of  the  venous 
circulation,  e.g.,  by  cardiac  or  pulmonary  disease,  prolonged  stand- 
ing, and  obstructions,  such  as  garters,  tumors,  pregnant  or  displaced 
uterus;  (3)  compensatory  dilation,  such  as  occurs  in  the  superficial 
veins  of  the  leg  when  the  deep  veins  are  blocked ;  and  (4)  an  abnormal 
optning  between  an  artery  and  vein,  such  as  occurs  in  aneurysmal  varix. 
The  condition  is  frequently  present  in  youth,  but  usually  gives  no 
trouble  until  middle  life  is  reached.  Women  are  more  liable  to 
varix  than  men,  owing  to  the  influence  of  pregnancy. 
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Pathology—  'I"hc  dilatation  induces  at  first  hjpertrophy  o 
tunica  media  and  linally  chronic  inflammatory  changes  with 


inflamed  and  filled  with  clot  (ttirombophlebitis 


liferation  of  the  connective-tissue  elements.     The  new  tissue  < 
the  vessel  walls  to  thicken  and  elongate,  and  the  elongation 
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luates  in  tortuosity.  Owing  to  the  distention  of  the  vein,  and  to  the 
crippling  of  the  valves  by  the  sclerotic  process,  the  latter  structures 
become  incompetent,  and  the  wails  of  the  vein  must  support  a 
column  of  blood  extending  to  the  heart,  and  bear  the  brunt  of  every 
sudden  increase  in  the  intravenous  blood  pressure,  e.g.,  by  coughing, 
straining,  etc.  In  old  cases  periphlebitis,  causing  the  vein  to  adhere 
to  the  environing  tissues,  is  always  present,  and  the  inflammatory 
changes  may  extend  to  the  remaining  structures  of  the  leg.  Lym- 
phangitis seriously  augments  the  edema,  renders  it  firmer  in  charac- 
ter, and  sometimes  leads  to  enormous  hyperplasia  of  the  subcutane- 
ous tissues  (pseudo-elephantiasis).  The  arteries  may  suflfer  like  the 
veins  and  even  become  thrombosed.  The  nerves  and  muscles  may 
be  attacked  by  interstitial  inflammation,  and  the  bones  beneath 
ulcers  may  be  the  seat  of  osteoporosis  or  even  caries.  The  skin  is 
thickened,  often  pigmented  owing  to  rupture  of  dilated  vasa  vasor- 
um,  and  frequently  reddend,  eczematous,  or  ulcerated. 

Symptoms. — Varices  usually  develop  insidiously,  although  in 
acute  obstructive  lesions  and  in  arteriovenous  aneurysm  they  may 
arise  quickly.  Both  legs  are  effected  in  70  per  cent,  of  the  cases,  the 
left  alone  in  20  per  cent.,  the  right  alone  in  10  per  cent.  Even  when 
bilateral,  the  affection  is  generally  more  pronounced  on  the 
left  side,  for  the  same  reasons  that  venous  thrombosis  (q.v.)  is  more 
frequent  on  this  side.  In  an  uncomplicated  case  there  may  be  pain 
in  the  leg  and  sole  of  the  foot,  heaviness  of  the  limb,  and  edema, 
particularly  after  walking  or  standing,  and  sometimes  muscular 
cramps.  When  varices  begin  in  the  deep  veins,  the  usual  point  of 
origin  according  to  some  authors,  these  symptoms  may  be  misin- 
terpreted until  the  superficial  veins  dilate,  when  the  condition  is 
readily  recognized.  The  veins  are  at  first  uniformly  distended,  but 
subsequently  become  fusiform  in  places  or  even  sacculated.  Valvu- 
lar incompetence  may  be  demonstrated  by  striking  the  upper  part 
of  the  vein  with  a  finger  and  palpating  the  fluctuation  wave  thus 
induced  at  a  lower  level,  or  by  noting  the  impulse  transmitted  along 
the  blood  column  when  the  patient  coughs.  Trendelenburg's  test 
is  as  follows:  After  the  patient  lies  down  and  elevates  the  limb, 
compression  is  applied  to  the  upper  part  of  the  saphenous  vein  and 
the  patient  told  to  stand.  K  the  vein  slowly  distends  from  below 
upward  the  valves  are  competent;  if  it  remains  empty  and,  after  the 
compression  is  removecl,  suddenly  fills  from  above  downward  the 
valves  are  incompetent  and  the  circulation  reversed.  Chevrier  says 
that  if,  in  the  Trendelenburg  test,  the  varices  fill  slowly  from  below 
upward  while  compression  is  maintained  on  the  upper  part  of  the 
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saphenous  vein,  the  valves  of  the  anastomatic  branches  between  the 
superficial  and  deep  veins  are  normal,  but  that  if  the  varices  distend 
quickly  the  same  valves  are  incompetent;  this  is  the  deep,  or  ascend- 
ing reflux,  in  contradistinction  to  the  superficial,  or  descending  reflux, 
of  Trendelenburg. 

Complications. — Rupture  of  a  deep  varix  in  the  calf  occurs  under 
similar  circumstances,  gives  the  same  symptoms,  and  requires  the 
same  treatment  as  rupture  of  the  plantaris  muscle  (q. v.) .  Rupture  of 
a  superficial  varix  may  result  from  trauma,  ulceration,  or  simply  from 
coughing  or  straining;  in  the  last  instance  it  usually  occurs  where  the 
vein  is  greatly  thinned  as  the  result  of  a  saccular  dilatation.  The 
bleeding  is  more  profuse  than  under  normal  conditions,  because  of  the 
incompetent  valves  and  the  rigidity  of  the  vein,  which  prevents  its 
collapse;  and  when  the  circulation  is  reversed  the  hemorrhage  is 
more  copious  from  the  upper  end  of  the  vein. 

Thrombophlebitis y  usually  exudative  and  localized  to  a  segment  of 
the  vein,  is  a  frequent  complication,  owing  to  the  sluggish  circulation 
and  the  alterations  in  the  walls  of  the  vein,  and  one  which  may  result 
in  obliteration  of  the  vessel  and  spontaneous  recovery.  Embolism 
is  not  as  menacing  as  in  a  non-varicosed  vein,  thanks  to  the  frequency 
of  reversal  of  the  circulation. 

Ulceration,  the  type  of  which  has  been  described  in  chapter  viii,  is 
the  most  frequent  complication.  It  may  follow  the  rupture  of  a 
superficial  varix  or  a  perivenous  abscess,  or  start  in  a  scratch,  area  of 
eczema,  or  minute  spot  of  necrosis.  The  last  is  due  to  capillary 
thrombosis  consequent  upon  the  blood  pressure  in  the  veins  equaliz- 
ing that  in  the  arteries. 

Eczema  and  kindred  dermatoses,  lymphangitis,  and  inflammatory- 
changes  in  the  other  tissues  of  the  leg  have  been  mentioned  in  the 
paragraph  on  the  pathology. 

The  treatment  may  be  palliative  or  radical.  Palliative  treatment 
consists  in  removal  of  circular  garters,  and  all  forms  of  dress  which 
constrict  the  abdomen,  gentle  massage  if  the  skin  is  healthy,  attention 
to  constipation  and  any  existing  cardiac  or  pulmonary  affection, 
and  the  application  of  an  elastic  stocking  or  bandage.  The  bandage 
should  be  taken  off  at  bedtime  and  the  skin  rubbed  with  alcohol; 
after  the  morning  bath  the  limb  should  be  powdered  with  stearate  of 
zinc  and  the  bandage  reapplied. 

The  radical  treatment,  or  operation,  is  followed  by  the  best  results 
in  a  unilateral  circumscribed  varicosity.  In  addition  to  these  cases, 
operation  is  indicated  when  there  are  thin-walled  diverticula  which 
threaten  to  burst;  when  ulcers  or  eczema  refuse  to  heal;  when  there  is 
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great  pain;  when  thrombosis  occurs;  when  portions  of  the  varix  are 
situated  over  the  crest  of  the  tibia,  where  as  the  result  of  injury  they 
may  rupture  or  become  inflamed;  and  when  the  valves  are  incompe- 
tent as  shown  by  the  tests  already  described.  Excluding  the  general 
condition  of  the  patient,  operation  is  contraindicated  when  the 
\'aricosity  is  compensatory  to  thrombosis  of  the  deep  veins,  as  this 
would  lead  to  p)ermanent  edema.  In  many  of  these  cases  elastic  com- 
pression also  increases  the  circulatory  difficulties.  Excision  of  a 
drcumscribed  varix  is  performed  by  incising  the  skin,  ligating  the 
vein  or  veins  above  and  below  with  catgut,  and  removing  the  varix. 
Total  saphenectomy  necessitates  an  incision  extending  from  the 
saphenous  opening  to  the  ankle,  or  better,  a  succession  of  incisions, 
the  vein  being  enucleated  beneath  the  skin  lying  between  the  cuts. 
Instead  of  using  the  finger  for  enucleation  Mayo  threads  the  vein 
on  a  ring  which  is  attached  to  a  handle  and  pushed  along  the  vein 
beneath  the  skin.  Babcock  employs  a  long  pliable  probe,  with  an 
acorn  tip  at  each  end,  one  larger  than  the  other.  After  tying  one 
extremity  of  the  section  of  vein  to  be  removed,  the  small  end  of  the 
varix  extractor  is  pushed  along  within  the  vein  as  far  as  possible,  at 
which  point  the  vein  is  exposed  by  an  incision,  clamped  below  the 
end  of  the  probe,  then  opened,  so  that  the  probe  may  be  drawn  out. 
The  other  end  of  the  venous  segment  is  then  tied  beneath  the  larger 
acorn  which  is  cuffed  to  catch  the  vein,  and  the  vein  is  extracted  from 
beneath  the  skin  by  pulling  on  the  smaller  end  of  the  probe.  Mar- 
mourian  passes  a  probe,  eye  first,  through  the  vein  between  the  cu- 
taneous incisions,  fixes  the  vein  to  the  eye  of  the  probe  with  sutures, 
and  extracts  the  vein,  at  the  same  time  turning  it  outside  in,  by  pull- 
ing on  the  probe.  These  ingenious  methods  for  assisting  saphenec- 
tomy are  of  the  most  value  in  the  thigh ;  below  the  knee  the  veins  are 
often  so  convoluted  that  an  instrument  cannot  be  passed  along  them, 
and  the  varices  are  often  so  intimately  adherent  to  the  skin  that 
subcutaneous  enucleation  is  impossible  and  a  section  of  the  skin  must 
be  removed  with  the  veins.  Trendelenburg  breaks  the  long  column 
of  blood  which  the  veins  of  the  leg  must  support  by  incising  about 
four  inches  of  the  internal  saphenous  vien  at  the  juncture  of  the 
nuddle  and  lower  thirds  of  the  thigh.  The  latest  statistics  for  this 
operation  (Goerlich)  show  that  79  per  cent,  were  symptomatically 
cured  or  vastly  improved,  although  the  varicosities  recurred  in 
about  half  the  cases.  Phelps  uses  multiple  ligatures  (thirty  or 
forty).  Schede  encircles  the  leg  with  an  incision  at  the  junction  of 
the  upper  and  middle  thirds,  ties  all  visible  veins,  and  sutures  the 
wound.    Friedel  makes  a  long  spiral  incision,  encircling  the  leg  a 
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number  of  times,  from  the  foot  to  the  knee,  and  ties  all  of  the  exposed 
veins.  Cecca  aims  to  support  the  saphenous  vein  by  suturing  the 
deep  fascia  over  it.  Katzensiein  sews  the  margins  of  the  sartorius 
together  over  the  vein,  thus  providing  it  with  a  muscular  canal  that, 
by  its  intermittent  contractions,  urges  the  blood  along  the  vein. 
Delhet  suggests,  in  cases  of  valvular  insufficiency,  ligating  the  internal 
saphenous  12  cm.  below  the  saphenous  opening  and  anastomosing 
the  distal  end  with  the  femoral  vein  (end- to-side) ,  thus  permitting 
the  blood  to  flow  into  the  femoral  below  competent  valves,  of  which 
there  is  always  at  least  one  pair  between  the  original  and  the  new 
site  of  anastomosis. 

The  choice  of  operation,  in  small  varices,  is  excision  of  the  varix. 
When  the  veins  are  extensively  involved  the  patient  should  wear  an 
elastic  bandage  or  stocking  for  several  days;  if  this  increases  the 
trouble  there  is  probably  thrombosis  of  the  deeper  veins  and  opera- 
tion is  contraindicated,  unless  the  veins  are  enormous,  in  which 
event  it  might  be  advisable  to  support  the  vessels  by  the  Cecca  or  the 
Katzenstein  operation.  If  the  varix  is  not  compensatory  and  there 
is  a  descending  without  an  ascending  reflux  the  Trendelenburg  opera- 
tion may  be  performed;  in  all  other  cases  it  is  contraindicated.  If 
there  is  only  an  ascending  reflux,  circumscribed  excision  of  the  varices, 
which  necessitates  ligation  of  the  deep  anastomotic  branches,  is  the 
best  operation.  If  there  is  both  a  descending  and  an  ascending 
reflux  the  only  procedure  of  value  is  total  saphenectomy.  This  is 
effective  also  when  there  is  only  a  descending  or  only  an  ascending 
reflux,  but  which,  because  of  its  magnitude,  it  should  be  reserved  for 
the  cases  in  which  the  less  extensive  operations  are  impotent. 

Venesectioii  phlebotomy) ,  or  the  opening  of  a  vein  to  abstract 
blood,  has  two  principal  indications,  (i)  to  relieve  overdistention  of 
the  right  heart  from  any  cause,  and  (2)  to  diminish  the  amount  of 
toxins  in  the  body  in  conditions  like  uremia.  In  the  latter  instance 
bleeding  is  generally  followed  by  the  intravenous  injection  of  salt 
solution.  The  operation  is  usually  performed  at  the  bend  of  the 
elbow  upon  the  median  basilic  vein,  which  is  larger  and  more  distinct 
than  the  median  cephalic,  but  has  the  disadvantage  of  lying  directly 
over  the  brachial  artery,  which  may  be  wounded  if  the  knife  is  thrust 
too  deeply.  A  bandage  is  tied  around  the  arm  above  the  elbow, 
just  tight  enough  to  arrest  the  venous  return  without  interfering 
with  the  arterial  supply.  The  patient  grasps  a  bandage  or  makes  a 
hard  fist  so  as  to  press  the  blood  from  the  muscles  into  the  superficial 
veins.  The  vein  is  steadied  with  the  left  hand,  and  opened  with  the 
right  hand  by  an  oblique  incision.     The  blood  is  collected  in  a 
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graduated  receptacle  until  a  sufficient  quantity  has  been  withdrawn, 
when  a  finger  is  placed  over  the  bleeding  point,  the  bandage  above  the 
elbow  removed,  and  a  sterile  gauze  pad  bandaged  over  the  wound. 
Transfusion  of  blood  has  proved  of  value  in  acute  hemorrhage 
and  in  pathological  hemorrhage,  in  pure  shock  its  remedial  eflfects 
are  questionable  and  in  blood  diseases  and   toxemias  it  seems  of 
little  use.     In  other  words,  transplanted  blood  constitutes  a  fluid  for 
the  heart  and  the  arteries  to  act  upon,  is  an  efficient  hemostatic,  but 
that  it  has  a  hematopoietic,  antibacterial,  or  antitoxic  effect  has  not 
been  proved ;  the  nourishment  it  contains  should  be  temporarily  bene- 
ficent.   Before  transfusion  the  donor's  blood  should  be  subjected  to 
the  Wasserman  test  for  syphilis,  and  as  there  is  some  danger  of 
hemolysis  and  agglutination  the  effect  of  the  patient's  blood  upon 
that  of  the  donor  should  be  studied.   According  to  Mossall  individuals 
may  be  di\'ided  into  four  blood  groups,     (i)  The  serum  of  those  in 
this  group  does  not  agglutinate  the  corpuscles  of  any  other  group. 
The  corpuscles  of  group  i  are  agglutinated  by  the  serum  of  group  2, 
3.  and  4.     (2)  The  serum  of  group  2  agglutinates  the  corpuscles  of 
groups  I  and  3.     The  corpuscles  of  group  2  are  agglutinated  by  the 
serum  of  groups  3  and  4.     (3)  The  serum  of  group  3  agglutinates 
the  corpuscles  of  groups  i  and  2.      The  corpuscles  of  group  3  are 
agglutinated  by  the  serum  of  groups  2  and  4.     (4)  The  serum  of 
group  4  agglutinates  the  corpuscles  of  groups  i,  2,  and  3.     The 
corpuscles  of  group  4  are  not  agglutinated  by  any  serum.     Eight 
per  cent,  of  all  individuals  are  in  group  i,  40  per  cent,  in  group  2, 
10  per  cent,  in  group  3,  and  42  per  cent,  in  group  4.     If  possible  the 
donor  and  the  patient  should  be  in  the  same  group,  although  if  the 
donor's  blood  contains  an  agglutinin  for  the  patient's  corpuscles, 
this  agglutinin  will  be  rapidly  diluted  and  no  harm  may  follow.     If 
the  patient's  serum  agglutinates  the  corpuscles  of  the  proposed  donor, 
another  p)erson  willing  to  contribute  blood  must  be  sought.     It  will 
thus  be  seen  that  a  patient  in  group  i  is  a  **  universal  recipient, "  and 
that  a  person  in  group  4  is  a  "universal  donor.  *'     If,  owing  to  lack 
of  facilities  or  time,  these  tests  caiTnot  be  made,  intravenous  infusion 
of  salt  solution  should  be  employed.     Transfusion  may,  of  course, 
be  performed  later  if  such  seems  to  be  indicated.     There  are  two 
methods,  the  direct,  in  which  the  blood  is  conveyed  directly  from  the 
vessels  of  one  individual  into  those  of  another,  and  the  indirect^  in 
which  the  blood  of  one  individual  is  first  drawn  into  a  receptacle 
before  it  is  injected  into  the  vessels  of  the  second  individual. 

Direct  transfusion  may  be  performed  by  anastomosing  the  radial 
artery  of  one  individual,  with  any  convenient  superficial  vein  of 
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another.  Under  local  anesthesia  both  artery  and  vein  are  exposed, 
tied  below,  and  secured  with  an  arterial  clamp  above.  Each  is  then 
cut  above  the  ligature  and  the  adventitia  of  the  central  end  pulled 
down  and  snipped  off  with  scissors.  The  vessels  may  then  be  united 
by  the  Carrel  method,  or  by  glass  or  metal  tubes.  The  clamps 
are  then  removed  and  the  anastomosis  covered  with  a  hot  moist 
sponge,  to  relax  the  artery.  The  time  the  blood  is  allowed  to  flow 
depends  upon  the  effects  noted,  but  is  usually  from  20  to  40  minutes. 
In  order  to  prevent  acute  dilatation  of  the  heart,  which  sometimes 
follows  the  rapid  introduction  of  a  large  quantity  of  blood  into  the 
circulation,  Dorrance  and  Ginsburg  suggest  vein-to-vein  instead  of 
artery-to-vein  transfusion.  As  the  veins  are 
larger  than  the  arteries,  veno-venous  is  much 
easier  to  perform  than  arteriovenous  anasto- 
mosis, but,  owing  to  the  composition  of  venous 
blood,  the  chances  of  thrombosis  are  probably 
greater.  Because  of  its  technical  difficulties 
and  the  impossibility  of  measuring  the  amount 
of  blood  transfused,  the  direct  has  been  super- 
ceded by  the  indirect  method  of  transfusion. 

In  performing  indirect  transfusion  Kimpton 
uses  a  number  of  glass  cylinders  (Fig.  112),  the 
inner  surfaces  of  which  are  coated  with  stearin, 
parafhn,  and  vaselin,  in  the  proportion  of  1-2—2, 
after  the  cylinders  have  been  heated  over  a 
Bunsen  burner  and  theparafhn  mixture  liquefied 
by  placing  the  jar  in  which  it  is  kept  in  a  basin 
of  hot  water.  A  prominent  vein  is  exposed  at 
the  bend  of  the  elbow  of  the  donor  and  recipient 
and  two  ligatures  placed  under  each  vein.  A 
tourniquet  is  drawn  around  the  donor's  arm 
just  tight  enough  to  produce  congestion,  and  the  proximal  ligature 
tied.  The  distal  ligature,  untied,  serves,  when  drawn  upon,  to  close 
the  vein,  A  slit  is  made  in  the  donor's  vein  between  the  ligatures, 
and  the  cannula  inserted  toward  the  hand.  In  the  course  of  two  or 
three  minutes  the  cylinder  is  full  of  blood,  during  which  time  the 
vein  of  the  recipient  is  tied  distally,  and  opened,  the  proximal  liga- 
ture being  employed  in  the  same  manner  as  the  distal  ligature  on 
the  vein  of  the  donor.  The  cannula  of  the  full  cylinder  is  now  in- 
serted into  the  vein  of  the  recipient,  care  being  taken  during  the 
transference  to  place  the  thumb  over  the  side  tube,  and  to  keep  the 
side  tube  uppermost  and  on  the  same  level  as  the  cannula.     The 


Fig.  113.— The  glass 
cylinder,  of  whatever 
capacity  desired,  is  closed 
above  by  a  cork.  Below 
the  upper  end  is  a  side 
tube.  The  lower  end  is 
fashioned  into  a  cannula. 
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cylinder  is  held  upright  and,  with  the  aid  of  a  rubber  bulb  which  is 
attached  to  the  side  tube,  emptied.  The  cannula  is  withdrawn 
while  still  filled  with  blood.  As  many  cylinders  as  may  be  needed 
ire  filled  and  emptied,  using  the  same  veins. 

The  sodium  citrate  method  (Lewisohn)  is  the  one  usually  employed. 
Chemically  pure  sodium  citrate  added  to  freshly  distilled  sterile 
water  is  boiled  for  two  minutes,  or  put  in  papers  and  sterilized  dry 
for  30  minutes,  at  248  degrees  F.  Nine  grs.  of  sodium  citrate  in 
I  ounce  of  water  makes  approximately  a  2  per  cent,  solution, 
and  this  solution  is  used  in  the  proportion  of  i  part  to  9 
parts  of  blood,  thus  making  a  0.2  per  cent,  solution  of  citrated 
blood.  A  tourniquet  is  applied  to  the  donor's  arm,  and  the  median 
basilic  or  the  median  cephalic  vein  punctured  with  a  large  calibred 
needle,  or  exposed  by  an  incision  and  a  cannula  inserted.  The  blood 
is  collected  in  a  graduated  glass  receptacle,  containing  the  citrate 
solution,  with  which  it  is  mixed  by  stirring  gently  with  a  glass  rod. 
If  450  c.c.  of  blood  are  to  be  given,  the  receptacle  should  contain  50 
re.  of  the  two  per  cent,  citrate  solution.  As  clotting  sometimes 
occurs  with  this  mixture  many  surgeons  use  30  c.c.  of  the  2  per  cent, 
citrate  solution,  larger  amounts  of  blood  being  treated  proportion- 
ately. The  blood  is  introduced  into  the  patient's  vein  in  the  same 
oianner  as  salt  solution  (vide  infra). 

In  addition  to  clot  embolism,  hemolysis,  agglutination,  and  acute 
dilatation  of  the  heart,  the  possible  dangers  of  transfusion  are  infec- 
tion from  faulty  technic,  a  danger  common  to  all  operations;  recur- 
^t  bleeding,  if  the  transfusion  is  performed  for  post-hemorrhagic 
hernia  and  the  source  of  the  bleeding  has  not  been  controlled;  and 
transmission  of  disease  from  one  individual  to  another,  which  can 
be  avoided,  at  least  in  one  direction,  by  selecting  a  healthy  donor. 
The  danger  signs  during  transfusion  arc  cough,  dyspnea,  cyanosis,  car- 
diac oppression,  syncope,  marked  slowing  or  great  rapidity  of  the 
pulse,  and  violent  pains  throughout  the  body,  especially  in  the  lumbar 
region.  If  any  of  these  symptoms  of  incompatibility  appear  the 
transfusion  should  be  stopped  and  a  new  donor  obtained.  After 
transfusion  from  15  to  20  per  cent,  of  the  patients  have  a  chill,  fol- 
lowed by  fever,  urticaria,  erythema,  or  a  similar  eruption. 

Intravenous  infusion  of  salt  solution,  the  preparation  of  which  is 
given  under  '*Tcchnic,"  tinds  its  chief  indication  after  severe  hemor- 
rhages, but  is  used  also  in  shock,  in  toxemic  conditions,  after  vene- 
section, in  order  to  'Svash  the  blood,''  and  as  a  diuretic  when  little 
or  no  urine  is  being  secreted.  The  infusion  apparatus  consists  of  a 
^duated   reservoir  connected  with  a  blunt  beveled  cannula  by 
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means  of  a  rubber  tube.  In  an  emergency  a  fountain  syringe,  or  an 
ordinary  funnel,  and  an  aspirating  needle  may  be  employed.  The 
entire  apparatus  should  be  sterilized  by  boiling,  or  if  sterilized  by 
chemical  means,  all  traces  of  the  antiseptic  should  be  removec 
by  flushing  with  normal  salt  solution  before  use.  The  fluid  may  b( 
injected  into  any  vein  of  sufl&cient  calibre,  but  the  median  basilic  o 
the  internal  saphenous  is  usually  the  most  convenient.  A  bandage  i 
tied  around  the  limb  in  order  to  make  the  veins  prominent,  and  th 
vein  exposed  by  an  incision  and  two  ligatures  of  catgut  passe 
beneath  it.  One  ligature  is  pulled  into  the  lower  angle  of  thewoun 
and  tied.  The  vein  is  then  opened  by  a  transverse  incision,  and  th 
cannula  inserted  after  some  of  the  solution  has  been  allowed  to  flo 
through  it  in  order  to  exclude  air.  The  upper  ligature  should  I 
tied  about  the  cannula  by  the  first  half  of  a  surgeon's  knot,  so  that  j 
the  completion  of  the  operation  it  may  be  tightened  and  secured  by 
second  turn  after  the  cannula  has  been  withdrawn.  The  temperatu 
of  the  fluid  should  be  iio°  F.  in  the  reservoir,  as  it  loses  some  he; 
before  entering  the  vein.  The  amount  injected  will  usually  be  oi 
pint.  If  the  cannula  is  in  the  vein,  and  the  bandage  around  the  lin 
has  been  removed,  the  fluid  flows  readily  with  the  reservoir  elevate 
several  feet  and  no  pumping  apparatus  is  necessary.  At  the  compl 
tion  of  the  operation,  the  wound  is  sutured  and  a  sterile  dressh 
applied.  Intravenous  infusion  may  be  accomplished  also  by  plungii 
a  fine  hollow  needle  through  the  skin,  directly  into  a  vein  that  h; 
been  made  prominent  by  compression.  Kuettner  suggests  introdu 
ing  oxygen  with  the  salt  solution.  *'A  reservoir  is  filled  with  looo  c. 
of  salt  solution,  and  oxygen  allowed  to  flow  in  from  a  tank  until  looc. 
of  the  solution  is  displaced.  The  reservoir  is  then  closed  and  shake 
until  the  oxygen  is  absorbed  by  the  solution."  The  dangers  of  intr 
venous  infusion,  excluding  air  embolism  and  infection,  which  can  1 
prevented  by  proper  technic,  are  hemolysis  if  the  solution  is  hypot 
nic,  salt  poisoning  if  the  solution  is  hypertonic  (vide  infra),  poisonii 
from  the  products  of  dead  organisms  if  stale  water  is  used  to  mal 
the  solution,  acute  dilatation  of  the  heart  and  edema  of  the  lungs  ai 
brain  if  too  much  solution  is  introduced,  and  recurrence  of  bleedii 
if  all  wounded  vessels  have  not  been  secured.  The  chill  whic 
sometimes  follows  intravenous  infusion  is  apparently  harmless. 

H]rpodermocl3rsiSy  or  the  subcutaneous  injection  of  salt  solutio 
and  enterocl3rsiS|  in  which  water  is  introduced  into  the  rectum,  mj 
be  used  to  substitute  or  supplement  infusion  when  time  is  not  i 
element  of  great  importance.  Hypodermoclysis  is  performed  with  tl 
same  precautions  as  intravenous  infusion,  by  introducing  an  aspir 
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lor  needle  into  the  loose  connective  tissue  of  the  buttock,  back, 
abdomen,  or  axilla.  The  needle  is  connected  with  a  reservoir  bv 
means  of  a  rubber  tube,  and  the  reservoir  held  several  feet  above 
the  point  of  insertion  of  the  needle,  so  that  the  fluid  is  slowly  forced 
into  the  tissues,  forming  a  swelling  which  gradually  subsides  as  the 
fluid  is  absorbed.  If  more  than  a  pint  is  injected,  the  needle  should 
be  introduced  in  another  situation;  or,  in  order  to  save  time,  two 
needles,  each  connected  with  one  limb  of  a  Y-shaped  tube  may  be 
employed.  Occasionally  suppuration  or  sloughing  follows,  particu- 
larly in  septic  cases.  Enteroclysis  must  never  be  performed  quickly, 
otherwise  the  fluid  will  be  rejected.  Eight  fluid  ounces  of  water  may 
be  given  every  three  or  four  hours,  in  a  slow  trickle,  so  that  from  20 
1030  minutes  will  be  consumed  during  the  injection;  or  the  con- 
tinuous method  may  be  adopted,  as  described  in  the  section  on  the 
'Treatment  of  Peritonitis."  We  prefer  the  intermittent  plan,  as  it 
is  less  disgreeable  to  the  patient,  and  never  use  salt  solution.  Salt 
solution  when  introduced  in  enormous  quantities  is  not  entirely  free 
from  danger.  As  much  as  48  pints,  which  contains  six  ounces  of 
salt,  has  been  given  in  one  day,  and  this  is  too  much,  especially  in 
riewof  the  case  recently  reported  by  Brooks,  in  which,  after  a  simple 
aH)endectomy,  death  followed  the  injection  of  an  enema  containing 
9  ounces  of  salt,  a  strong  stock  solution  having  been  carelessly 
substituted  by  a  nurse  for  the  physiologic  solution.  A  somewhat 
iiniilar  case  is  reported  by  Campbell :  A  mother  ignorantly  gave  her 
child  an  enema  containing  a  pound  of  salt,  this  was  followed  promptly 
by  thirst,  fever,  purging,  convulsions,  and  death. 

Contusions  of  veins  may  result  in  Assuring  of  the  intima  and 
thrombophlebitis,  particularly  if  the  vein  is  diseased,  as  in  varix. 
The  s\Tnptoms  and  treatment  of  thrombosis  from  injury  are  those  of 
phlebitis.  Sloughing  of  the  vein  and  secondary  hemorrhage  are 
most  frequent  after  infected  gunshSr  wounds. 

Wounds  of  veins  are  classified  like  wounds  of  arteries.  The 
s>Tnptoms  and  treatment  are  given  in  the  section  on  "Hemorrhage.'' 
The  dangers  are  severe  or  fatal  primary  hemorrhage,  air  embolism, 
clot  embolism  (which  if  septic  will  lead  to  pyemia),  phlebitis,  edema, 
gangrene,  and  secondary  hemorrhage. 

Free  venous  transplantation  (usually  the  internal  saphenous  or 
the  external  jugular)  has  been  employed  13  times  to  replace  a  seg- 
ment of  an  artery  (f)opliteal,  femoral,  external  iliac,  axillary,  brachial) 
removed  for  aneurysm  or  tumor,  with  eight  successful  results,  and 
once  with  success  to  reestablish  the  continuity  of  a  vein  (Moure), 
Segments  of  a  vein  have  been  used  also  to  drain  the  lateral  ventricle 

19 
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in  hydrocephalus,  and  the  peritoneal  cavity  in  ascities,  to  act  as  a 
conduit  between  the  ends  of  a  severed  nerve,  to  prevent  adhesions 
after  neurorrhaphy  and  tenorrhaphy,  to  reinforce  the  suture  line 
after  urethrorrhaphy.  Attempts  to  restore  the  urethra,  the  ureter, 
and  the  common  bile  duct  by  a  free  venous  graft  have  failed,  although 
the  urethra  and  Steno's  duct  (q.v.)  have  been  repaired  by  a  pedun- 
culated venous  graft. 

THE  ARTERIES 

Arteritis,  or  inflammation  of  an  artery,  may  be  acute  or  chronic. 
Anatomicallyj  it  may  be  divided  into  periarteritis,  mesarteritis,  and 
endarteritis,  but  as  all  three  coats  are  usually  more  or  less  affected  at 
the  same  time,  this  classification  is  of  little  value. 

Acute  arteritis  may  be  suppurative  (necrotic)  or  productive 
(plastic).  Acute  suppurative  arteritis  results  from  suppurative 
lesions  in  the  neighboring  tissues,  or  from  an  infected  embolus.  In 
the  smaller  vessels  the  process  usually  leads  to  thrombosis,  in  the 
larger  arteries  the  walls  may  give  way  and  serious  hemorrhage 
result.  Secondary  hemorrhage  is  practically  always  due  to  this  cause. 
An  acute  infectious  endarteritis  resembling  malignant  endocarditis, 
with  which  it  is  usually  associated,  has  been  described.  Acute 
productive,  or  plastic  arteritis,  occurs  as  the  result  of  injury  or  the 
lodgment  of  an  embolus,  in  the  absence  of  infection.  It  is  nature's 
method  of  closing  vessels  after  ligation,  torsion,  and  wounds.  The 
yasa  vasorum  dilate,  exudation  occurs,  the  intima  proliferates,  and 
the  clot  becomes  organized,  the  new  connective  tissue  obliterating 
the  lumen  of  the  vessel  (see  "Arrest  of  Hemorrhage")-  Acute 
arteritis,  manifested  by  pain,  tenderness,  and  occasionally  redness 
and  swelling  along  the  course  of  an  artery,  particularly  of  the  lower 
limb,  may  occur  during  the  course  of,  or  just  subsequent  to, 
the  infectious  fevers.  In  these  cases  thrombosis  and  gangrene  may 
develop.  The  treatment  of  acute  arteritis  occurring  in  the  course  of 
infectious  fevers  is  that  of  phlebitis.  The  treatment  of  threatened 
gangrene  from  arterio thrombosis  has  already  been  discussed.  Acute 
suppurative  arteritis  is  seldom  suspected  until  the  occurence  of 
secondary  hemorrhage. 

Chronic  arteritis  (arteriosclerosis,  chronic  endarteritis,  atheroma) 
is  a  chronic  inflammatory  and  degenerative  process  of  the  arterial 
walls.  The  disease  may  involve  the  capillaries  as  well  as  the 
arteries  (arteriocapillary  fibrosis)  and  may  invade  even  the  veins 
(angiosclerosis). 
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The  causes  of  arteriosclerosis  are  old  age,  and  chronic  intoxica- 
tions, among  which  may  be  mentioned  syphilis,  gout,  alcoholism, 
lead  poisoning,  nephritis,  rheumatism,  and  diabetes.  The  increased 
blood  pressure  incident  to  habitual  overeating  and  muscular 
overwork  is  said  to  be  of  etiologic  importance  and  the  disease  is 
sometimes  found  after  acute  infections,  such  as  scarlet  fever,  typhoid 
fever,  and  influenza. 

Arteriosclerosis  may  be  circumscribed  or  diffuse.  In  the  former, 
commonly  seen  in  the  large  vessels,  particularly  the  aorta,  the  deeper 
layers  of  the  intima  proliferate  and  give  rise  to  more  or  less  nodular 
patches,  which  may  become  fibrous,  calcified  (atheromatous  plate),  or 
fatty;  in  the  last  event  a  cheesy  mass  may  be  formed  (atheromatous 
obscess),  which  on  discharging  leaves  a  necrotic  patch  (atheromatous 
uker).  The  middle  coat  of  the  artery  is  invaded  by  the  disease 
and  the  outer  coat  is  thickened.  Diffuse  arteriosclerosis  more  com- 
monly attacks  the  small  vessels.  The  entire  arterial  wall  becomes 
thickened,  and  the  internal  coat  undergoes  fatty  degeneration  (athe- 
foma)  and  may  subsequently  become  calcified. 

Arteriosclerosis  is  recognized  by  increased  arterial  tension,  hyper- 
trophy of  the  heart,  accentuation  of  the  aortic  second  sound,  and  by 
feeling  the  superficial  arteries,  which  are  found  to  be  thickened, 
rigid,  or  even  calcified.  Calcareous  arteries  can  be  demonstrated 
by  the  X-ray. 

Although  the  treatment  belongs  to  the  physician,  the  surgical 
rdatkxDS  of  arteriosclerosis  should  not  be  overlooked.  Chronic 
arteritis  results  (i)  in  dilatation  or  rupture  when  the  degenerative 
changes  in  the  musculoelastic  median  coat  predominate;  (2)  in 
nanowing  or  obUteration  when  the  proliferation  of  the  subendothelial 
layer  is  in  excess  (endarteritis  obliterans) ;  or  (3)  simply  in  loss  of 
elasticity,  without  alteration  of  the  lumen,  when  these  changes  are 
equalized. 

I.  Aneurysm  is  most  frequently  due  to  syphilitic  arteritis. 
Syphilitic  arteritis  attacks  a  series  of  vessels,  a  single  vessel,  or  a 
segment  of  a  vessel,  and  is  sometimes  bilateral;  the  middle  coat  is 
most  aflFected,  being  invaded  with  round  cells,  and  its  fibers  degen- 
erated, atrophied,  or  fragmented;  rupture  may  follow,  as  in  apo- 
plexy, or,  if  only  the  middle  coat  gives  way,  a  scar  results,  which  may 
subsequently  yield  and  form  an  aneurysm;  the  latter  applies  par- 
ticularly to  large  arteries;  the  tendency  in  small  vessels  is  towards 
obliteration.  The  possibility  of  arterial  rupture  should  be  kept  in 
mind  when  attempts  are  made  to  reduce  an  old  dislocation  or  to 
stratghten  a  contracted  joint,  in  an  individual  with  atheroma. 
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2.  Narrowing  of  the  arteries  may  be  responsible  for  many  nutri- 
tional disturbances,  among  which  may  be  mentioned,  as  of  surgical 
interest,  neuralgia,  pancreatitis,  gastric  and  intestinal  ulceration, 
arteriosclerotic  colic,  intermittent  claudication,  and  gangrene. 
Arteriosclerotic  colic  may  simulate  gallstones,  appendicitis,  and  other 
abdominal  affections.  In  advanced  arteriosclerosis  wounds  are 
often  slow  in  healing,  and  in  these  cases  only  urgent  operations  should 
be  performed.  Even  a  trivial  operation  on  the  toe  may  inaugurate 
gangrene,  and  after  enterorrhaphy  necrosis  of  the  margins  of  the 
incision  and  fecal  fistula  are  of  frequent  occurrence.  Primary 
hemorrhage  from  a  narrowed  artery  is  comparatively  slight,  but, 
owing  to  the  danger  of  cutting  through  of  the  ligature,  secondary 
hemorrhage  is  relatively  frequent.  Diseased  arteries  are  predis- 
posed to  thrombosis  from  injury,  hence  the  danger  of  the  Esmarch 
band,  of  Bier^s  treatment,  and  of  tight  bandages  in  those  with 
arteriosclerosis. 

3.  Loss  of  elasticity  in  collateral  arteries  accounts  for  many  of  the 
bad  results  after  ligation,  thrombosis,  and  the  impaction  of  an 
embolus.  Diseased  arteries  may  supply  a  part  with  adequate 
nourishment  when  it  is  at  rest  but  fail  to  dilate  in  response  to  in- 
creased activity,  thus  lack  of  elasticity  in  the  cerebral  vessels  may 
cause  transient  paralysis,  in  the  cardiac  vessels  angina  pectoris, 
in  the  abdominal  vessels  arteriosclerotic  colic,  and  in  the  arteries  of 
the  leg  intermittent  claudication.  The  last  manifests  itself  as 
attacks  of  pain  and  weakness,  especially  in  the  calf,  and  is  a  prodro- 
mal symptom  of  gangrene. 

Injuries  of  arteries  may  be  contusions  or  wounds. 

Contusion  of  an  artery  varies  in  its  results  according  to  the 
violence  of  the  injury  and  the  state  of  the  arterial  walls.  Normal 
arteries,  owing  to  their  elasticity,  are  not  often  seriously  affected  by  a 
contusion  unless  it  be  of  the  severest  grade.  In  atheromatous 
arteries  a  slight  contusion  may  be  followed  by  rupture  of  the  inner 
coats  and  thrombosis,  the  detachment  of  an  atheromatous  plate, 
sloughing  and  hemorrhage,  or  aneurysm;  if  the  artery  be  the  main 
vessel  of  an  extremity  gangrene  may  pnsue.  ^  The  treatment  of 
a  contused  artery  consists  in  absolute  rest,  and  preparations  for  the 
immediate  control  of  hemorrhage  should  it  occur.  In  the  event  of 
thrombosis  prophylactic  measures  against  gangrene  should  be  taken. 
The  treatment  of  thrombotic  gangrene  is  given  in  chap.  ix. 

Traumatic  arterial  stupor  (Viannary)  is  a  localized  contraction 
of  an  artery  due  to  trauma,  resulting  in  temporary  impairment  or 
suppression  of  the  circulation.     No  surgical  treatment  is  required. 
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The  condition  has  been  observed  during  exploratory  operations 
after  severe  injuries. 

Wounds  of  arteries  may  be  incised,  punctured,  gunshot,  or 
lacerated.     Ruptures  of   arteries  also   come   under   this   heading. 
An  incised  wound  is  followed  by  profuse  hemorrhage,  which  is  more 
severe  in   transverse   than   in   longitudinal   and   oblique   wounds. 
Punctured  wounds  produced  by  very  fine  instruments,  such  as  an 
intestinal  needle,  cause  but  little  hemorrhage,  which  is  easily  and 
permanently  controlled  by  pressure  applied  for  a  short  time.     If  the 
opening  is  of  larger  size  the  bleeding  is  copious  and  may  exsanguinate 
the  patient,  or  if  the  wound  in  the  skin  is  closed  by  suture,  clot, 
or  dressing,  a  diflfuse  traumatic  aneurysm  may  develop.    Gunshot 
injuries  are  usually  contusions  or  lacerations,  although  the  modern 
bullet  may  produce  a  clean-cut  wound  and  an  alarming  or  fatal 
hemorrhage.    A  lacerated  wound  involving  the  entire  circumference 
of  an  artery  is  usually  followed  by  slight  hemorrhage,  owing  to  the 
curling  up  of  the  internal  coat,  the  contraction  of  the  middle  coat, 
and  the  prolapse  of  the  stretched  external  coat  over  the  end  of  the 
arter}'.    Secondary  hemorrhage,  however,  is  likely  to  occur  unless 
the  vessel  is  permanently  secured  by  a  ligature.     Partial  lacerations 
do  not  permit  retraction  and  contraction,  hence  spontaneous  hemos- 
tasis  is  uncommon.    Rupture  may  follow  severe  injuries  or  strains, 
particularly  in  the  presence  of  atheroma,  and  the  surgeon  should 
always  have  this  injury  in  mind  when  reducing  an  old  dislocation, 
when  forcibly  straightening  a  contracted  joint,  or  when  giving  ether 
to  an  aged  individual.    Partial  rupture ,  i.e.,  of  the  middle  and  inner 
coats,  may  be  regarded  as  a  contusion.    Complete  rupture  results  in  a 
lacerated  wound.     Unless  the  blood  escapes  through  an  external 
wound  or  into  one  of  the  large  cavities  of  the  body,  a  diffuse  trau- 
fit^ic  aneurysm  (false  traumatic  aneurysm,  arterial  hematoma)  devel- 
ops, the  symptoms  of  which  differ  somewhat  from  those  of  a  true 
aneurysm,  owing  to  the  fact  that  the  effused  blood  forms  a  soft  clot 
which  is  constantly  enlarged  by  the  leaking  artery.     There  is  sudden 
and  acute  pain,   followed   by   rapid  swelling  and,  after  a  time, 
by  ecchymosis  of  the  skin.     The  size  of  the  swelling  is  enormous 
when,  as  in  the  axilla,  the  tissues  are  lax,  and  small  when  growth  is 
restrained  by  dense  fascia,  e.g.,  in  the  palm  and  at  the  bend  of  the 
elbow.    It  is  tense,  seldom  fluctuates,  cannot  be  reduced  by  pres- 
sure, and  owing  to  the  absence  of  a  distinct  wall  is  more  irregular  and 
not  as  sharply  defined  as  a  true  aneurysm.     Pulsation  is  usually 
present,  thrill  and  bruit  often  absent,  but  these  signs  depend  upon  the 
aa  of  the  opening  in  the  artery.    Even  when  the  wound  does  not 
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involve  the  entire  circumference  of  the  artery,  the  pulse  below  may 
be  absent  as  the  result  of  pressure  from  the  elBfused  blood,  and  this 
leads  to  coldness,  numbness,  pallor,  and  partial  paralysis  of  the 
limb.  The  constitutional  symptoms,  which  are  those  of  hemorrhage, 
vary  with  the  amount  of  blood  extravasated.  The  swelling  may 
rupture,  resulting  in  immediate  death;  suppurate  with  the  same 
result;  persist  as  an  aneurysm;  cause  gangrene  by  pressure  on  the 
vessels  of  the  limb;  or  the  blood  may  coagulate,  the  opening  in  the 
vessel  heal,  and  the  clot  be  absorbed  or  organized. 

Dry  wounds  of  arteries  (Fiolle)  attracted  notice  during  the  war. 
Clinically  there  is  no  bleeding,  external  or  internal,  and  no  hema- 
toma, but  later  secondary  hemorrhage  or  an  aneurysm  may  develop. 
Arterial  wounds  without  bleeding  are  due  to  laceration  (vide  supra) ; 
associated  contusion,  extending  some  distance  along  the  vessel  and 
producing  thrombosis;  obturation  of  the  oi>ening  in  the  artery  by  the 
projectile,  a  piece  of  clothing,  a  fragment  of  leather,  or  other  foreign 
body;  or  to  a  concomitant  wound  of  a  vein  and  an  artery,  the  blood 
passing  from  the  artery  into  the  vein  (arteriovenous  aneurysm), 
not  only  because  this  route  presents  the  least  resistance,  but  also 
because  of  the  venous  aspiration. 

The  treatment  of  wounds  of  arteries  is  that  of  hemorrhage; 
ruptures  are  dealt  with  in  the  same  way  as  open  wounds,  after  making 
an  incision  to  expose  the  source  of  bleeding. 

Arterial  varix  corresponds  to  a  varicose  vein,  a  single  artery  is 
dilated,  elongated,  thickened,  and  tortuous.  When  a  number  of 
adjacent  arteries  are  similarly  affected,  the  condition  is  called  cirsoid 
aneurysm.  Cirsoid  aneurysm  (plexiform  angioma,  racemose  aneurysm^ 
aneurysm  by  anastomosis)  is  most  frequently  found  in  the^scalp,  and  less 
commonly  in  the  extremities,  labia  pudendi,  and  spermatic  cord. 
Some  cases  develop  from  a  preexisting  angioma,  some  after  trauma, 
and  some  spontaneously.  It  can  be  mistaken  for  no  other  condition, 
as  the  pulsating  varicose  arteries  are  readily  seen  and  felt.  Thrill  and 
bruit  are  often  present,  and  pressure  on  the  main  feeding  artery 
materially  reduces  the  size  of  the  mass  and  the  force  of  the  pulsation. 
The  skin  is  usually  thinned  and  sometimes  ulcerates,  giving  rise  to 
alarming  hemorrhage.  Excision  is  the  best  treatment,  but  is  often 
impracticable.  Among  other  methods  which  have  been  tried  are 
ligation  or  compression  of  the  main  artery  or  arteries  of  supply, 
galvano-cauterization,  electrolysis,  the  X-rays,  and  the  injection  of 
coagulating  fluids.  When  affecting  the  hand  amputation  may  be 
required. 

Aneurysm  is  a  hollow  tumor  containing  blood  and  communicating 
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with  the  lumen  of  an  artery.  Excluding  the  cirsoid  variety,  which 
has  just  been  described  and  which  is  really  a  form  of  arterial  varix, 
aneurysms  are  divided  primarily  into  the  simple,  or  arterial,  and  the 
atkrmmous.  When  referring  to  the  former,  however,  it  is  cus- 
tomary to  employ  the  term  aneurysm  without  a  quaUfying  adjective. 
The  parts  of  an  aneurysm  are,  (i)  the  sac  wall,  (2)  the  contents, 
and  (3)  the  mouth,  i.  The  sac  wall  is  composed  of  one  or  more  of 
the  arterial  coats  {true  aneurysm)  or  of  condensed  perivascular 
tissues  {false  aneurysm).  As  a  matter  of  fact,  the  walls  of  any. 
aneurysm  of  large  size  consist,  not  of  the  walls  of  the  vessel,  but  of 
fibrous  tissue,  and  even  a  false  aneurysm  which  has  existed  for  any 
length  of  time  may  be  lined  by  a  structure  identical  with  the  intima. 


1.  The  contents  vary  according  to  the  size,  character,  and  duration 
of  the  aneurysm.  At  first  the  contents  are  only  fluid  blood.  As  the 
anetuysm  enlarges,  however,  and  becomes  more  and  more  saccu- 
lated, particularly  if  the  mouth  remains  small  or  is  so  located  as  to 
protect  the  walls  from  the  full  force  of  the  circulation,  the  blood  is 
thrown  into  eddies,  and  this  leads  to  the  separation  of  fibrin,  which 
is  deposited  on  the  interior  of  the  sac  in  concentric  layers  (Fig.  113}, 
the  outer  and  older  layers  being  dry  and  light  in  color,  the  inner  and 
younger  soft  and  red.  Spontaneous  cure  may  be  effected  in  this  way. 
3.  The  mouth  of  the  sac  is  the  portal  through  which  the  blood  enters 
the  aneurysm;  upon  its  size  and. situation  depends  to  a  large  extent 
the  rapidity  with  which  the  aneurysm  enlarges. 

Acccvding  to  whether  the  whole  or  only  portion  of  the  circum- 


296  MANUAL   OF   SURGERY 

ference  of  an  artery  is  involved  an  aneurysm  is  said  to  be  fusiform 
(tubulated)  or  sacculated. 

Fusiform,  or  tubulated  aneurysm,  is  a  dilatation  and  elongation  of  a 
section  of  an  artery.  It  is  most  frequent  in  the  cranium,  the  thorax, 
and  the  abdomen,  and  is  always  spontaneous  in  origin.  Although 
the  walls  are  seldom  coated  with  layers  of  fibrin,  rupture  is  unusual, 
death  generally  being  due  to  pressure  upon  the  surrounding  organs. 

Sacculated  aneurysm  springs  from  the  side  of  an  artery,  rarely 
from  the  side  of  a  fusiform  aneurysm.  There  are  two  forms,  the 
circumscribed,  in  which  the  sac  wall  is  distinct  and  complete,  and  the 
difuse,  in  which  the  blood  has  extravasated  into  the  surrounding 
tissues.  The  latter  is  said  to  be  primitive  when  due  to  rupture  of  an 
artery  {vide  supra),  consecutive  when  due  to  rupture  of  an  aneurysm 
{vide  infra). 

According  to  etiology  aneurysms  are  divided  into  the  traumatic 
and  the  spontaneous. 

Traumatic  aneurysm  may  be  true  qr  false,  but  is  always  saccu- 
lated. True  traumatic  aneurysm  may  result  from  an  arterial  contu- 
sion which  causes  the  inner  coats  to  rupture,  or  from  a  wound  of  the 
outer  coats,  leading  to  a  hernia  of  the  intima  {hernial  aneurysm). 
False  traumatic  aneurysm  follows  a  penetrating  wound  or  a  complete 
rupture  of  an  artery  (see  "Wounds  of  Arteries")- 

Spontaneous,  or  idiopathic  aneurysms,  may  be  congenital  or 
acquired. 

Congenital  aneurysms  are  rare,  and  due  to  defective  development 
of  the  elastic  elements  of  the  arteries,  hence  often  multiple. 

Acquired  spontaneous  aneurysms,  although  occasionally  due  to 
infective  softening  of  the  vessel  walls  from  the  impaction  of  an 
embolus  {embolic  aneurysm),  to  ulceration  of  the  outer  coats  {aneu- 
rysm by  erosion),  or  of  all  the  coats  (e.g.,  when  an  artery  perforates 
into  an  abscess),  are  almost  always  the  result  of  chronic  arteritis 
combined  with  an  increase  in  the  blood  pressure.  As  has  already 
been  pointed  out,  chronic  arteritis,  particularly  the  syphilitic  va- 
riety, causes  marked  degenerative  changes  in  the  musculo-elastic 
tunica  media,  and  this,  especially  in  the  early  stages,  before  compen- 
satory thickening  of  the  intima  occurs,  leads  to  aneurysmal  dilata- 
tion. In  dissecting  aneurysm,  which  is  a  rare  form  confined  almost 
exclusively  to  the  aorta,  the  blood  makes  its  way  through  an  athero- 
matous ulcer  and  dissects  the  outer  from  the  inner  half  of  the  middle 
coat,  forming  a  sort  of  sac,  which  may  again  open  into  the  artery 
through  another  atheromatous  ulcer,  or  rupture  into  the  perivascular 
tissues.     Increase  in  the  blood  pressure,  the  result  of  hypertrophy  of 
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the  heart,  strains,  laborious  occupations,  and  violent  exercise,  is  an 
important  factor  when  combined  with  disease  of  the  arteries,  hence 
the  predisposition  of  the  maie  sex  (7  to  i),  and  of  the  fourth  and  fifth 
decades,  during  which  arteriosclerosis  frequently  begins,  but  during 
Khich  the  bodily  condition  is  such  as  to  lead  to  overexertion. 

The  symptoms  of  aneurysm  are,  (i)  those  peculiar  to  the  aneu- 
rysm itself  and  (2)  those  due  to  pressure,  i.  The  symptoms  peculiar 
kthe  aneurysm  itself  are,  the  presence  of  a  swelling  in  the  line  of  an 
artery;  movability  of  the  tumor,  in  the  absence  of  adhesions,  trans- 
msely  to  but  not  in  the  axis  of  the  artery;  reducibility  on  direct 
pressure  and  fluctuation,  but  only  in  the  early  stages  when  the  walls 
are  thin  and  the  contents  are  fluid;  pulsation  synchronous  with  each 
cardiac  systole  and  expansile 
in  diaracter,  i.e..  in  all  direc- 
tions, so  that  the  palpating 
lingers  are  not  only  lifted  but 
separated;  cessation  of  pulsa- 
tion, with  shrinkageand  soften- 
ing of  the  tumor,  when  proxi- 
mal pressure  is  made  on  the 
arter)-.  distal  pressure  acting 
in  a  reverse  manner;  the  pre- 
sence over  the  sac  and  along 
the  artery  of  a  systolic  bruit, 
which  is  usually  loud  and 
barsh;  occasionally  a  thrill 
corresponding  with  the  bruit; 
and  retardation  of  the  pulse 
below,  due.  not  to  pressure, 
but  to  the  additional  time  con- 
sumed by  the  blood  current  in  passing  through  the  aneurysm,  hence 
almost  a  pathognomonic  sign.  2.  Tiie  pressure  sym pioms  are  similar 
to  those  of  other  tumors.  Pressure  on  the  artery  causes  diminution 
in  the  size  of  the  pulse  distal  to  the  tumor,  hence  enlargement  of  the 
collateral  arteries;  on  the  veins  edema  and  distention  of  their  super- 
ficial branches;  on  the  nerves  pain  and  possibly  paralysis  and  trophic 
disorders;  on  the  muscles  displacement  and  atrophy;  on  the  bones 
ero»on,  severe,  constant,  boring  pains,  and  occasionally  spontaneous 
fracture;  on  the  trachea  dyspnea;  on  the  esophagus  dysphagia;  on  the 
recurrent  laryngeal  ner\-e  change  in  the  voice  and  brassy  cough;  on 
the  cervical  sympathetic  nerve  dilatation  of  the  pupil  and  widening 
of  the  palpebral  fissure,  and  later  contraction  of  the  pupil  and  ptosis 
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(Fig.  114);  on  the  thoracic  duct  inanition;  on  the  phrenic  nerve 
hiccough. 

The  duration  of  aneurysm  is  usually  a  matter  of  some  years, 
spontaneous  recovery  or  death  being  the  natural  termination. 
Spontaneous  recovery  is  rare.  It  may  be  due  to  obliteration  of  the  sac 
with  laminated  fibrin;  to  suppression  of  the  circulation  within  the 
sac,  the  result  of  the  impaction  of  an  embolus  above  or  below  the 
mouth,  or  the  pressure  of  the  aneurysm  itself  on  the  artery;  or  to 
inflammation  of  the  sac.  The  aneurysm  becomes  solid,  and  is 
ultimately  represented  by  a  mass  of  fibrous  tissue.  Death  is  the 
result  of  rupture  of  the  sac,  pressure  upon  important  structures, 
cerebral  embolism,  or  sepsis  from  suppuration  of  the  sac  or  gangrene 
of  the  parts  nourished  by  the  artery. 

Rupture  of  an  aneurysm  is  the  result  of  stretching  and  thinning  of 
the  wall  from  intrasaccular  tension,  or  of  ulceration,  suppuration,  or 
gangrene  of  the  sac.  Rupture  through  the  skin  may  be  immediately 
fatal,  or  death  may  be  deferred  several  days,  the  blood  leaking  from  a 
small  opening  (leaking  aneurysm) ,  which  is  at  times  temporarily  plugged 
by  a  clot.  Rupture  internally,  into  one  of  the  cavities  or  hollow 
organs,  causes  sudden  pain,  symptoms  of  acute  anemia,  and  death. 
If  the  aneurysm  breaks  into  the  esophagus  or  trachea  blood  will  pour 
from  the  mouth.  Rupture  into  the  subcutaneous  tissues  is  an- 
nounced by  severe  pain,  increase  in  the  size  of  the  swelling,  indis- 
tinctness of  its  outline,  diminution  or  disappearance  of  pulsation  and 
bruit  owing  to  coagulation  of  the  blood,  and  cessation  of  the  pulse 
below  the  swelling.  Death  from  acute  anemia  follows,  or  if  the 
surrounding  tissues  restrain  the  blood,  a  consecutive  false  aneurysm 
develops. 

Inflammation  of  the  sac,  when  mild  in  character,  thickens  the  walls 
and  encourages  coagulation  of  the  blood.  In  the  severer  form  there 
is  redness  of  the  skin,  pain,  elevation  of  the  local  temperature,  and 
edema,  the  last  causing  the  aneurysm  to  become  less  distinct  in 
outline.    Suppuration  or  gangrene  of  the  sac  may  follow. 

Gangrene  of  the  parts  distal  to  the  aneurysm  may  be  caused  by 
obliteration  of  the  artery  from  the  pressure  of  the  aneurysm,  from 
the  pressure  of  extravasated  blood  when  rupture  occurs,  from  the 
impaction  of  an  embolus  derived  from  the  aneurysm,  or  from  throm- 
bosis the  result  of  inflammation. 

The  diagnosis  of  anetuysm  may  be  difiicult  or  even  impossible, 
since  pulsation  and  bruit  may  be  absent  in  an  aneurysm,  and  present 
in  other  tumors.  Any  swelling,  whether  pulsating  or  not,  in  the 
line  of  an  artery  must  be  carefully  investigated  for  evidences   of 
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aneurysm.  Perhaps  the  most  frequent  mistake  is  to  take  a  non- 
pulsating  inflamed  aneurysm  at  the  base  of  the  neck  for  an  abscess. 
A  cyst,  tumor,  or  abscess  lying  upon  an  artery  may  be  lifted  with 
each  pulse  beat,  and  cause  a  murmur  by  narrowing  the  artery,  but 
the  pulsation  is  not  expansile,  and  it,  with  the  murmur,  ceases  if  the 
tumor  can  be  lifted,  or  by  posture  made  to  fall  away  from  the  vessel 
(Figs.  115,  116).  Compression  of  the  artery  above  or  below  the 
tmnor  does  not,  as  in  aneurysm,  affect  the  size  and  the  consist- 
ency of  the  swelling,  and  after  removing  the  proximal  compression 
the  first  pulsation  is  of  full  strength,  while  in  aneurysm  it  may  take 
several  pulse  waves  to  distend  the  sac  and  make  the  pulsation  as 
strong  as  it  was  before.  Any  tumor  which  presses  on  an  artery 
may  make  the  distal  pulse  smaller,  but  retardation  is  caused  only 
by  aneurysm,  a  sign  which  becomes  more  evident  after  temporarily 
compressing  the  artery  above  the  swelling;  in  a  non-aneurysmal 
tumor  the  pulse  reappears  at  once,  in  an  aneurysm  several  beats 


Pig.  1 1 5- — Transmitted  pul- 
sation. Tumor  over  artery 
(A).  Arrow  indicates  direc- 
tion of  the  pulsation. 


Pig.  116. — Expansile  pul- 
sation. Aneurysm  spring- 
ing from  artery  (A),  from 
which  it  cannot  be  separated. 
Arrows  indicate  direction  of 
the  pulsation. 


may  be  lost.  The  exploratory  needle  may  sometimes  be  employed 
to  determine  the  contents  of  the  swelling.  The  X-ray  shows  a 
distinct  shadow  in  aneurysm,  the  pulsation  of  which  can  be  observed 
with  the  fluoroscope.  Radiography  is  of  particular  value  for  the 
diagnosis  of  aneurysms  in  the  cranium,  the  chest,  and  the  abdomen. 
Angiomata  and  round-celled  sarcomata  may  have  expansile  pulsa- 
tioD  and  bruit,  but  may  not  correspond  to  the  line  of  an  artery  or 
affect  the  pulse  below.  Pressure  on  the  artery  proximal  to  the  growth 
may  cause  it  to  shrink,  but  not  so  markedly  as  in  aneurysm,  and  it 
may  be  more  irregular,  less  distinct  in  outline,  and  more  variable 
in  consistency;  a  ruptured  or  an  inflamed  aneurysm  also  may  be 
indistinct  in  outline.  In  sarcoma  the  superficial  veins  are  dilated 
over  and  proximal  to  the  growth,  in  an  aneurysm  causing  pressure 
on  the  deep  veins  the  superficial  collaterals  are  most  numerous  distal 
to  the  swelling,  and  the  limb  is  edematous.  The  X-ray  usually 
fails  to  demonstrate  round-celled  sarcoma,  unless  it  has  invaded  osse- 
ous tissue.     A  cervical  rib  or  a  neoplasm  under  an  artery  may  simu- 
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late  an  aneurysm,  but  only  the  artery,  and  not  the  growth  which 
displaces  it,  pulsates.  A  cervical  rib  and  certain  forms  of  neoplasm 
may  be  shown  by  the  X-ray.  Aneurysmal  pain  has  been  mistaken 
for  rheumatism,  neuralgia,  lumbago,  etc. 

The  treatment  of  aneurysm  may  be  medical  or  surgical. 

Medical  treatment  aims  to  decrease  the  blood  pressure  and  in- 
crease the  coagulability  of  the  blood.     It  is  used  as  an  auxiliary  to 
surgical  treatment,  or  when  surgical  treatment  cannot  be  applied. 
TiifneWs  method  consists  in  absolute  rest  in  bed  for  at  least  three 
months,  and  a  daily  diet  of  six  ounces  of  bread,  a  little  butter,  three 
ounces  of  meat,  and  eight  ounces  of  milk.     Among  the  drugs  recom- 
mended are  iodid  of  potassium,  especially  in  syphilitic  cases,  iron, 
acetate  of  lead,  ergotin,  aconite,  veratrum  viride,  and  calcium  chlorid. 
Opium  or  the  bromids  are  used  for  pain,  purgatives  to  thicken  the 
blood  and  prevent  straining  from  constipation.    Venesection  has 
been  employed  when  the  blood  pressure  is  very  high.     Eggs  have 
been  recommended  to  increase  the  coagulability  of  the  blood.    Lan- 
cereaux  reports  good  results  from  the  hypodermatic  injection  of  a 
I  or  2  per  cent,  solution  of  gelatin  in  normal  salt  solution;  about  200 
cc.  are  injected  beneath  the  skin  of  the  thigh  every  ten  days,  until 
from   ten  to  thirty  injections  have  been  given.    As  twenty-three 
deaths   from   tenanus   have    followed    this   method   of   treatment 
(Dieulafoy),  the  gelatin  should  be  thoroughly  sterilized,  or,  better, 
since  its  coagulative  effects  are  not  destroyed  by  digestion,  adminis- 
tered by  mouth.     Gelatin  is  said  to  be  irritating  to  the  kidneys, 
hence  is  contraindicated  in  the  presence  of  renal  disease.     Many 
surgeons  doubt  the  efficacy  of  this  treatment. 

The  surgical  treatment  consists  of  (i)  compression  of  the  artery 
or  the  aneurysm;  (2)  the  temporary  or  permanent  introduction oi 
foreign  bodies;  or  (3)  operative  treatment. 

I .  Compression  of  the  sac  itself  by  bandages,  or  by  flexion  of  the 
limb,  e.g.,  in  aneurysms  at  the  bend  of  the  elbow  or  knee,  and  n%as 
sage  of  the  sac,  with  the  idea  of  occluding  the  artery  with  a  fragment 
of  the  clot,  are  ancient  methods  which  are  apt  to  be  followed  bj 
rupture  or  suppuration  of  the  sac,  or  gangrene  of  the  limb.  Reid\ 
method  of  rapid  cure  by  compression  aims  to  retain  the  blood  in  th< 
sac  until  it  coagulates.  The  patient  is  anesthetized,  and  an  elasti- 
bandage  applied  from  the  extremity  to  the  root  of  the  limb,  exclud 
ing  the  aneurysm,  which  should  be  full  of  blood.  A  tourniquet  i 
then  applied  above  the  band,  and  allowed  to  remain  for  an  hou 
and  a  half,  after  which  it  is  gradually  loosened,  so  as  to  prevent 
sudden  gush  of  blood,  whichinight  wash  away  the  clot.    This  metho* 
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is  occasionally    successful,    but   is   often    followed   by   gangrene. 
Pressure  on  the  artery  feeding  the  aneurysm  may  be  made  by  the  thumb 
[digital  pressure) y  a  method  which  requires  relays  of  assistants,  or 
by  means  of  tourniquets  or  compressors  {instrumental  compression) , 
the  pressure  being  continuous  or  intermittent.     The  skin  should  be 
protected  with  a  piece  of  chamois  and  by  shifting  the  point  of  pres- 
sure, and  the  main  vein  and  nerves  avoided.     Although  some  assert 
that  it  is  not  essential  to  obUterate  the  pulse,  complete  suppression 
of  the  circulation  through  the  sac  gives  the  best  results.     In  the 
intermittent  method  pressure  is  made  for  a  number  of  hours  each  day, 
but  the  patient  allowed  to  sleep  at  night.     In  the  continuous  method 
pressure  is  sometimes  maintained  for  two  or  three  days,  but  if 
coagulation,  which  reveals  itself  by  absence  of  pulsation  and  hardening 
of  the    aneurysm,    does    not   occur   within   thirty-six   hours   the 
method  should  be  abandoned.     As  the  pressure  is  agonizing  to  the 
patient  narcotics  are  required.     Pressure  upon  the  artery  distal  to 
the  aneur>'sm  may  be  employed  as  an  aid  to  proximal  pressure,  or 
incases,  such  as  aneurysm  of  the  root  of  the  carotid,  in  which  proxi- 
mal pressure  cannot  be  applied.     Intermittent  pressure  is  useful  in 
(dilating  the  collaterals  before  the  application  of  a  ligature,  thus 
preventing  gangrene.     The   treatment  of  aneurysm  by  proximal 
pressure  is  successful  in  about  50  per  cent,  of  the  cases  and  is  attended 
by  little  danger,  but  is  tedious,  extremely  painful,  and  is  rapidly 
being  displaced  by  the  operative  methods. 

2.  The  introduction  of  foreign  bodies  into  the  sac  should  be  per- 
formed only  in  inoperable  cases.  Acupuncture  consists  in  the  intro- 
duction of  fine  needles  in  such  a  way  that  they  will  cross  one  another 
and  whip  the  fibrin  from  the  blood;  they  are  withdrawn  after  several 
days.  Macewen^s  method  consists  in  the  introduction  of  a  long 
needle,  with  which  the  whole  lining  membrane  of  the  sac  is  scratched, 
the  idea  being  to  excite  a  mild  inflammation  which  will  cause  the 
walls  to  thicken  and  the  blood  to  coagulate.  Moore's  method  consists 
in  the  introduction  of  a  number  of  yards  of  coiled  steel  wire  through 
a  cannula;  the  wire  assumes  a  spiral  shape  in  the  sac,  and  is  allowed 
to  remain  permanently.  Silk,  horse-hair,  catgut,  and  other  materials 
have  been  used  in  a  similar  way.  Electrolysis  may  be  employed  by 
introducing  two  needles  which  are  insulated  where  they  come  in 
contact  with  the  tissues.  The  points  of  the  needles  are  slightly 
separated,  and  a  constant  current  of  from  5  to  6  milliamperes  passed 
through  the  sac  for  from  one-half  to  two  hours.  A  combination  of 
the  last  two  methods  {Moore-Corradi  method)  has  proven  of  some 
value  in  sacculated  aneurysms  of  the  aorta.     The  author  has  ob- 
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tained  marked  and  lasting  improvement  in  one  case,  and  one  case 
has  been  reported  in  which  cure  apparently  occurred.  From  five 
to  fifteen  feet  of  drawn  gold  wire,  according  to  the  size  of  the  sac,  is 
introduced  through  a  gold  cannula  insulated  with  porcelain,  and 
connected  with  the  positive  pole  of  a  galvanic  battery,  the  negative 
pole  being  applied  to  the  abdomen  or  back.  The  current  is  gradu- 
ally increased,  often  to  80  milliampdres,  and  as  gradually  decreased 
to  zero,  from  forty-five  minutes  to  one  and  one-half  hours  being 
consumed  in  the  process;  the  cannula  is  then  withdrawn,  and  the 
wire  cut  off  close  to  the  skin,  beneath  which  it  is  buried.  The 
method  is  not  without  danger.  Coagulating  injections,  such  as 
Monsel's  solution,  acetate  of  lead,  and  tannin,  have  been  employed 
while  pressure  is  made  upon  the  artery  on  both  sides  of  the  aneurysm. 
The  method  is  not  recommended  in  aneurysms  of  the  extremities, 
which  are  better  treated  by  operative  measures,  and  in  other  cases 
it  may  be  followed  by  very  serious  results  owing  to  the  dislodgment 

of  emboli. 
f|l  3.  Operative  treatment  includes  liga- 

JnT""'^^^^^    tion,  incision,  endoaneurysmorrhaphy,  ex- 

•••7^»«   ^^^'    tirpation,    arterial    anastomosis,    venous 

^^\Mfi'....MAso<m    transplantation  and  amputation. 
l^ff...mRimo^         Ligation  may  be  performed  in  one  of 
■^  ^  five  ways  (Fig.  il^).    A neVs  method  is  liga- 

FiG.  ii7.-Motho(is  of  ligation    ^^^^  immediately  above  the  sac.    Hunief'^ 

for  aneurysm.  ^ 

Operation  is  ligation  above  but  some  dis- 
tance away  from  the  sac,  so  that  anastomotic  branches  exist  between 
the  ligature  and  the  aneurysm;  thus  the  blood  supply  to  the  sac  is 
not  completely  cut  off,  but  is  greatly  diminished,  allowing  contrac- 
tion and  gradual  consolidation.     Although  most  surgeons  prefer  the 
Hunter  to  the  And  operation,  we  believe  the  former  increases  the 
danger  of  recurrence  if  the  anastomotic  branches  between  the  liga- 
ture and  the  aneurysm  remain  pervious,  and  the  danger  of  gangrene 
of  the  limb  if  these  branches  suffer  obliteration.     The  objection 
that  the  artery  is  more  diseased  near  the  aneurysm  is  not  a  valid 
one,  as  the  degenerative  changes  are  often  more  marked  in  the  seg- 
ment which  would  be  ligated  in  the  high  operation.     Proximal  liga- 
tion is  contraindicatcd  when  serious  disease  of  the  heart  or  a  coexist- 
ing internal  aneurysm  is  present,  because  of  the  sudden  rise  of  blood 
pressure  that  follows  ligation  of  a  large  artery;  when  compression  of 
the  feeding  artery  does  not  materially  diminish  the  pulsation;  when 
the  arteries  arc  extensively  diseased;  when  inflammation  is  present; 
when  gangrene  of  the  limb  is  threatened;  and  when  the  bone  is 
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deeply  eroded.  The  accidents  which  may  follow  are  secondary 
hemorrhage,  suppuration  and  rupture  of  the  sac,  gangrene  of  the 
Umb,  and  secondary  aneurysm  at  the  point  of  ligation.  Return  of 
pulsation  in  the  sac  is  observed  in  the  majority  of  cases  after  a  day 
or  two,  owing  to  the  establishment  of  a  collateral  circulation;  in 
favorable  cases  as  the  sac  contracts  this  diminishes  and  finally  dis- 
appears. Pulsation  beginning  a  number  of  days  after  operation 
gCDerally  means  recurrence  of  the  aneurysm.  Pesguin's  method,  or 
Bgation  above  and  below  the  sac,  is  indicated  only  in  cases  which 
ire  better  treated  by  extirpation.  Brasdor's  operation,  or  ligation 
trfthe  artery  distal  to  the  sac,  is  employed  only  ia  cases  in  which  a 
[ffoiimal  ligature  cannot  be  applied,  e.g.,  aneurysm  of  the  root  of 
the  carotid.  Wardrop's  operation  is  hgationof  one  of  the  branches 
d  the  artery  distal  to  the  . 

Bc.e.g..  ligation  of  the  sub-  • 

divian  in  aneurysm  of  the      -■~/'\^  I  \f\^——&HlN 

unoniinate.  ^^^is?^^ »'  v^'0<^i^-^^^^ 

Incision  of  the  sac  ^^^^^^^^aY^^^^ 

bnediod  (rf  Antrlhis) ,  after  ^^O^^^^^^^ —  ^ 

ligating  the  artery  immedi-  ^*^iml 2 

Uely  above  and  below,  is  in-  jmmI i 

dicated  in  the  presence  of  m^^ 

afjpuratioD.     The    sac    is  n^^ 

cleared     of    its    contents,  P"=-  nS.— DiaRram  of  obliterated  sacculated 

_      ,      J        ...  ,    aneurysm,  parent  artery  preserved.     (Matas.)  i, 

packed  with  gauze,  and  Sutm-esclosinB  mouth  of  sac.  2.  Lcmbert  sutures 
tDowed  to  granulate.  reducing    Bi«-    of    s^.      3-  Throuah-and-through 

"  sutures  bringing  roof  and  floor  of  sac  in  contact, 

EodOAIietliySIDOTThaphy   and  ti«l  ova  mil  of  gauze.     4.  Sutures  holding 

(Mcias  operation)  will  prob-  *'^"  '"''  ="' '"  '"""'"  ''**'  ^'"^^  "^  ""'>'■ 
iWy  be  the  operation  of  the  future  in  all  cases  in  which  the  circulation 
trough  the  sac  can  be  provisionally  controlled.  The  circulation  is 
urested  by  means  of  a  tourniquet  or,  when  this  is  impracticable,  by 
xposare  and  compression  of  the  main  artery  on  each  side  of  the 
tneurysm.  The  sac  is  then  opened  and  emptied,  and,  according  to 
he  character  of  the  aneurysm,  an  obliterative,  restorative,  or  recon- 
tmctive  operation  performed.  In  the  obliterative  operation,  which  is 
ndicated  in  a  fusiform  aneurysm,  the  orifices  of  the  sac,  and  of  any 
nllateral  arteries  which  may  open  into  the  aneurysm,  are  sutured  with 
Iromicized  catgut,  but  the  continuity  of  the  artery  is  not  restored. 
Wihtrestoralive  operation,  which  is  applicable  only  to  a  small  mouthed 
Bccular  aneurysm,  the  mouth  of  the  sac  is  sutured  without  imping- 
%  OD  the  lumen  of  the  vessel,  thus  curing  the  aneurysm  without 
aUing  oS.  the  circulation  of  the  limb.     In  either  case  the  walls  of 
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the  sac  with  the  overlying  skin  are  inverted  and  so  sutured  as  to 
obliterate  the  sac  (Fig.  1 18).  Matas  suggests  that  in  certain  fuatorm 
aneurysms  it  may  be  possible  to  reconstruct  the  arterial  channel  by 
suturing  two  folds  of  the  sac  over  a  rubber  catheter,  in  a  maonet 
similar  to  the  formation  of  the  canal  in  the  Witzel  gastrostomy. 
The  catheter  is  removed  before  the  last  sutures  arc  tied.  Even  in 
cases  in  which  the  circulation  through  the  main  artery  is  stopped. 
gangrene  is  less  likely  to  follow  than  after  other  methods  of  operation, 
because  the  collateral  circulation  is  practically  undisturbed.  The 
state  of  the  collateral  circulation  may  be  determined  before  any  of  the 
operations  mentioned  above  by  the  Matas  method  (see  "Indications 
for  Amputation,"  chap.  xxxi). 

Extirpatkm  of  the  sac,  after  ligation  of  the  artery  above  and  beloir. 
is  followed  by  permanent 
cure,  but  in  a  large  aneurysm 
is  a  formidable  operation 
which  may  seriously  interfere 
with  the  collateral  circulation 
and  be  followed  by  gangrene. 
It  is  the  best  operation  for 
aneurysm  of  a  small  arter>'. 
e.g.,  the  radial,  and  maybe 
tried  previous  to  amputation 
in  cases  which  have  recurred 
after  other  methods  of  treat- 
ment, or  in  cases  in  which 
the  sac  has  ruptured  or  is 
inflamed  and  suppurating. 

End-to-end  anastomosis  of  the  arteiy,  after  excising  the  sac.  is 
indicated  in  small  traumatic  aneurysms,  but  in  the  spontaneous  variety 
i.s  less  ajjt  to  succeed,  because  of  the  diseased  state  of  the  arter)'. 
Of  nine  operations  of  this  character  eight  were  successful  (Abalos). 
Venous  transplantation  has  been  performed  in  eleven  cases  in 
which,  after  excision  of  the  sac,  the  interval  between  the  ends  of  the 
artery  was  loo  great  to  permit  end-to-end  anastomosis.  Six  of  the 
patients  recovered.  The  internal  saphenous  or  the  external  jugular 
is  the  best  vein  from  which  to  take  the  transplant. 

Amputation  of  the  limb  is  indicated  in  gangrene,  in  marked 
erosion  or  dissolution  of  a  joint,  in  some  cases  of  rupture,  suppuration, 
or  secondary  hemorrhage,  and  in  a  rapidly  growing  aneurysm  which 
has  resisted  other  means  of  treatment.  AmpuUtion  of  the  arm 
has  been  performed  to  lessen  the  quantity  of  blood  flowing  through  a 
subclavian  aneurysm. 
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Arteriovenous  aneiuysm  (Fig.  119)  is  the  condition  resulting 
from  an  abnormal  communication  between  an  artery  and  a  vein. 
The  traumatic  variety  usually  follows  a  stab  or  gunshot  wound;  the 
spontaneous  variety  is  rare  and  results  from  the  rupture  of  an  arterial 
aneurysm  into  a  vein,  the  aorta  and  vena  cava  being  the  vessels 
most  often  aflfected.  The  artery  may  communicate  directly  with  the 
vein  (aneurysmal  varix)  or  there  may  be  an  intervening  sac  (varicose 
aneurvsm). 

The  important  sjrmptoms  are  pulsation  of  the  vein,  which  becomes 
varicose,  and  a  characteristic  thrill  and  bruit,  the  latter  resembling 
the  buzzing  of  a  fly.  Both  thrill  and  bruit  are  continuous,  but  rein- 
fwced  at  each  cardiac  systole,  and  transmitted  along  the  vein,  both 
centrally  and  peripherally.  Proximal  pressure  on  the  artery,  com- 
pression of  the  intermediary  sac,  or  closure  of  the  arterial  opening 
by  pressure  on  the  vein,  causes  the  swelling  to  shrink,  and  the  thrill, 
bfuit,  and  pulsation  to  cease;  distal  pressure  intensifies  these  signs. 
Edema,  cyanosis,  and  motor,  sensory,  and  trophic  disturbances  are 
of  common  occurrence,  while  in  arteriovenous  aneurysm  of  the  com- 
mon carotid  and  jugular,  headache,  vertigo,  and  other  cerebral 
symptoms  may  appear.  The  condition  may  slowly  advance,  or 
remain  stationary  for  years.  Rupture  is  more  frequent  in  varicose 
ancurj'sm  than  in  aneurysmal  varix. 

The  diagnosis,  even  in  the  absence  of  venous  pulsation,  is  assured 
if  the  characteristic  thrill  and  bruit  are  present.  The  bruit  of  an  art- 
erial aneurysm  is  intermittent,  and,  although  sometimes  propagated 
along  the  artery,  is  never  transmitted  towards  the  heart.  The  venous 
hum,  occasioned  by  pressure  or  anemia,  which  is  at  times  heard  at  the 
wt  of  the  neck,  although  continuous  and  transmitted  towards  the 
leart.  is  intensified,  not  by  cardiac  systole,  but  by  diastole  or  inspira- 
ion.  In  cirsoid  aneurysm  pulsation  is  uniform  and  confined  to  the 
xteries,  thrill  and  bruit  weak  or  absent;  proximal  compression  of 
he  main  artery  does  not  wholly  suppress  these  signs,  and  the  con- 
ition  is  most  frequent  on  the  scalp  and  hand,  where  arteriovenous  • 
oeurysm  seldom  occurs.  The  differential  diagnosis  between  aneur- 
gnal  varix  and  varicose  anuerysm  is  seldom  possible  without  ex- 
lorator>'  incision,  although  a  soft,  oval,  fluctuating,  easily-reducible 
relling  points  to  the  former,  and  a  firm,  irregular,  immobile  tumor 
hich  cannot  be  completely  reduced,  to  the  latter. 

The  treatment  of  aneurysmal  varix  is  the  application  of  an  elastic 
iodage.  If  this  does  not  check  the  progress  of  the  growth,  if  pain 
severe  or  rupture  threatened,  operation  is  demanded.  Varicose 
leuiysm  should  never  be  treated  expectantly.    The  ideal  operation 
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b  separation'of  the  vessels  with  suture  of  the  openings,  thus  preserv- 
ing the  circulation.  We  have  successfully  performed  this  operation 
in  three  instances  (carotid,  brachial,  femoral).  When  suture  of  the 
vessels  is  inapplicable,  extirpation,  after  tying  both  vessels  above  and 
below,  is  the  best  procedure.  Proximal  ligation  of  the  artery,  liga- 
tion of  the  artery  above  and  below,  or  better,  ligation  of  both  vessels 
above  and  below  may  be  indicated  when,  owing  to  dense  adhesions 
or  unfavorable  situation,  extirpation  seems  too  formidable. 

HEMORRHAGE 

Hemorrhage  is  divided,  (i)  according  to  its  cause,  into  spontane- 
ous and  traumatic;  (2)  according  to  the  vessels  injured,  into  arterial, 
venous,  and  capillary;  (3)  according  to  the  time  following  the  injury, 
into  primary,  intermediary,  and  secondary;  and  (4)  according  to  its 
location,  into  external  and  internal. 

I. — Spontaneous  hemorrhage,  non-traumatic ,  is  the  result  (i)  of  ul- 
cerative, degenerative,  or  inflammatory  diseases  of  the  vessel  walls;  (2) 
of  increase  in  blood  pressure,  e.g.,  hypertrophy  of  the  heart,  straining, 
coughing,  vomiting,  and  convulsions;  (3)  of  alterations  in  the  constitu- 
tion of  the  blood,  e.g.,  certain  forms  of  anemia,  notably  progressive 
pernicious  anemia  and  leukemia,  snake  bite,  phosphorous  posioning, 
malaria,  yellow  fever,  jaundice,  scurvy,  septicemia,  and  purpura 
hemorrhagica;  and  (4)  of  obscure  nervous  influences,  e.g.,  hysteria, 
vicarious  menstruation,  and  certain  other  nervous  conditions.  The 
cause  of  bleeding  in  hemophilia  is  not  known.  Traumatic  hemorrhage 
is  the  result  of  wounds  of  vessels,  or  of  contusions  which  weaken  the 
vessel  wall  and  are  followed  by  rupture. 

2. — In  arterial  hemorrhage  the  blood  is  bright  red,  and  is  pumped 
from  the  vessel  in  spurts  synchronous  with  the  cardiac  systole.  Il 
oxygenation  of  the  blood  is  deficient  from  any  cause,  the  blood  may 
be  dark  in  color,  e.g.,  in  deep  narcosis  and  asphyxia.  Pressure  on 
the  artery  between  the  wound  and  the  heart  stops  the  bleeding, 
unless  the  collateral  circulation  is  well  developed;  pressure  distal  to 
the  wound  augments  the  bleeding  only  when  the  artery  is  incom- 
pletely severed.  In  venous  hemorrhage  the  blood  is  dark  in  color  and 
flows  in  a  steady  stream.  Bleeding  from  the  central  end  of  a  severed 
vein  soon  ceases,  unless  the  valves  are  incompetent  or  absent,  or 
unless  a  large  branch  opens  into  the  vein  between  the  wound  and  the 
next  valve  above.  Pressure  on  the  vein  below  the  wound  checks  the 
bleeding;  proximal  pressure,  if  the  wound  is  lateral,  increases  the 
bleeding.  The  opposite  is  true,  however,  when,  as  in  certain  varices, 
the  circulation  is  reversed.    The  application  of  a  tourniquet  to  the 
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limb  above  the  wound  makes  the  bleeding  worse,  unless  the  con- 
striction is  tight  enough  to  compress  the  arteries,  when  the  bleeding 
will  cease,  after  the  peripheral  segment  of  the  vein  and  its  tributaries 
have  emptied  themselves.  Capillary  hemorrhage  is  characterized 
by  a  general  oozing  of  blood.  The  term  parenchymatous  is  sometimes 
applied  to  a  free  general  oozing  from  all  the  vessels. 

3. — Primary  hemorrhage  occurs  at  the  time  of  injury.    Inter- 
mediary,   reactionary,  recurrent,  or   consecutive  hemorrhage  is  the 
bleeding  which  recurs  within  twenty-tour  hours  of  the  cessation  of 
primary  hemorrhage.     It  is  due  to  the  cutting  through  (in  friable, 
inflammatory,  or  neoplastic  tissue,  or  in  atheroma),  slipping  off, 
untying,  or  breaking  of  a  ligature;  to  neglect  of  tl^e  distal  end  of  a 
se\-ered  artery,  which  may  start  to  bleed  only  after  the  collateral 
vessels  have  dilated;  to  dislodgment  of  a  clot  as  the  result  of  restless- 
ness (local  or  general) ;  or  to  the  washing  of  coagula  from  the  ends  of 
the  vessels  as  the  result  of  increased  blood  pressure  coincident  with 
reaction  from  shock.    Secondary  hemorrhage  occurs  after  twenty- 
four  hours.     It  may  be  due  to  the  causes  mentioned  above,  but  is 
usually  the  result  of  infection,  which  opens  the  vessels  by  ulceration 
or  sloughing,  by  breaking  down  the  coagulum,  or  by  disintegrating 
an  absorbable  ligature.     Secondary  hemorrhage  of  the  septic  type  is 
often  delayed  for  a  week  or  longer,  and  usually  manifests  itself  by 
repeated  bleedings,  which  are  at  first  slight,  but  grew  progressively 
more  copious.    The  patient  must  never  be  treated  expectantly,  even 
though  the  bleeding  is  slight  or  has  ceased,  becaused  it  is  almost 
certain  to  begin  again. 

4. — In  external  hem<irrhage  the  blood  escapes  from  an  external 
wound.  In  internal  hemorrhage  it  accumulates  in  the  tissues  (extrav- 
asation, diffuse  traumatic  aneurysm),  in  one  of  the  cavities  of  the 
body  (hematocele) ,  or  in  one  of  the  hollow  viscera.  Various  other 
names  are  applied  to  hemorrhage  according  to  its  location,  such  as 
epistaxis  (nose  bleed),  hematemesis  (vomiting  oi  blood),  metrorr- 
hagia (uterine  hemorrhage  between  the  menses),  hemothorax 
(bleeding  into  the  pelural  cavity),  etc. 

The  c<mstitutional  symptoms  of  acute  hemorrliage  are  rapid,  feeble, 
easily  obliterated,  dicrotic  pulse;  subnormal  temperature  with  cold, 
clammy  skin;  increased  and  frequently  irregular  respirations  with 
dyspnea  {air  hunger) ;  marked  pallor  of  the  skin  and  mucous  mem- 
ranes;  failing  sight  and  dilatation  of  the  pupils;  ringing  in  the  ears 
{tinnitus  aurium);  restlessness,  and  great  anxiety;  muscular  twitch- 
ing or  convulsions;  thirst,  and  sometimes  nausea,  vomiting,  or  de- 
finum;  recurring  attacks  of  vertigo  or  syncope;  and  finally,  in  fatal 
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cases,  collapse  and  death.    These  symptoms  vary  in  frequency  and 
intensity  according  to  the  amount  of  blood  lost  and  the  rapidity  with 
which  such  loss  takes  place.     The  most  important  symptoms  are  a 
rising  pulse,  a  falling  temperature,  and  increasing  pallor.     It  should 
be  noted,  however,  that  the  pulse  may  be  slow  in  intracranial  hem- 
orrhage, owing  to  cerebral  compression;  in  intrapericardial  hem*      ] 
orrhage  owing  to  pressure  on  the  heart ;  and  in  some  cases  of  rupture 
of  the  liver,  owing  to  biliary  absoprtion;  and  that  the  temperature 
may  be  high  in  pontine  hemorrhage.     Pallor  in  the  negro  is  detected 
by  inspecting  the  conjunctivae  and  the  mucous  membrane  of  the  lips. 
A  sudden  violent  hemorrhage  may  cause  death  in  a  few  seconds, 
small  but  repeated  bleedings  may  not  effect  the  same  result  for  years. 
It  is  said  that  loss  of  half  of  the  blood  (the  total  amount  of  blood  is  an 
eighth  of  the  body  weight)  usually  causes  death.     The  effects  ol 
hemorrhage,  however,  are  much  greater  in  infants,  in  the  aged,  and 
in  the  debilitated,  and  much  less  in  the  plethoric,  and  in  w^omen 
during  parturtion  after  a  severe  hemorrhage.     Reaction  is  attended 
by  a  slight  rise  in  temi>erature  {hemorrhagic  fever) ,  the  result  of  nervous 
influences  or  the  absorption  of  fibrin  terment.     There  is  sometimes  a 
low  form  of  delirium,  and  as  the  result  of  the  asthenia,  the  patient  is 
predisposed  to  infective  processes.     Although,  owing  to  the  contrac- 
tion of  the  vessels  and  the  absorption  of  fluids,  the  blood  pressure  is 
quickly  restored,  the  number  of  red  cells,  the  amount  of  hemoglobin, 
and  the  specific  gravity  and  coagulation  time  of  the  blood  are  reduced, 
while  the  number  of  leukocytes  is  increased  for  a  number  of  days,  no 
doubt  the  result  of  the  large  quantity  of  lymph  taken  up  by  the 
circulation  at  this  time. 

The  most  important  symptoms  of  chronic  Itemorrhage,  i.e.,  fre- 
quently repeated  small  bleedings,  are  pallor,  rapid  dicrotic  pulse, 
dyspnea,  hemic  murmurs  over  the  heart,  edema  of  the  face  and  feet, 
predisposition  to  syncope  on  slight  exertion,  and,  as  pointed  out 
above,  the  blood  changes  of  secondary  anemia. 

Natural  arrest  of  hemorrhage  may  be  only  temporary,  or  it  many 
be  permanent.  Teinporary  hemosiasis  is  effected  in  the  following 
manner:  A  severed  artery  retracts  within  its  sheath  because  of  its 
elasticity;  its  orifice  is  diminished  in  size  by  contracliofi  of  the  trans- 
verse muscular  fibers  in  the  media,  by  a  curling  up  of  the  intima,  and 
by  the  pressure  of  the  perivascular  tissues,  and  as  the  result  of  the  fall 
in  blood  pressure  and  the  increased  cogulability  of  the  blood  conse- 
quent upon  hemorrhage,  a  clot  {external  coagulum)  gradually  forms 
in  and  around  the  sheath,  until  it  is  sufficiently  firm  to  resist  the 
diminishing  force  of  the  circulation.     The  bleeding  is  now  checked » 
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and  coagulation  proceeds  within  the  vessel  {internal  coagulum)  until, 
in  some  cases,  the  first  collateral  branch  is  reached.  This  clot  may 
be  washed  out  with  the  increase  in  the  force  of  the  heart  during  the 
reaction  from  shock,  hence  over-stimulation  should  be  avoided. 
After  wounds  of  veins  the  process  is  much  the  same,  although  for  the 
reasons  pointed  out  under  thrombosis,  coagulation  occurs  more 
promptly.  Capillary  bleeding  soon  ceases  as,  owing  to  the  minute 
size  of  the  vessels,  the  smallest  coagula  readily  fill  their  orifices. 
Permanent  hemostasis  is  the  result  of  displacement  of  the  internal  clot 
by  fibrous  tissue,  the  changes  being  those  already  described  under 
"Repair."  For  the  fate  of  extra vasated  blood  see  section  on 
"Contusions." 

Delayed  hemostasis ,  in  addition  to  the  conditions  mentioned  under 

"Spontaneous  Hemorrhage,"  may  be  due  to  a  large  wound  in  the 

tissues  over  the  injured  vessel,  the  tissues  offering  no  obstacle  to  the 

free  escape  of  blood;  an  incised  wound,  or  incomplete  division,  of  a 

vessel,  the  latter  preventing  contraction  and  retraction;  gaping  of  a 

vessel  because  of  rigidity  of  its  walls,  as  in  varix,  or  because  of  its 

attachment  to  environing  structures,  such  as  is  normally  the  case 

with  vessels  in  bones  and  in  the  scalp,  with  viens  at  the  root  of  the 

neck,  and  with  the  cranial  sinuses;  infection  of  the  vascular  walls; 

increased  blood  pressure  from  plethora,  inflammation,  congestion, 

restlessness,  cardiac  stimulants,  transfusion,  or  the  introduction  of  salt 

solution  into  the  circulatory  apparatus;  diminished  coagulability  of 

the  blood  the  result  of  the  ingestion  of  ammonia,  acid  fruit  juices,  or 

large  quantities  of  water,  inhalation  of  oxygen,  restriction  of  food  or 

lime  salts,  vegetarian  diet,  smoking  tobacco,  hyperthyroidism,  leech 

bite,  or  the  injection  of  hirudin  (leech  extract) ;  or  to  motion  of  the 

part,  which  may  prevent  the  formation  of,  or  dislodge  a  clot. 

Accelerated  hemostasis  may  be  due  to  a  long  narrow  wound  in  the 
perivascular  tissues;  a  contused  or  lacerated  wound  of  a  vessel,  which 
increases  contraction  and  retraction;  atheroma,  owing  to  the  small 
calibre  of  the  vessel  and  the  roughened  intima;  decreased  blood 
pressure,  particularly  that  due  to  shock  or  hemorrhage;  increased 
coagulability  of  the  blood  the  result  of  asphyxia,  hypothyroidism, 
the  puerperium;  certain  forms  of  anemia  (distinctly  that  due  to 
hemorrhage) ;  the  ingestion  of  large  quantities  of  milk,  small  quanti- 
ties of  water,  or  the  medicaments  listed  below  in  the  paragraph  on 
styptics;  or  to  immobility  of  the  injured  part. 

The  dJagnosis  of  hemoirrhage  is  attended  with  difficulty  only 
vhcn  the  bleeding  is  internal;  it  is  then  most  likely  to  be  mistaken 
ior  shock  (q.v). 
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The  treatment  of  hemorrhage  is  constitutional  and  local.  The 
constitutional  treatment,  which  is  that  of  shock  (q.v.),  should  be 
instituted  while  measures  are  being  taken  to  control  the  bleeding, 
and  not  before,  because  of  the  danger  of  increasing  the  loss  of  blood. 
The  local  treatment  embraces  (i)  cold,  (2)  heat,  (3)  elevation,  (4) 
styptics,  (s)  compression,  (6)  acupressure,  (7)  forcipressure,  (8) 
torsion,  (9)  ligation,  and  (10)  suture  of  the  vessel. 

1.  Cold  in  the  form  of  ice,  cold  water,  or  evaporating  lotions  will 
hasten  the  arrest  of  hemorrhage  from  small  vessels,  but  should  not 
be  used  in  open  wounds,  because  of  the  danger  of  sepsis.  Exposure 
of  a  wound  to  air  facilitates  coagulation  partly  as  the  result  of  the 
lowered  temperature.  The  i<ie  bag  is  frequently  employed  in 
internal  hemorrhages  not  suitable  for  operation. 

2.  Heat  in  the  form  of  hot  water  (120°  to  150*^  F.)  is  sometimes 
useful  as  a  hemostatic;  it,  like  cold,  stimulates  the  muscular  fibers  of 
the  vessels  to  contract.  Warm  water  relaxes  these  fibers  and  encour- 
ages bleeding.  The  actual  cautery  should  rarely  be  employed,  as  it 
causes  sloughing,  which  interferes  with  the  healing,  and  predisposes 
to  secondary  hemorrhage.  When  used,  it  should  be  at  a  dull  red 
heat;  if  bright  red  it  cuts  like  a  knife  and  does  not  stop  bleeding. 
Electrohemostasis,  in  which  the  tissues  to  be  divided  during  an  opera- 
tion are  crushed  with  special  forceps  and  baked  with  an  electric 
current,  possesses  no  advantages  over  the  ligature. 

3.  Elevation  alone  may  stop  hemorrhage  from  the  larger  veins; 
it  is  especially  applicable  in  bleeding  from  the  extremities. 

4.  Styptics,  such  as  antipyrin,  Monsel's  solution  (cotton  contain- 
ing Monsel's  salt" is  called  styptic  cotton),  alcohol,  turpeiitine,  tannic 
or  gallic  acid,  silver  nitrate,  alum,  sodium  chlorid,  vinegar,  chlorid  of 
zinc,  and  tincture  of  matico,  are  seldom  applied  to  a  wound  by  the  sur- 
geon, as  most  of  them  produce  a  tough  coagulum  which  interferes  with 
healing.  Adrenalin  chlorid,  however,  contracts  the  vessels,  and  is  fre- 
quently employed,  particularly  in  bleeding  from  mucous  membranes. 
It  may  be  applied  by  a  swab  or  as  a  spray  in  the  strength  of  from  i 
to  1,000  to  I  to  io,oco.  At  least  one  case  of  poisoning  has 
resulted  from  its  use  locally;  when  administered  internally  for  a  long 
time  it  is  said  to  cause  arteriosclerosis.  Gelatin,  5  to  10  per  cent.,  in 
normal  salt  solution  (Carnot^s  solution),  has  been  used  locally  as  a 
hemostatic;  reference  has  already  been  made  to  the  importance  of 
having  it  absolutely  sterile  and  to  its  use  internally.  Among  the 
other  agents  which  increase  the  coagulability  of  the  blood,  or  con- 
tract the  vessels,  when  taken  internally,  are  turpentine,  oil  of  erigeron, 
stypticin,  cephalin,  magensium  carbonate,  opium,  dilute  sulphuric 
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acid,acetate  of  lead,  ergot,  hamamells,  pituitrin,  and  chlorid  of  cal- 
dum.  Chlorid  of  calcium,  gr.  x,  t.i.d.,  is  frequently  employed  to 
increase  the  coagulability  of  the  blood  previous  to  operation  incases  of 
dironic  jaundice.  The  injection  of  alien  blood  serum  or  transfusion 
of  blood  is  of  particular  value  in  hemophilia  (q.v.).  Kocher  and 
Fonio  suggest  coagulin  as  a  hemostatic  agent.  It  is  a  grayish  powder 
made  from  the  blood  platelets  of  animals,  and  can  be  dusted  on 
wounds,  or  used  in  a  solution;  in  the  latter  instance  the  fluid  may  be 
boiled  for  one  or  two  minutes  for  the  purpose  of  sterilization,  and  can 
be  mjected  intravenously.  Radiotherapy  and  electrolysis  are 
sometimes  employed  to  check  uterine  bleeding. 

(5)  Ccmipression  may  be  direct  or  indirect,  i.e.,  upon  the  ends  of 
the  divided  vessel,  or  upon  the  vessel  some  distance  from  the 
wound. 

Direct  compression  may  be  made  with  the  fingers,  or  with  tamp- 
ons, compresses,  or  pads.     The  ultimate  principle  of  all  hemostatic 
agents  is,  of  course,  pressure  in  some  form.     Direct  digital  compression 
will  control  the  most  violent  hemorrhage  from  any  part  of  the 
drculatory  apparatus,  and  is  to  be  employed  in  an  emergency  until 
more  permanent  hemostasis  can  be  secured.     Capillary  hemorrhage, 
or  a  general  oozing  from  small  arterioles  and  venules,  is  quickly 
diecked  by  the  pressure  of  aseptic  gauze  which  has  been  steeped 
in  hot  water.     Firm  gauze  packing  will  control  any  venous  and  many 
forms  of  arterial  bleeding.     The  graduated  compress,  which  is  made 
of  layers  of  gauze  successively  increasing  in  size  from  below  upwards, 
so  as  to  form  an  inverted  pyramid  or  cone,  was  at  one  time  used  to 
control  arterial  hemorrhage  in  regions  in  which  incisions  to  expose 
the  woimded  vessels,  e.g.,  the  palmar  arches,  might  injure  important 
structures.     The  pressure  exerted  on  oozing  points  by  the  apposition 
of  a  wound  with  sutures  or  sterile  adhesive  strips  is  frequently 
sufficient   to  control  bleeding,   especially  when   such  pressure   is 
reinforced  by  a  firm  bandage.     Bleeding  from  bone  may  be  controlled 
by  plugging  the  openings  with  antiseptic  wax,  catgut,  filaments  of 
gauze,  pieces  of  crushed  muscle,  or  fragments  of  bone  produced  by 
striking  the  bone  with  the  blunt  end  of  a  chisel;  a  large  canal  may  be 
filled  with  a  bit  of  sterilized  wood.     In  the  rectum  pressure  may  be 
made  by  introducing  and  inflating  a  rubber  bag,  e.g.,  the  colpeurynter. 
The  shirted  cannula  {cannula  a  chemise)  is  used  after  lithotomy,  to 
make  pressure  and  maintain  drainage  (Fig.  120) ;  the  shirted  portion 
is  stu£fed  with  gauze.     In  bleeding  from  a  tooth  socket  the  cavity  may 
be  packed  with  gauze  containing  an  astringent,  and  the  pressure  aug- 
mented by  bandaging  the  jaws  tightly  shut.     In  the  urethra  pressure 
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may  be  effected  by  inserting  a  large  sound,  or  in  the  deep  urethra  by 
compressing  the  perineum.     In  oozing  from  the  brain  small  particles 
of  the  temporal  muscle  may  be  plastered  on  the  bleeding  points; 
this  not  only  obstructs  the  orifices  of  the  vessels  but  probably  has 
also  a  styptic  effect ;  the  same  principle  may  be 
used  elsewhere.     Wounds  of  parejuhymaKms 
organs  in  the  abdomen  have  been  covered  with 
a  free  transplant  of  fascia,  or  stuffed  with 
omentum,  muscle,  or  fat,  held  in  place  with 
sutures.     Other  forms  of  direct  pressure,  \iz. 
acupressure,  forcipressure,   ligation,   etc.,  are 
dealt  with  later.    Indirect  pressure  is  employed 
chiefly  to  control  bleeding  until  more  permanent 
measures  can  be  applied,  or  to  prevent  hemor- 
rhage during  operations.     In  the  limbs  a  tourni- 
quet (Fig.  i2i),  applied  above  the  wound,  is 
the  most  reliable  procedure;  in  an  emergency 
a  belt,  a  pair  of  suspenders,  or  a  handkerchief 
may  be  tied  about  the  limb,  and  tightened  by 
pushing  a  stick  beneath  the  band  and  twisting 
it.    A  tourniquet  should  be  apphed  above  the 
elbow  or  knee,  as  the  vessels  in  the  forearm  and  leg  are  protected 
by  bones  and  not  so  readily  compressed.     The  dangers  of  the  tourni- 
quet, which  are  greater  when  the  touriuquet  is  applied  to  the  arm 
than  when  applied  to  the  thigh,  are  injury  to  the  nerves  and  soft 


tissues,  especially  if  the  limb  is  moved  about;  contusion  or  rupture 
of  the  artery,  particularly  in  atheroma ;  and  gangrene  if  the  touriquet 
is  left  in  place  for  several  hours.  A  disadvantage  is  the  increased 
oozing  of  blood  following  the  removal  of  the  tourniquet.    In  opera- 
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tions  the  vessel  may  be  compressed  at  a  distance  by  a  clamp,  tape, 
or  the  fingers  of  an  assistant.    Farced  flexion  is  seldom  employed  at 
the  present  time;  a  pad  is  placed  in  the  popliteal  space,  groin,  or 
bend  of  the  elbow,  and  the  limb  secured  in  strong  flexion  by  means 
of  a  bandage.     Indirect  digital  compression ^  although  lacking  the  dis- 
advantages of  the  tourniquet,  calls  for  a  strong,  skilled  hand  and,  if 
pressure  must  be  continued  for  a  long  time,  relays  of  assistants.     The 
common  cartoidy  the  vertebral,  and  the  inferior  thyroid  arteries  may 
be  compressed  against  the  transverse  process  of  the  sixth  cervical 
vertebra  {Chassaignac^s  tubercle)  at  the  anterior  margin  of  the  sterno- 
mastoid ;  the  facial,  against  the  lower  jaw  just  in  front  of  the  masseter ; 
the  labial  and  coronary,  by  grasping  the  lip  at  the  angle  of  the  mouth 
between  the  fingers;  the  temporal,  against  the  zygoma  immediately 
in  front  of  the  ear;  the  occipital,  against  the  skull  about  midway 
between  the  mastoid  process  and  the  external  occipital  protuberance; 
the  subclavian,  against  the  first  rib,  by  the  thumb,  or  by  the  padded 
handle  of  a  door  key,  pressed  downward,  backward,  and  inward 
just  behind  the  clavicle  and  to  the  outer  side  of  the  sternomastoid ; 
the  axillary,  against  the  head  of  the  humerus  at  the  irmer  border  of 
the  coraco-brachialis,  with  the  arm  raised  to  a  right  angle;  the 
brachial,  against  the  humerus  at  the  inner  edge  of  the  biceps;  the 
radial,  at  the  wrist,  just  outside  of  the  flexor  carpi  radialis;  the  ulnar, 
in  the  same  situation,  just  outside  of  the  flexor  carpi  ulnaris;  the 
abdominal  aorta,  if  the  patient  is  not  too  stout,  against  the  vertebrae 
on  a  le\'el  with  and  just  to  the  left  of  the  umbilicus;  the  external 
iliac,  against  the  brim  of  the  pelvis,  above  the  middle  of  Poupart  's 
ligament ;  the  common  femoral^  immediately  below  Poupart 's  ligament 
by  pressing  upwards  and  backwards  midway  between  the  symphysis 
pubis  and  the  anterior  sui>erior  spine  of  the  ilium;  the  popliteal, 
against  the  femur  a  trifle  to  the  inner  side  of  the  middle  of  the 
popliteal  space;  the  anterior  tibial,  midway  between  the  two  malleoli; 
the  posterior  tibial,  half  an  inch  behind  the  tip  of  the  internal  mal- 
leolus.    WTien  there  is  danger  of  secondary  hemorrhage,  the  point 
for  compression  may  be  marked  with  ink  or  iodin,  so  that,  in  the 
event  of  bleeding,  the  nurse  may  press  on  the  right  spot  at  once. 
It  is  much  better,  however,  in  such  cases,  to  apply  an  Esmarch  band 
loosely  to  the  limb;  if  hemorrhage  occurs  the  band  can  then  be. 
tightened  without  regard  to  the  situation  of  the  artery. 

(6)  Aciqiressure  is  rarely  employed,  (i)  A  long  needle  may 
be  pushed  into  the  tissues,  then  over  the  vessel,  and  again  into  the 
tissues^  in  the  same  way  that  one  fastens  a  flower  to  the  lap>el  of  a 
coat;  (2)  the  needle  may  be  passed  into  the  tissues  on  one  side  of 
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the  vessel,  twisted  i8o°,  and  reinserted  into  the  tissues;  or  (3)  the 
needle  may  be  thrust  under  the  vessel,  and  wire  or  silk  passed  over 
the  ends  of  the  needle  in  a  figure-of-8  fashion. 

(7)  Forcipressure,  or  the  crushing  of  the  end  of  the  vessel  with 
hemostatic  forceps,  is  frequently  employed  with  very  small  vessels. 
thus,  many  of  the  little  bleeding  points  caught  with  hemostatic 
forceps  during  an  operation  require  no  further  attention  after  the 
forceps  have  been  removed  at  the  end  of  the  operation.  When 
ligation  is  very  difficult  and  the  vessel  large,  the  forceps  may  be 
left  in  place  for  twenty-four  or  forty-eight  hours,  being,  of  course, 
protected  with  sterile  dressings.  Forcipressure  before  ligating  en 
masse  renders  bleeding  from  shrinkage  of  the  tissues  much  less 
likely  to  occur.  Very  powerful  forceps  {vasotribe,  or  angioiribe)  are 
sometimes  used  for  this  purpose,  and  some  surgeons  do  not  even 
ligate  after  removing  the  instrument. 

(8)  Torsion  is  useful  in  certain  plastic  operations  where  the 
presence  of  knotted  ligatures  is  undesirable.  It  should  not  be  used 
in  cases  of  atheroma.  Free  torsion  is  the  twisting  of  a  vessel  several 
times  after  the  application  of  hemostatic  forceps;  it  is  used  chiefly 
for  small  vessels.  Larger  vessels  are  occluded  by  limited  torsion;  the 
artery  is  drawn  from  its  sheath  with  a  pair  of  forceps,  grasped  close 
to  the  tissues  with  a  second  pair,  then  twisted  with  the  first  forceps. 
Torsion  ruptures  the  inner  and  middle  coats,  which  contract  and 
curl  up,  and  twists  the  outer  coat;  the  end  of  the  vessel  should  never 
be  twisted  oflf. 

(9)  Ligation  is  the  method  of  choice  when  dealing  with  vessels 
large  enough  to  be  seen  by  the  naked  eye.  Catgut  is  the  material 
usually  employed,  although  with  very  large  arteries  or  with  thick 
pedicles  many  surgeons  prefer  silk.  Ligation  may  be  total,  or 
circumferential,  when  the  vessel  is  occluded  by  the  ligature,  or 
lateral  when  a  wound  in  the  side  of  a  vessel  is  closed  without  inter- 
rupting the  circulation.  A  circumferential  ligature  is  applied  to  the 
bleeding  end  of  a  vessel  (terminal  ligation) ,  or  to  the  vessel  some 
distance  from  the  wound  {ligation  in  continuity,  p.  319).  In  the 
former  the  end  of  the  vessel  is  seized  with  hemostatic  forceps,  drawn 
a  little  from  its  sheath,  when  such  exists,  and  the  ligature  tied  above 
tihe  forceps  in  a  reef  knot.  If  catgut  is  used,  a  third  knot  always 
should  be  added.  As  it  is  difficult  to  catch  small  vessels  without 
including  a  little  of  the  surrounding  tissue,  the  forceps  should  be 
removed  as  the  first  knot  is  tightened,  otherwise  the  ligature  may  slip 
off  when  the  forceps  are  removed.  A  suture-ligature  (Fig.  123)  is 
one  passed  through  the  tissues  about  an  artery  by  means  of  a  needle. 
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It  is  used  in  dense  tissues  from  which  the  vessel  cannot  be  drawn; 
in  necrotic  tissues  and  in  atheroma  in  order  to  prevent  cutting 
through  of  the  ligature;  in  tissues  like  the  dura,  mesentery,  and 
omentum;  and  in  any  region  in  which  there  is  danger  of  slipping 
of  the  ligature.  A  lateral  ligature  is  one  applied  to  the  side  of  a 
vessel,  generally  a  vein,  after  the  edges  of  the  wound  have  been 
drawn  up  in  the  form  of  a  cone  with  hemostatic  forceps  (Fig.  124). 
In  order  to  insure  against  slipping  the  ligature  may,  by  means  of  a 
fine  needle,  be  passed  through  the  venous  wall  on  each  side  of  the 
forceps.  The  efects  of  a  ligature,  when  it  is  tied  tightly,  are  rupture 
(rf  the  inner  and  middle  coats,  which  retract  and  invert,  and  the 
formation  of  a  small  thrombus,  which  is  finally  replaced  by  fibrous 
tissue.  Atheromatous  arteries  and  very  large  arteries,  e.g.,  the 
nbdavian  and  iliac,  should  be  tied  only  firmly  enough  to  approxi- 
mate the  walls,  without  rupturing  the  intima,  else  the  ligature  may 
cut  through,  or  the  vessel  may  dilate 
and  rupture  immediately  proximal  to 
the  point  of  ligation;  some  surgeons 
apply  this  rule  to  all  vessels.     The  liga- 


ture itself  is  encapsulated  if  of  non-absorbable  material.  The  liga- 
tioD  of  a  large  artery  causes  a  rise  in  the  general  blood  pressure, 
'  iriiich  gradually  falls  as  the  collateral  circulation  b  established. 
(10)  Suture  of  blood  vessels  (angiorrltapky)  is  the  ideal  method 
of  dealing  with  wounds  of  arteries  whose  ligation  might  lead  to 
pngrene  or  other  serious  disturbance  in  the  parts  which  they  supply, 
fcg.,  the  common  carotid,  axillary,  brachial,  aorta,  external  iliac, 
femoral,  popliteal,  and  large  abdominal  arteries.  If,  after  the 
priocipal  artery  of  a  limb  has  been  wounded,  the  Umb  is  cold  and 
pde,  the  peripheral  end  of  the  artery  does  not  bleed,  and  congestion 
below  the  wound  does  not  follow  compression  of  the  chief  vein,  the 
atOAteral  circulation  is  probably  incompetent  to  maintain  the  life 
of  the  limb,  and  arteriorrhaphy  is  mandatory  (other  methods  for 
totiiig  the  colateral  circulation  will  be  found  in  the  section  on 
"Amputations").  The  danger  of  tearing  out  of  the  sutures,  even 
it  the  presence  of  atheroma,  is  no  greater  than  that  of  cutting 
^on^  of  a  ligature,  and  if  thrombosis  occurs,  the  clot  may  form 
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slowly  enough  to  allow  the  collateral  vessels  to  dilate,  a  distinct 
advantage  over  ligation.    Although  occlusion  of  the  main  veins 
of  the  limbs  is  usually  followed  by  nothing  worse  than  edema, 
gangrene  may  result  if  the  collateral  vessels  are  diseased  or  injured, 
if  the  circulation  is  sluggish  from  cardiac  or  pulmonary  derangement, 
or  if  the  vitality  of  the  part  is  impaired  by  debilitating  maladies, 
hence  suture  should  be  preferred  to  ligation.     In  wounds  of  the 
superior  mesenteric,  portal,  vena  cava  above  the  origin  of  the  renals, 
and  both  internal  jugulars,  suture  must  be  chosen,  as  ligation  gener- 
ally ends  in  death.    The  technic  of  angiorrhaphy,  which  includes 
arieriorrliaphy  (suture  of  arteries)  and  phleborrkaphy  (suture  of  veins) 
is  as  follows :     After  controlling  the  circulation  by  the  application  of 
a  tourniquet,  or  by  compressing  the  vessel  above  and  below  the 
wound  between  the  fingers  of  an  assistant  or  by  rubber-coated 
clamps,  the  sheath  is  pushed  back,  but  no  farther  than  is  absolutely 
necessary,  and  the  edges  of  the  wound,  if  lacerated,  made  smooth 
with  a  sharp  knife;  scissors  produce  too  much  bruising.     The  sutures 
should  be  of  fine  silk,  threaded  on  the  finest  needle,  and  sterilized  by 
boiling  in  vaselin,  as  suggested  by  Carrel,  who  applies  vaselin  also 
to  the  margins  of  the  wound  to  prevent  drying.     In  a  lateral  wound 
the  operation  may  be  facilitated  by  passing  a  guide  suture,  to  be 
held  by  an  assistant,  through  each  end  of  the  wound.    The  con- 
tinuous suture  is  more  rapid  and  less  apt  to  permit  leakage  between  - 
the  points  of  insertion  than  the  interrupted.    The  suture  should 
penetrate  all  of  the  coats  of  the  vessel,  and  slightly  evert  the  margins 
of  the  wound  so  as  to  bring  intima  in  contact  with  intima,  the  points 
of  insertion  being  about  one  millimeter  apart.     The  blood  current 
is  now  slowly  turned  on,  pressure  being  applied  to  the  suture  line 
until  the  stitch  holes  cease  to  bleed.     The  sheath  is  then  sutured, 
then  the  fascia,  then  the  skin.     If  more  than  one-third  of  the  cir- 
cumference of  the  vessel  is  cut,  the  section  should  be  completed  and 
an  end-to-end  anastomosis  performed.    Although  various  forms  of 
special  apparatus  may  be  used  for  this  purpose,  the  best  method  is 
that  of  Carrel.    After  cutting  the  ends  of  the  vessel  square  across 
and  trimming  away  any  of  the  external  coat  which  prolapses  into 
the  lumen,  three  guide  sutures  are  passed  through  both  ends  of  the 
vessel  at  points  equidistant  around  the  circumference,  which,  by 
traction  on  these  sutures,  is  transformed  into  a  triangle,  whose  sides, 
after  being  elongated  as  much  as  the  elasticity  of  the  vessel  permitSi 
thus  preventing  stricture,  are  sutured  with  a  continuous  suture 
(Fig.  125).    The  author  has  successfully  sutured  the  axillary  artery 
in  four  instances,  the  abdominal  aorta  in  one,  the  common  carotid 
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in  one,  the  radial  in  one,  the  femoral  in  five,  and  the  popliteal  in  one» 
five  of  these  being  end  to  end  anastomoses. 

Risume. — The  treatment  of  alarming  hemorrhage  from  any 
open  'dcound  is,  first,  the  immediate  control  of  bleeding  by  the  appli- 
cation of  digital  pressure  to  the  vessels  in  the  wound;  then,  in  the 
extremities,  the  application  of  a  tourniquet  above  the  wound. 
Nothing  further  should  be  done  until  the  patient  has  reacted  from 
shock,  when  the  parts  may  be  carefully  disinfected  and  the  vessels 
ligated,  enlarging  the  wound  as  much  as  may  be  necessary,  and 
remembering  that  both  ends  of  large  arteries  and  veins  should  be 
tied,  and  that,  if  the  wound  is  a  lateral  one,  the  vessel  must  be  ligated 
above  and  below  the  wound  and  severed  between  the  ligatures,  thus 
permitting  retraction  and  contraction.  The  desirability  of  suturing 
important  vessels  instead  of  occluding  them  by  ligation,  should  be 
borne  in  mind.  A  general  oozing  which 
seemingly  comes  from  no  particular  point 
is  controlled  by  firm  gauze  packing,  or  by 
suture  of  the  wound  and  the  application  of 
a  firm  bandage.  An  artery  capable  of 
producing  vigorous  bleeding  must  be  lig- 
ated in  the  wound,  though  even  an  opera- 
tion is  necessary  for  such  purpose.  Liga- 
tion in  continuity  for  hemorrhage  should 
be  performed  only  under  very  exceptional 
circumstances,  as  it  is  often  ineffectual, 
owing  to  a  free  collateral  circulation;  if 
the  coUateral  circulation  is  poor,  there  is  ^'^-   "S.-Carreis  technic  for 

^        '  anastomosis  of  blood  vessels. 

danger  of  gangrene  or,  in  the  case  of  the 

common  carotid,  paralysis  and  death;  again  the  bleeding  vessel  may 
be  a  large  vein,  or  an  artery  not  derived  from  the  vessel  ligated. 
Possibly  in  cases  in  which  the  tissues  are  rotten  from  infection,  or 
in  which  packing  fails  to  control  permanently  a  bleeding  artery 
whose  exposure  would  necessitate  the  destruction  of  important 
structures,  ligation  in  continuity  may  be  indicated.  In  the  former 
instance  recurrence  of  bleeding  would  call  for  a^mputation.  In  re- 
gions such  as  the  neck  where  elastic  constriction  is  impracticable, 
digital  compression  must  be  maintained  until  the  wound  has  been 
sufficiently  enlarged  to  secure  the  vessel  with  hemostatic  forceps. 
The  patient  may  then  be  brought  out  of  the  shock,  and  the  hemor- 
rhage controlled  as  outlined  above.  Dangerous  hemorrhage  in  the 
chest  or  abdomen  is  treated,  after  opening  these  cavities,  by  ligation, 
suture,  gauze  packing,  or,  in  rare  instances,  by  the  cautery;  often  an 
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important  organ,  e.g.,  spleen,  kidney,  or  uterus,  must  be  removed. 
In  these  cases  the  surgeon  must  operate  immediately,  in  the  p^^ 
sence  of  even  the  most  profound  shock.  Hemorrhage  into  the  era- 
nium  or  spinal  canal  is  dangerous,  not  from  the  loss  of  blood,  but 
from  the  pressure  exerted  upon  the  central  nervous  system;  it  is 
controlled,  alter  trephining  or  laminectomy,  by  ligation  or  packing. 
The  treatment  ot  serious  bleeding  into  the  subcutaneous  tissues^  in- 
cluding diffuse  traumatic  aneurysm  y  is  inmiediate  digital  pressure  on 
the  main  artery  above,  until  a  tourniquet  can  be  applied;  after  the 
patient  has  reacted  from  shock,  the  bleeding  vessel  is  exposed  by 
incision  and  ligated  or  sutured.  Serious  bleeding  •from  arterioles j 
venules,  or  capillaries  is  dealt  with  under  "Hemophilia." 

Hemophilia  {hemorrhagic  diathesis)  is  a  congenital  and  hereditary 
tendency   to  excessive  bleeding,   arising  spontaneously,   or  from 
wounds  of  even  the  most  trivial  character.    The  cause  is  not  known. 
It  is  far  more  frequent  in  males  than  in  females,  but  females  are  much 
more  liable  to  transmit  the  disease  to  their  offspring;  indeed  a  female 
belonging  to  a  bleeder  family,  but  who  is  not  herself  subject  to  the 
affection,  is  likely  to  beget  bleeder  children,  especially  if  they  be 
males.    About  50  per  cent,  of  those  with  hemophilia  die  before  the 
tenth  year,  and  only  10  per  cent,  reach  maturity.    The  presence  of 
hemophilia,  which  may  be  suspected  from  the  history  and  con- 
firmed by  estimating  the  coagulation  time  of  the  blood,  contrain- 
dicates  all  but  the  most  urgent  operations  (see  also  "Spontaneous 
Hemorrhage"). 

The  treatment  consists  in  the  internal  administration  of  tonics  and 
the  careful  avoidance  of  all  forms  of  injury;  even  the  most  trivial 
operations,  like  vaccination  or  circumcision,  must  be  regarded  as 
highly  dangerous.  In  the  presence  of  bleeding  ergot,  acetate  of 
lead,  gelatin,  calcium  lactate,  or  calcium  chlorid  may  be  given  inter- 
nally. Thyroid  extract  has  been  recommended,  although,  according 
to  Kocher,  hyperthyroidism  is  accompanied  by  a  decrease*  in  the 
coagulability  of  the  blood.  Adrenalin  or  Carnot's  solution  and  pro- 
longed pressure  with  elevation  are  used  locally.  The  application  of 
coagulin,  or  of  clotting  blood  from  a  healthy  individual  may  be 
tried.  The  most  effective  measure  is  the  transfusion  of  normal 
blood.  If  this  is  not  done  one  may  inject  10  to  20  c.c.  of  normal 
horse  serum  into  a  vein,  or  20  to  40  c.c.  beneath  the  skin;  antidiph- 
theritic  serum  also  has  been  used  in  hemophilia  and  other  hemor- 
rhagic diseases.  Escharotics  or  the  actual  cautery  may  temporarily 
check  the  oozing,  but  it  is  very  likely  to  recur  with  the  separation  of 
the  sloughs.    Petechiae  and  ecchymoses  require  no  local  treatment; 
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hematomata  and  hemarthroses  should  be  protected  from  injury  and 
never  opened. 

LIGATION  OF  ARTERIES  IN  CONTINUITY 

The  indications  for  ligation  in  continuity  are  aneurysm,  arterial 
hemorrhage  under  the  circumstances  mentioned  above,  malignant 
growths  whose  progress  may  be  hindered  by  shutting  off  the  blood 
sapply,  and  operations  on  very  vascular  structures  in  order  to  reduce 
the  loss  of  blood.  In  addition  may  be  mentioned  the  very  doubtful 
indications  of  enlarged  prostate,  for  which  the  internal  iliacs  have 
been  tied,  trigeminal  neuralgia,  for  which  the  carotid  has  been  tied, 
and  epilepsy,  for  which  the  vertebral  has  been  tied.  In  cases  in 
which  the  necessity  for  ligation  is  not  pressing,  the  state  of  the 
collateral  circulation  may  be  determined  before  operation  by  the 
Matas  method  (see  "Indications  for  Amputation,'^  chap.  xxxi). 
If  the  collateral  circulation  is  inadequate  it  may  be  rendered  more 
active  by  intermittent  compression  of  the  artery,  or  by  partly  oc- 
cluding the  artery  with  a  band  of  aluminium  (Halsted)  or  fascia,  and 
completing  the  ligation  after  a  week  or  ten  days.  Chromicized 
catgut  should  be  used  for  all  but  the  largest  vessels,  for  which  floss 
sOk  is  the  best  material. 

The  operation  is  preceded  by  mapping  out  the  course  of  the 
vessel  by  an  imaginary  line.  The  skin  and  fascia  are  then  divided 
along  this  line,  important  structures  drawn  aside,  and  the  vessel 
located  by  means  of  anatomical  guides,  e.g.,  a  muscle,  a  bony  promi- 
nence, a  nerve,  or  another  vessel.  The  artery  itself  is  recognized  by 
its  pinkish  color,  the  thickness  of  its  walls,  and  by  pulsation,  the 
veins  being  dark  In  color,  thin  walled,  and  non-pulsating.  The 
arteries  of  the  upper  extremity,  the  leg,  and  most  of  the  smaller 
arteries  of  the  trunk  have  venae  comites;  those  of  the  thigh,  the  head, 
and  the  neck,  except  the  lingual,  have  but  one  companion  vein. 
Pressure  upon  the  vessels  will  distend  the  vein,  collapse  the  artery, 
and  obliterate  the  pulse  below  the  point  of  pressure.  The  anatom- 
ical guides,  however,  are  more  reliable  than  the  individual  features 
of  the  artery,  as  even  pulsation  may  be  transmitted  to  the  vein,  or  be 
absent  in  the  artery  as  the  result  of  pressure  or  hemorrhage.  The 
sheath  of  the  artery  is  opened  for  about  half  an  inch  by  lifting  it  from 
the  artery  with  forceps,  and  incising  just  beneath  the  forceps  with 
the  flat  of  the  knife  towards  the  artery  (Fig.  126  A).  The  sheath  is 
then  held  by  forceps,  and  separated  from  the  artery  by  an  aneurysm 
needle  armed  with  the  ligature,  which  is  carried  around  the  vessel,  in 
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the  direction  away  from  the  most  important  neighboring  structure, 
which  is  usually  the  vein  (Fig.  126  B).     The  ligature  is  then  tied  ins 
reef  knot  by  placing  the  ends  of  the  thumbs  or  index  fingers  upon  the 
knot,  and  separating  them  by  using  the  middle  joint  as  the  basis  oi 
support  (Fig.  126  C).    The  second  knot  should  be  tied  firmly,  but 
should  not  be  jerked,  as  such  may 
break  the  ligature;  a  third  knot 
always  should  be  added  when  cat-     '. 
gut  is  employed .     With  the  smaller 
arteries  the  ligature  may  be  tied 
with  sufficient  firmness  to  niptare 
the  inner  coats.     With  very  large 
arteries  (his  may   result  in  the 
cutting  through  of  the  ligature,  or 
in  dilatation  and  rupture  immeAi— 
ately  proximal  to  the  Ugature    t«^ 
these  vessels  the  walls  should  t»«: 
approximated  only,  the  stay  kno  *■ 
being  employed  (Fig.  127).    Tb-* 
principal  dangers  following  ligi»- ' 
tion  in  continuity  are  secondar;^' 
hemorrhage  and  gangrene, 
late  artery  has  been  tied  forty-three  times  with  seve*^ 
recoveries,  the  chief  causes  of  death  being  sepsis,  secondary  hemor — ' 
rhage,  and  cerebral  lesions.     An  incision  is  carried  for  three  or  fou*^ 
inches  along  the  anterior  margin  of  the  right  sternomastoid  to  th^" 
epi^ernai  notch,  then  outward  along  the  upper  margin  of  the  inner 
third  of  the  clavicle,  severing  the  skin, 
platysma,  and  the  superticial  and  deep 
fasciie.     The  sternohyoid,  sterno- 
thyroid, and  inner  edge  of  the  sterno- 
mastoid   are   divided    and    retracted. 
The  anterior  jugular  vein  is  severed 
between    two    ligatures,    the    carotid 
sheath  opened,  and  the  carotid  artery 
followed  to  the  bifurcation  of  the  in- 
nominate.    Resection   of  the  sterno- 
clavicular articulation  may  be  necessary  to  expose  the  vessel  pro- 
perly.   The  inferior  thyroid  veins  are  tied  or  drawn  aside,  the  right 
internal  jugular  and  right  innominate  vein  are  pushed  to  the  rigEt, 
and  the  left  innominate  vein  is  displaced  downwards.     A  strongly 
curved  aneurysm  needle  is  passed  from  without  and  below,  upwards 
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inwards,  care  being  taken  not  to  injure  the  pneumogastric  nerve 
pleura,  which  lie  to  the  right.  The  Ugature  should  be  of  floss 
tied  in  a  stay  knot. 

hecommon  carotid  arises  from  the  innominate  on  the  right,  from 
Tch  of  the  aorta  on  the  left.  The  line  of  the  artery  is  from  the 
oclavicular  articulation  to  midway  between  the  angle  of  the 
ind  the  tip  of  the  mastoid,  the  vessel  bifurcating  at  the  upper 
:r  of  the  thyroid  cartilage.  Whenever  possible  the  vessel  is  tied 
e  the  anterior  belly  of  the  omohyoid,  i.e.,  in  the  superior  carotid 
gle,  or  the  triangle  of  election,  as  here  the  vessel  is  more  super- 
and  the  operation  less  difficult.     The  triangle  of  election  is 


:.  ua.— Ligatui 


(.Moullin.) 


ided  above  by  the  posterior  belly  of  the  digastric,  behind  by  the 
raiastoid,  and  in  front  by  the  anterior  belly  of  the  omohyoid, 
inferior  carotid  triangle,  called  the  triangle  of  necessity  because 
"esse!  is  tied  here  only  when  absolutely  necessary,  is  bounded 
;  by  the  anterior  belly  of  the  omohyoid,  below  by  the  sterno- 
>id,  and  in  front  by  the  median  line.  Ligati<m  in  the  triangleof 
on  (Fig.  128)  is  carried  out  with  a  sand  pillow  beneath  the 
the  head  turned  towards  the  opposite  side,  and  the  chin  raised. 
te  inch  incision,  the  center  of  which  is  on  a  level  with  the 
1  cartilage,  is  made  along  the  arterial  line,  severing  the  skin, 
loth  layers  of  the  superficial  fascia,  between  which  lies  the 
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platysma,  and  exposing  the  anterior  edge  of  the  s ter nomas toid, 
which  is  the  muscular  guide  to  the  artery.  After  cutting  the  deep 
fascia  which  is  attached  to  the  border  of  the  sternomastoid,  this 
muscle  is  retracted  outwards,  the  omohyoid  drawn  downwards,  and 
the  costal  process  of  the  sixth  cervical  vertebra  (carotid  tubercle  of 
Chassaignac),  which  lies  immediately  under  the  artery  at  the  point 
where  it  is  crossed  by  the  omohyoid,  felt  with  the  finger.  The 
sheath  of  the  vessel  is  identified  by  means  of  the  descendens  noni 
nerve,  which  descends  upon  it,  and  opened  on  the  inner  side  to  avoid 
the  internal  jugular  vein,  which  lies  to  the  outer  side  in  a  separate 
compartment.  The  pneumogastric  nerve  lies  behind  and  between 
the  artery  and  vein,  in  a  separate  compartment  of  the  same  sheath. 
The  needle  is  passed  from  without  inwards.  Ligation  in  the  tnan^^e 
of  necessity  (Fig.  128)  is  performed  by  making  a  three  inch  incision 
downward  along  the  arterial  line  from  the  level  of  the  cricoid 
cartilage.  The  sternomastoid  is  drawn  outwards,  the  sterno- 
hyoid and  sternothyroid  inwards,  the  omohyoid  upwards.  The 
sheath  is  opened  on  the  inner  side  and  the  operation  completed  as 
described  above.  The  inferior  thyroid  veins  may  be  tied  it  they  are 
in  the  way;  in  the  lower  part  of  the  neck  the  anterior  jugular,  and  on 
the  left  side,  the  internal  jugular,  lie  in  front  of  the  artery  and  must 
be  cai-efuUy  retracted.  The  recurrent  laryngeal  nerve  and  the 
inferior  thyroid  artery  are  on  a  deeper  plane  and  should  not  be 
encountered.  Ligation  of  the  ccmn;ion  carotid,  in  one-fourth  of  the 
cases,  results  in  cerebral  complications,  which  may  be  immediate, 
such  as  collapse  from  cerebral  anemia,  or  which  take  the  form  of 
cerebral  soitening,  causing  hemiplegia.  One-half  of  those  developing 
intracranial  trouble  die. 

The  internal  carotid  is  rarely  ligated.  The  line  of  the  artery  is 
parallel  with  and  ^  trifle  external  (not  internal  as  one  would  suspect 
from  the  name)  to  that  of  the  external  carotid.  The  muscular  guide 
is  the  sternomastoid,  and  the  incision  that  for  the  external  carotid. 
The  sternomastoid  is  retracted  backwards,  the  posterior  belly  of  the 
digastric  upwards,  and  the  external  carotid  forwards.  The  needle  is 
passed  from  without  inwards,  avoiding  the  internal  jugular  vein,  the 
pneumogastric  nerve,  the  cervical  sympathetic  nerve,  and  the  ascend- 
ing pharyngeal  artery. 

The  external  carotid  extends  from  the  bifurcation  of  the  common 
carotid,  on  a  level  with  the  superior  border  of  the  thyroid  cartilage, 
to  midway  between  the  external  auditory  meatus  and  the  condyle  of 
the  lower  jaw.  The  line  of  the  artery  is  the  upper  portion  of  that  for 
the  common  carotid,  the  muscular  guide  the  sternomastoid,  and  the 
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ion  of  tht  patient  that  for  ligation  of  the  common  carotid.  A 
inch  incision,  with  the  center  at  the  great  comu  of  the  hyoid 
is  made  along  the  arterial  line,  severing  the  skin,  both  layers  of 
uperficial  fascia,  which  includes  the  platysma,  and  the  deep 
..  The  stemomastoid  is  retracted  outwards,  the  posterior 
of  the  digastric  and  the  stylohyoid  upwards,  and  the  hypo- 
il  nerve  inwards.  The  point  of  election  for  ligation  is  opposite 
e  tip  of  the  great  cornu  of  the  hyoid  bone,  and  between  the 
ior  thyroid  and  Ungual  arteries.  The  superior  thyroid,  lingual 
ada!  veins,  which  lie  in  front  of  the  artery,  should  be  avoided, 
my  lymphatic  glands  which  are  in  the  way  removed.  The 
e  is  passed  from  without  inward,  carefully  avoiding  the  superior 
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geal  nerve,  which  lies  behind  the  artery.  The  artery  is  dbtin- 
ed  from  the  common  carotid  and  from  the  internal  carotid  by 
■resence  of  branches. 

he  superior  thyroid  arises  from  the  external  carotid  close  to  its 
1,  passes  upwards  and  inwards,  then  downwards  and  forwards  to 
hyroid  gland.  A  two  inch  incision,  with  its  center  on  a  level " 
the  upper  edge  of  the  thyroid  cartilage,  is  made  along  the 
id  Une,  and  the  external  carotid  exposed.  The  artery  is  then 
care  being  taken  to  avoid  the  superior  thyroid  veins  and  the 
rior  laryngeal  nerve. 

lie  Ijnpial  art^y  (Fig.  129)  may  be  tied  close  to  its  origin 
igh  the  incision  for  the  exposure  of  the  external  carotid,  or  under 


334 


iiANUAL  OF   SXJBGERY 


the  hyoglossus  in  the  submaxiUary  triangle.  In  the  latter  opeiation 
the  patient  is  placed  in  the  same  position  as  that  for  the  ligation  of  the 
carotid.  A  curved  incision,  with  its  center  opposite  the  greatei 
cornu  of  the  hyoid  bone,  is  made  from  below  and  external  to  the 
symphysis  menti,  to  below  and  within  the  point  where  the  anterior 
edge  of  the  masseter  joins  the  lower 
border  of  the  jaw,  severing  the  skin, 
both  layers  of  the  superficial  fascia,  and 
the  platysma.  The  submaxillary  gland, 
which  lies  in  a  compartment  of  the  deep 
fascia,  is  retracted  upwards  after  severing 
the  deep  fascia,  thus  exposing  the  two 
bellies  of  the  digastric,  the  posterior  edge 
of  the  mylohyoid,  and  the  hyoglossus. 
The  digastric  tendon  is  retracted  down- 
wards, and  the  hypoglossal  nerve  (the  guide 
to  the  artery)  and  the  ranine  vein,  which 
cross  the  hyoglossus,  are  pushed  upwards; 
the  hyoglossus  is  divided  transversely 
between  the  nerve  and  the  hyoid  bone. 
The  artery  lies  immediately  beneath  the 
muscle  on  the  middle  constrictor  of  the 
pharynx,  and  is  tied  by  passing  the  needle 
from  above  downwards. 

The  facial  artery  (Fig.  128)  may  be 
b-  tied  through  the  incision  for  ligation  of 
'^j  the  external  carotid,  or  at  the  point  where 
<3-    it  crosses  the  lower  border  of  the  jaw  ii 


Pic.  130. — Diagram  to  sho' 
thel  CQllateral  circulHtion  aftc 
ligature  of  common  carotid,  sut 


A.  Common  carotid.  B.  Ir 
carotid.  C.  Eiternal  <■  ai 
D.  Vertebral.  E.  Circleof  wiiiis.  ,.        ,       .       ,  ,       ,  , 

P.  Basilar.  G.  Subclavian.  H.    mediately  m  front  of  the  masseter.  by 
Thyroidaiis^  I.  Inferior  thyroid-    making  a  small  transversejncision  through 

J.  Superior  thyroid.  K. Occipital.       ,  "  .  ...  _., 

L.  Princeps  cervicU.     M. 
fll.    N.  Trai 


O.  Suprascapular.  P.  Posterio 
scapular.  Q.  Dorsal i s  scapulat 
R.  Infrascapular,  S.  Subscaj: 
ular,  T.  Long  thoracic.  t 
Short  thoracic.     V.  Superior  in 


the  skin,  platysma,  and  fascia.  The 
needle  is  passed  from  behind  forwards,  to 
avoid  the  vein,  which  lies  behind. 

The  temporal  artery  may  be  tied  in 
front  of  the  auditory  meatus  at  the  point 
where  it  crosses  the  zygoma.  A  small 
vertical  incision  is  made  through  the  skin 
and  fascia,  between  the  tragus  and  the  condyle  of  the  jaw,  and  the 
vessel  tied  just  above  the  root  of  the  zygoma,  avoiding  the  auriculo-  , 
temporal  nerve  and  branches  of  the  temporo-facial  portion  of  the  | 
seventh  nerve.  I 

The  OGCtpibtl  aiteiy  may  be  tied  at  its  origin,  through  the  incision  j 
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made  for  the  external  carotid,  or  behind  the  mastoid  process.  In 
the  latter  operation  an  incision  is  made  from  the  tip  of  the  mastoid 
upwards  and  backwards  towards  the  occipital  protuberance.  The 
posterior  fibers  of  the  sternomastoid,  the  splenius,  and  the  trachelo- 
mastoid  are  severed,  and  the  vessel  tied  between  the  mastoid  process 
and  the  transverse  process  of  the  atlas. 

The  subclavian  artery  (Fig.  129)  arises  from  the  innominate  on 
the  right,  and  the  arch  of  the  aorta  on  the  left,  and  extends  from  the 
sternoclavicular  joint  to  the  lower  border  of  the  first  rib.     It   is 
di\ided  into  three  parts  by  the  scalenus  anticus,  the  first  portion 
lying  to  the  inner  side  of  the  muscle,  the  second  behind,  and  the 
third  to  the  outer  side.     The  third  portion  hes  in  the  subclavian 
triangle,  which  is  formed  by  the  clavicle  below,  the  posterior  belly 
of  the  omohyoid  on  the  outer  side,  and  the  posterior  border  of  the 
sternomastoid  on  the  inner  side.    Ligation  of  the  first  or  second 
portion  is  very  rarely  performed.     The  line  of  the  third  portion  is 
from  the  posterior  border  of  the  sternomastoid  to  the  anterior  border 
of  the  trapezius,  half  an  inch  above  and  parallel  to  the  clavicle.     The 
muscular  guide  is  the  outer  border  of  the  scalenus  anticus,  which  lies 
approximately  behind  the  outer  border  of  the  sternomastoid.     The 
bony  guide  is  the  tubercle  on  the  first  rib  into  which  the  scalenus 
anticus  is  inserted,  the  artery  lying  directly  behind  it.     In  ligation 
of  the  third  part  of  the  artery  the  thorax  is  raised,  the  neck  extended, 
and  the  head  turned  to  the  opposite  side.     The  size  of  the  subclavian 
triangle  is  increased  by  pulling  down  the  arm,  and  fixing  it  in  this 
position  by  pushing  the  forearm  under  the  back.     An  incision  is  made 
over  the  clavicle,  from  the  outer  margin  of  the  sternomastoid  to  the 
inner  margin  of  the  trapezius,  after  the  skin  has  been  drawn  down. 
This  maneuver  protects  the  external  jugular  vein,  and  when  the 
skin  is  released  leaves  the  wound  half  an  inch  above  the  clavicle. 
The  incision  involves  the  skin,  superficial  fascia  and  platysma,  and 
the  deep  fascia.    The  external  jugular  vein  is  retracted  inward  or 
divided  between  two  ligatures,  the  posterior  belly  of  the  omohyoid 
retracted  upwards,  and  the  scalenus  anticus  with  the  tubercle  on  the 
first  rib  identified.     The  transverse  cervical  and  the  suprascapular 
arteries  should  not  be  injured,  as  they  assist  in  the  collateral  circula- 
tion.   The  subclavian  vein  lies  in  front  of  and  below  the  finger  as  it 
rests  on  the  scalene  tubercle;  the  artery  lies  behind  and  can  be  felt 
pulsating  on  the  first  rib.     The  brachial  plexus  lies  above  and  to  the 
outside,  the  lower  cord  passing  behind  the  vessel.     With  the  finger 
guarding  the  vein,  the  needle  is  passed  from  above  downwards  close 
to  the  artery,  to  avoid  the  lowest  cord  of  the  plexus.    There  is  also 
some  danger  of  wounding  the  pleura. 
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The  internal  manunary  arteiy  courses  downwards  on  the  inner 
surface  of  the  chest  wall,  about  half  an  inch  from  the  edge  of  the 
sternum.  It  may  be  tied  after  dividing  the  intercostal  structures 
outwards  from  the  edge  of  the  sternum  for  an  inch  or  more.  In 
order  to  secure  both  ends  of  a  divided  internal  mammary,  which  is 
absolutely  necessary  owing  to  the  freedom  of  the  collateral  circula- 
tion, a  portion  of  the  costal  cartilage  may  be  resected. 

The  vertebral  artery  has  been  tied  for  wounds,  secondary  hemor- 
rhage following  ligature  of  the  innominate,  and  for  epilepsy.  An 
incision  dividing  the  skin,  superficial  fascia,  platysma,  and  deep 
fascia,  is  made  along  the  lower  half  of  the  posterior  border  of  the 
stemomastoid.  This  muscle  is  retracted  forwards  with  the  external 
jugular  vein  and  the  scalenus  anticus,  upon  which  lie  the  phrenic 
nerve  and  the  transverse  cervical  artery.  The  transverse  process  of 
the  sixth  cervical  vertebra  is  defined,  and  the  artery  found  below  this 
point  in  the  interval  between  the  scalenus  anticus  and  the  longus 
colli.  The  vein  lies  superficial  to  the  artery  and  is  drawn  to  the  outer 
side,  the  needle  being  passed  from  without  inwards,  care  being  taken 
to  avoid  the  pleura  and  the  thoracic  duct. 

The  inferior  thyroid  may  be  tied  through  the  incision  made  for 
ligation  of  the  common  carotid  in  the  triangle  of  necessity.  The 
stemomastoid  and  the  carotid  sheath  are  drawn  outwards,  the  omo- 
hyoid upwards,  and  the  sternohyoid  and  sternothyroid  divided  if 
necessary.  The  artery  is  found  below  the  transverse  process  of  the 
sixth  cervical  vertebra  and  behind  the  carotid  sheath.  Care  should 
be  taken  not  to  injure  the  middle  cervical  ganglion,  the  recurrent 
laryngeal  nerve,  the  esophagus,  or,  low  down  in  the  neck,  the  thoracic 
duct. 

The  axillary  artery  extends  from  the  lower  border  of  the  first  rib  to 
the  lower  border  of  the  tendon  of  the  teres  major.  It  is  divided  into 
three  portions  by  the  pectoralis  minor,  the  first  portion  being  above 
the  second  behind,  and  the  third  below  that  muscle.  The  line  of  the 
artery  is  from  the  middle  of  the  clavicle  to  the  junction  of  the  anterior 
and  middle  thirds  of  the  outlet  of  the  axilla.  The  second  portion  of 
the  artery  is  not  tied,  owing  to  its  depth  and  to  the  fact  that  it  is 
closely  surrounded  by  large  nerve  trunks.  Ligation  of  the  first 
portion  may  be  accomplished  through  an  incision  from  the  coracoid 
process  of  the  scapula  to  within  one  inch  of  the  sternoclavicular 
joint,  parallel  with  and  half  an  inch  below  the  clavicle.  After 
dividing  the  superficial  structures,  the  clavicular  portion  of  the  pecto- 
ralis major  is  severed  and  the  costocoracoid  membrane  incised  below 
the  subclavius.     The  acromiothoracic  artery  and  cephalic  vein  are 
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tt-fflded,  the  pectoralis  minor  drawn  downwards,  and  the  needle 
passed  from  below  upwards  to  avoid  the  vein,  which  is  below  and  to 
the  inner  side,  while  the  finger  guards  the  brachial  plexus,  which  lies 
above  and  to  the  outer  side.  In  ligation  of  the  third  portion  (Fig. 
131)  the  arm  is  abducted,  and  a  three  inch  incision  made  along  the 
inner  border  of  the  coracobrachialis,  dividing  the  skin  and  fascis. 
The  median  nerve  lies  on  the  artery  and,  with  the  musculocutaneous 
nerve,  which  is  more  external,  is  drawn  outwards.  The  axillary 
vein  and  the  ulnar  and  internal  cutaneous  nerves,  which  lie  to  the 
inner  side,  are  separated,  and  the  ligature  passed  from  within  out- 
wards. Ligation  of  the  termination  of  the  axillary  or  the  beginning 
of  the  brachial,  i.e.,  between  the  circumflex  and  the  superior  profunda 
arteries  is  more  dangerous  than  above  or  below  these  points,  since 
there  exists  only  one  small  collateral  branch  running  from  the  poste- 
riw  drcximflex  to  the  superior  profunda. 


The  brachial  artery  underlies  a  line  drawn  from  the  junction  of 
the  anterior  with  the  middle  third  of  the  outlet  of  the  axilla,  to  a 
point  midway  between  the  two  condyles  of  the  humerus.  The 
musaUar  guide  is  the  inner  border  of  the  biceps.  Ligation  at  the 
middle  of  the  arm  (Fig.  132)  is  conducted  with  the  arm  ab- 
ducted and  the  forearm  supinated.  There  should  be  no  support 
beneath  the  arm  for  fear  that  the  soft  structures  might  be  pushed 
forwards  over  the  artery  and  so  complicate  the  operation.  An 
incisioQ  two  or  three  inches  long  is  made  along  the  inner  border  of 
the  biceps,  severing  the  skin  and  fascix.  The  muscle  is  retracted 
outwards  and  the  median  nerve,  which  at  the  middle  of  the  arm 
crosses  the  artery  from  without  inwards,  located.  The  nerve  is 
di^laced  to  the  more  convenient  side,  and  the  needle  passed  from  it, 
after  separating  the  venx  comites  and,  above  the  middle  of  the  arm, 
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the  basilic  vein,  which  here  lies  beneath  the  deep  fascia  and  close  to 
the  artery.     The  ulnar  nerve  lies  to  the  inside.    At  the  bend  of  the 
elbow  the  biceps  tendon  is  the  guide.   A  two  inch  incision  is  made  along 
the  inner  edge  of  the  biceps  tendon  extending  down  to  the  crease  of 
the  elbow.     The  median  basilic  vein  is  drawn  downwards  and  in- 
wards, the  bicipital  fascia  incised,  the  venae  comites  separated,  and 
the  ligature  passed  from  within  outwards  to  avoid  the  median  nerv^e. 
The  ulnar  artery  curves  from  its  point  of  origin  about  one  inch 
below  the  bend  of  the  elbow,  to  the  ulnar  side  of  the  forearm,  thence 
passes  downward  to  the  radial  side  of  the  pisiform  bone.     The  litu 
of  the  upper  third  is  from  the  middle  of  the  front  of  the  elbow  joint 
to  the  junction  of  the  upper  and  middle  thirds  of  the  ulna.     The  line 
of  the  lower  two-thirds  is  from  the  apex  of  the  internal  condyle  of  the 
humerous  to  the  radial  side  of  the  pisiform  bone.     The  muscular 
guide  is  the  outer  border  of  the  flexor  carpi  ulnaris.    Ligation  at  the 
wrist  (Fig.  133)  is  accomplished  by  making  an  incision  an  inch  or 

more  in  length  along  the  radial  border  of 
^^^^'"^to  the  flexor  carpi  ulnaris,  which  is  drawn 

inwards  after  the  deep  fascia  has  been 
opened.  The  ligature  is  passed  from 
within  outwards  to  avoid  tlie  ulnar  nerve, 
which  lies  to  the  ulnar  side  of  the  artery. 
Ligation  of  the  middle  third  is  performed 
by  making  a  three  inch  incision  in  the 
Fig.  133.— Ligature  of  the  radial  line  of   the   vessel,   dividing   the   deep 

and  ulnar  arteries.     (Moullin.)      r        •  1  -in 

fascia,  and  separating  the  flexor  carpi 
ulnaris  from  the  flexor  sublimis  digitorum;  this  interspace  is  marked 
by  a  whitish  or  yellowish  line,  which  is  often  indistinct  and  sometimes 
absent,  but  may  always  be  distinguished  by  moving  the  wrist  and 
the  fingers. 

The  radial  artery  underlies  a  line  drawn  from  midway  between 
the  tips  of  the  condyles  of  the  humerus,  to  the  ulnar  side  of  the  sty- 
loid process  of  the  radius.  The  muscular  guide  is  the  inner  border  of 
the  supinator  longus.  For  ligation  in  the  upper  third  make  a  three 
inch  incision  along  the  line  of  the  vessel,  divide  the  fasciae,  retract 
the  supinator  longus  outwards,  and  pass  the  needle  from  without 
inwards.  The  radial  nerve  lies  to  the  radial  side  of  the  vessel.  For 
ligation  above  the  wrist  (Fig.  133)  an  incision  is  made  in  the  line  of 
the  vessel,  the  fasciae  divided,  and  the  vessel  found  between  the 
supinator  longus  and  the  flexor  carpi  radialis.  In  this  situation  the 
radial  nerve  lies  on  the  dorsum  of  the  forearm  and  is  not  encountered. 
A  small  superficial  vein  may  overlie  the  artery,  and  branches  of  the 
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eitemal  cutaneous  nerve  may  be  seen.     At  the  back  of  the  wrist,  or 

in/a  ttibatiere  (snuff  box),  which  is  bounded  internally  by  the  tendon 

of  the  extensor  primi  internodii.  and  externally  by  the  extensor 

seciindi  internodii  polHcis,  the  line  of  the  artery  is  from  the  tip  of  the 

styloid  process,  to  the  posterior  angle  of  the  first 

interosseous  space.     An  incision  is  made  between 

the  tendons,  from  the  styloid  process  to  the  base 

of  the  first  metacarpal  bone.     Beneath  the  skin 

Till  be  found  the  superficial  radial  vein  and  a 

few  branches  of  the  radial  nerve.     The  deep 

fascia  is  then  opened  and  the  artery  exposed. 

The  abdominal  aorta  has  been  tied  15  times 
wilh  15  deaths,  although  one  patient  lived  10 
days,  one  39  days,  and  one  48  days.  The  opera- 
tion is  performed  by  opening  the  abdomen  in 
tlie  median  hne,  retracting  the  intestines,  incising 
the  posterior  parietal  peritoneum,  and  tying  the 
vessel. 

The  common  iliac  artery  extends  from  the 
aorta,  opposite  the  left  side  of  the  body  of  the 
fourth  lumbar  vertebra,  for  two  inches,  to  the 
upper  end  of  the  sacroiliac  synchondrosis.  The 
line  of  the  artery  is  the  upper  two  inches  of  a 
line  drawn  from  a  point  half  an  inch  below  and 
to  the  left  of  the  umbilicus,  to  midway  between 
ihe  anterior  superior  spine  of  the  ilium  and  the  funda;  E.  inferior  pro- 

,        .  1  ■  fT.1  I  1  •     1    .         funda;  P.  Anastomotica 

i>inphysis  pubis.     Ihe  vessel  may  be  tied  by  magna;  g.  Radial  re- 
the  transperitoneal   or    by   the   retroperitoneal  current;  H.  interosseous 

^^  J  1-  recurrent;    I.    Anterior 

route.     The  transperitoneal  route  is  preferable,  and  K.  Posterior  ulnar 

The  abdomen  is  opened  through  the  left  rectus 

muscle  by  an  incision  whose  center  is  a  little 

below  the  umbilicus.     The  intestines  are  pushed 

aside,  the  posterior  parietal  peritoneum  opened.  farpMrP.''DterP^rm^ 

aid  the  needle  passed  from  the  patient's  right 

to  left,  on  both  sides  of  the  body,  as  the  vein  lies 

behind  the  artery  on  the  right  side,  and  behind 

and  internal  to  it  on  the  left.     In  the  retroperitoneal  method  an  in- 

dsion  is  made  from  just  above  the  internal  abdominal  ring,  above 

wd  parallel  to  Poupart's  ligament,  curving  upwards  as  the  outer 

end  of  this  structure  is  reached,  to  near  the  tip  of  the  cartilage  of  the 

eleventh  rib.     The  abdominal  muscles  and  the  transversalis  fascia 

We  divided,  and  the  unopened  peritoneum  pushed  upwards  and  in- 


ture  of  the  axillary, 
brachial,  radial,  and 
ulnar  arteries.  A.  Bra- 
chial; B,  Radial;  C. 
iperior  pro- 


M.  Posterior  in- 
N.  Anterior 
;  00. 


Superficial 
.rch.R.  PoBter- 
rumtlci;  S.  Sub- 
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wards.  The  ureter  crosses  the  artery  but  usually  adhere 
peritoneum  and  is  carried  out  of  harm's  way  with  it.  T 
muscular  guide  is  the  inner  border  of  the  psoas  magnus  musci 
ligature  is  passed  as  in  the  previous  operation. 

The  internal  iliac  may  be  tied  extraperitoneally  or  ti 
toneally  through  the  incisions  given  for  the  conimon  iliac. 

Theglutealarteryemergesfrom  the  pelvis  through  the  up 
of  the  great  sacrosciatic  foramea,  at  the  junction  of  the  uf 
middle  thirds  of  a  line  drawn  from  the  posterior  superior  spii 
ilium  to  the  top  of  the  great  trochanter.  An  incision  is  nia< 
this  line,  the  fibers  of  the  gluteus  maximus  separated,   t 


AXu-TV' 


^^        ^rr^ta/ir  OMt 


fascia  opened,  and  the  artery  exposed  by  separating  the 
medius  from  the  pyriformis.  Thesdatic  and  internal  pudic 
may  be  reached  ihmugh  an  incision  parallel  with,  but  one  a 
haU  inches  lower  than  that  used  for  the  gluteal  artery.  T! 
of  the  gluteus  maximus  are  separated,  and  the  vessels  foimd 
ing  frt>m  the  lower  j>art  of  the  great  sacrosciatic  foramen, 
lower  iM^nler  of  the  pyriformis  and  just  below  the  great 
nerve, 

The  external  iliac  artei;  underlies  the  lower  two-thirds  ( 
drawn  fn^m  one-half  inch  Inflow  and  to  the  left  of  the  umbil 
ntidway  belwwn  tho  anterior  superior  ^Hne  of  the  ilium  : 
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sjinphysis  pubis.     The  artery  may  be  tied  by  the  transperitoneal 
method  through  an  incision  in  the  middle  line  or  in  the  semilunar  line. 
The  extraperitoneal  method  (Fig.  135)  is  performed  through  an  incision 
about  four  inches  in  length,  extending  from  one-half  inch  above  the 
middle  of  Poupart's  ligament,  to  a  point  one  inch  above  and  one 
inch  internal' to  the  anterior  superior  iliac  spine.     After  dividing  the 
skin,  sui>erficial  fascia,  and  external  oblique,  internal  oblique,  and 
transversalis  muscles,  the  transversalis  fascia  is  cautiously  opened  and 
the  peritoneum  pushed  upwards  and  inwards  until  the  psoas  muscle 
along  the  inner  border  of  which  the  vessel  runs,  has  been  exposed. 
The  needle  is  passed  from  within  outwards  to  avoid  the  vein.     One 
should  be  careful  not  to  injure  the  epigastric  or  the  circumflex  artery, 
as  they  are  important  aids  in  establishing  the  collateral  circulation. 
The  line  of  the  femoral  artery  is  from  midway  between  the 
anterior  suF>erior  spine  of  the  ilium  and  the  symphysis  pubis,  to 
the  inner  condyle  of  the  femur.     The  muscular  guide  is  the  sartorius, 
which  lies  external  to  the  vessel  in  the  upper  third,  in  front  in  the 
middle  third,  and  to  the  inner  side  in  the  lower  third.     The  artery 
may  be  ligated  just  below  Poupart's  ligament,  at  the  apex  of  Scarpa's 
triangle,  or  in  Hunter's  canal.    Ligation  of  the  common  femoral 
just  below  Poupart's  ligament  is  rarely  performed,  because  its  num- 
erous branches  may  interfere  with  perfect  occlusion,  and  the  col- 
lateral circulation  is  much  more  free  after  ligation  of  the  external 
iliac.    An  incision  through  the  skin  and  superficial  fascia  is  made  in 
the  line  of  the  artery,  from  a  little  above  Poupart's  ligament  down- 
wards, for  two  or  three  inches.     The  superficial  veins  and  the  lymp- 
hatic glands  are  drawn  aside,  the  fascia  lata  divided,  and  the  sheath 
opened.     The  needle  is  passed  from  within  outwards  to  avoid  the 
vein.    The  anterior  crural  nerve  lies  to  the  outer  side.     For  ligation 
of  the  superficial  femoral  at  the  apex  of  Scarpa's  triangle  (Fig. 
136)  an  incision  four  inches   in   length,   the  center  of  which   is 
four  inches  below  Poupart's  ligament,  is  made  along  the  arterial 
line,  dividing  the  skin  and  fasciae.     The  sartorius  is  retracted  out- 
wards, and  the  needle  passed  from  within  outwards  to  avoid  the 
vein,  which  in  this  situation  lies  to  the  inner  side  of  and  behind  the 
arterj'.     The  internal  cutaneous  nerve  lies  in  front  of  the  vessel,  and 
the  long  saphenous  nerve  lies  to  the  outer  side  on  a  deeper  plane. 
For  ligation  in  Hwiter's  canal  a  four  inch  incision  is  made  in  the 
line  of  the  artery  in  the  middle  third  of  the  thigh.     After  dividing 
the  fascia  lata  the  sartorius  is  retracted  inwards,  the  fibrous  roof  of 
Hunter's  canal,  nmning  from  the  abductor  longus  to  the  vastus 
hitemus,  incised,  and  the  sheath  of  the  vessel  exposed.    The  long 
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saphenous  nerve  lies  upon  the  sheath  and  should  be  drawn  out  (A      1 
the  way.     The  needle  is  passed  from  without      \ 
inwards  to  avoid  the  femoral  vein,  which  lies 
behind  and  slightly  to  the  outer  side. 

The  popliteal  artery  should  rarely  be  I^a- 
ted.  since  gangrene  of  the  leg  follows  in  about 
one-half  of  the    cases     The    artery   extends 
from  the  lower  end  of  Hunter's  canal,  at  the 
junction  of  the  middle  and  lower  thirds  of  the 
thigh  to  the  lower  border  of  the  popliteus 
muscle.     The  line  of  the  vessel  is  from  a  point 
one  inch  internal  to  the  upper  angle  of  the 
popliteal  space,  passing  midway  between  the 
condyles  of  the  femur,  to  the  apex  of  the  lower 
angle  of  the  space.     The  muscular  guide  in  the 
upper  third  is  the  inner  border  of  the  semi- 
membranosus; in  the  lower  part  the  vessel  lies 
midway  between  the  heads  of  the  gastrocne- 
mius.    The  internal  popliteal  nerve  is  super- 
ficial to  the  artery,  and  the  vein  is  external 
above,  but  crosses  the  vessels   lower  down, 
lying  between  the  artery  and   the  internal 
popliteal  nerve.     The  external  popliteal  nerve 
lies  well  to  the  outer  side.     In  ligation  of  the 
the^eoUat™7^irc^ri?io"n  "PP*^""  ^>''<i  ^^  iHcision  four  luches  in  length  is 
after  ligature  of  the  com-  made  along  the  outer  border  of  the  semimem- 
t^aiiii^.*feraorai!'^pii'  branosus,  which  is  retracted  inwards,  the  in- 
teai.  and  arteries  of  the  leg.  tcTnaX  popliteal    nerve    displaced   outwards, 

A.  Common  iliac;  B.  En-  *^  *^  *^ 

ternai  iliac;  c.  Internal  and  the  needle  passed  from  without  inwards, 
ri^-Lmba^rt  p.  ESt'lric';  ^s  in  this  Situation  the  vein  is  slightly  external. 
G.    Circumflex  iliac;   H.  The  lower  part  of  the  vessel  may  be  tied 

Obturator;    I.    Gluteal;    J.      ,  ,  f ■      ,         , 

Lateral  sacral;  K.  Sciatic;  through  an  inasiou  midway  between  the  beads 
ko^uldTi'k^Tnt'^rnri'  cL  <>*  ^*=  gastrocnemius,  which  are  separated  while 
cumflex;  o.  Femoral;  P.  guarding  the  Saphenous  Vein  from  harm.     The 

Comes   ischiatiei:    0  0  0,.  T  -  i  .i_      •  -i 

Perforating;  R.  Anastoma-  ^'^^^  ^^^d  nerve  are  drawH  to  the  moer  side, 
tica  magna:  ss.  Superior  aj,d  the  needle  passed  fiom  within  outwards. 

articular;     T    T.     Inferior  ^ 

articular;  u.  Tibial  recur-  The  postenoi  tibial  aTtCFy  IS  marked  by  a 
JSterio^'  tiNaf''x^''p^  ^»"«  ^^om  the  Center  of  the  popliteal  ^ace,  to 
avTh''*'^''  ^'  ^'^^°"'°'-  2  point  a  finger's  breadth  behind  the  internal 
malleolus.  Ligation  in  the  middle  of  the  teg 
(Fig.  137)  is  performed  with  the  leg  flexed  and  lying  on  the 
outer  side.     An  incision  four  inches  long  is  made  a  fingers'  breadth 
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behind  the  internal  border  of  the  tibia,  dividing  the  skin  and  super- 
ficial and  deep  fasdie,  and  avoiding  the  long  saphenous  vein  and 
nerve.  The  gastrocnemius  is  drawn  inwards,  the  soleus  and  the 
aponeurosis  on  its  under  surface  severed  and  retracted  backwards 


and  the  vessel  with  the  posterior  tibial  nerve  to  the  outer  side  ex- 
posed on  the  tibiahs  posticus.  After  separating  the  vems  cotnites 
the  needle  is  passed  from  without  inwards.  For  ligation  behind  the 
OHlleoltis  make  the  incision  one  finger's  breadth  behind  the  malleolus, 


TiUali*  aHUau 


open  the  internal  annular  ligament  between  the  tendons  of  the  flexor 
bngus  digitorum  and  flexor  proprius  pollicis,  and  pass  the  needle 
from  behind  forwards  thus  avoiding  the  nerve,  which  is  posterior 
and  external.  The  tendon  sheaths  should  not  be  opened,  and  the 
■Bimljii-  ligament  should  be  sutured  after  the  vessel  has  been  tied. 
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The  line  of  the  anterior  tibial  artery  is  from  a  point  midwajr 
between  the  head  of  the  fibula  and  the  outer  tuberosity  of  the  tibia, 
to  a  point  midway  between  the  two  malleoli.  The  muscular  guide 
is  the  outer  margin  of  the  tibialis  anticus.  For  b'gation  in  the  upper 
third  of  the  leg  make  an  incision  in  the  line  of  the  artery,  incise  the 
deep  fascia,  and  separate  the  tibialis  anticus  from  the  extensor 
communis  digitorum.  The  artery  will  be  found  in  the  intermuscular 
space  upon  the  interosseous  membrane,  the  anterior  tibial  nerve 
lying  to  the  outer  side.  The  needle  should  be  passed  from  without 
inwards.  In  the  middle  of  the  leg  (Fig.  138)  the  same  inter- 
muscular space  is  opened,  and  the  vessel  found  between  the  tibialis 
anticus  and  the  extensor  proprius  poUicis;  the  nerve  lies  in  front  of 
the  artery  and  slightly  to  the  outer  side;  it  should  be  retracted 
outwards  and  the  needle  passed  from  without  inwards.  In  the  loixrer 
third  of  the  leg  an  incision  is  made  in  the  line  of  the  artery  along  the 
external  border  of  the  tendon  of  the  tibialis  anticus.  After  dividing 
the  deep  fascia  separate  the  tibialis  anticus  from  the  extensor 
proprius  pollicis,  retract  the  nerve,  which  lies  in  front  and  a  little 
external,  outwards,  and  pass  the  needle  from  without  inwards. 

The  line  of  the  dorsalis  pedis  is  from  the  midpoint  between  the 
malleoli,  to  the  upper  end  of  the  interosseous  space  between  the  first 
two  metatarsal  bones.  The  muscular  guide  is  the  outer  margin  of 
the  tendon  of  the  extensor  proprius  pollicis.  An  incision  is  made  in 
the  line  of  the  vessel  along  the  outer  border  of  the  extensor  proprius 
pollicis,  the  deep  fascia  opened,  the  extensor  proprius  pollicis 
retracted  inwards,  and  the  extensor  brevis  digitorum  outwards. 
Locate  the  nerve  and  pass  the  needle  from  it  (Fig.  139). 

The  line  of  the  peroneal  artery  is  from  the  posterior  border  of  the 
head  of  the  fibula,  to  the  point  where  the  outer  border  of  the  tendo- 
Achilles  is  inserted  into  the  oscalcis.  Make  an  incision  along  the 
arterial  line,  incise  or  draw  inwards  the  soleus,  which  arises  from  the 
upper  third  of  the  bone  only,  divide  the  flexor  longus  pollicis  close 
to  the  bone  and  incise  the  aponeurotic  structure  covering  the 
vessel,  which  is  found  close  to  the  fibula.  The  needle  may  be  passed 
in  either  direction  and  the  venae  comites  tied  with  the  artery. 


CHAPTER  XVI 

LYMPHATIC  SYSTEM 

Wounds  of  the  thoracic  duct  during  operations  on  the  neck  are 
probably  more  frequent  than  is  generally  believed,  but  as  there  may 
be  two  or  more  ducts,  the  accident  may  not  be  followed  by  serious 
consequences,  and  is  overlooked.  Of  thirty-one  recorded  cases, 
two  were  fatal.  The  accident  is  recognized  during  operation  by 
the  escape  of  a  white  fluid  which  coagulates  on  standing.  In  many 
cases  the  leakage  is  not  noticed  until  several  days  later,  owing  to  the 
mixture  of  the  lymph  with  blood,  and  to  the  small  amount  of  food 
taken  immediately  after  operation.  The  quantity  of  lymph  lost 
varies;  when  the  thoracic  duct  is  not  supplemented  by  a  rich  col- 
lateral circulation,  it  may  be  two  or  more  quarts  a  day.  In  these 
cases  there  are  great  thirst,  exhaustion,  emaciation,  hunger,  and 
deficiency  or  suppression  of  urine;  the  general  condition,  owing  to 
the  dehydration,  resembling  cholera.  Wounds  or  ruptures  of  the 
thoracic  duct  lower  in  its  course  may  give  rise  to  chylous  ascites  or 
chylothorax.  The  treatment,  if  the  wound  is  recognized  at  the  time 
of  operation,  consists  of  suture  of  the  duct,  ligation,  forcipressure  or 
gauze  tamponage.  If  not  recognized  until  after  operation,  compres- 
sion with  gauze  may  be  tried,  and  failing  in  this,  if  there  is  progres- 
sive emaciation,  reopening  of  the  wound  and  suture  or  ligature  of 
the  duct.  In  one  case  the  end  of  the  duct  was  implanted  into  the 
jugular  vein  (Deanesley). 

Lymphangiectasis,  or  dilatation  of  lymphatics,  may  be  congenital 
or  acquired. 

Congenital  lymphangiectasis  may  occur  as  varicose  lymphatics 
more  or  less  generalized  over  certain  portions  of  the  body,  or  as  a 
localized  lymphatic  dilatation  with  marked  proliferation  of  the 
connective  tissue  elements  of  the  part,  such  as  is  seen  in  macro- 
glossia,  macrocheilia,  and  in  nevus  lymphaticus. 

Acquired  lymphangiectasis  is  the  result  of  obstruction  from  tumors 
pressing  on  the  lymph  vessels,  wounds  and  cicatrices  involving 
the  l>'mph  vessels,  filaria,  thrombolymphangitis,  or  chronic  inflamma- 
tion, neoplasms,  or  removal  of  lymph  glands.  Rupture  of  dilated 
lymph  vessels  is  followed  by  lymphorrhea,  causing  chyluria,  chylous 
ascites,  chylothorax,  chylous  diarrhea,  chylous  hydrocele,  etc.     Obstruc- 
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tive  lymphangiectasis  is  accompanied  by  a  solid  or  lymplmtu:  ei 
in  which  there  is  little  or  no  pitting  on  pressure.  This  ab 
of  pitting  on  pressure  is  due,  not  to  the  consistency  of  the  ly 
which  is  fluid,  but  to  the  hyperplasia,  especially  of  the  connei 
tissue  cells,  consequent  upon  the  overnutrition.  The  skin 
subcutaneous  tissues  are  greatly  thickened,  the  former  present 
coarse,  corrugated  surface,  sometimes  covered  with  /ymj 
U'arts,  which  may  ulcerate  and  give  rise  to  lymphatic  fistula.  ' 
the  hyperplasia  becomes  enormous  the  condition  is  called  efc, 
liasis;  elephantiasis  Arabum,  or  true  elephantiasis,  when  due  t 
filaria  sanguinis  hominis;  pseudoelephantiasis,  when  the  resi 
other  forms  of  obstruction.  Elephantiasis  Arabum  is  rarely 
outside  of  the  tropics.  The  parts  most  frequently  affected  ar 
legs  (Barbadoes  leg),  scrotum  (Fig.  140),  and  vulva.  The 
becomes  gigantic,  the  scrotum  sometimes  r 

Sing  the  ground-  The  fllaria  sanguinis  ho 
passes  its  intermediate  stage  in  the  body  < 
mosquito,  the  ova  entering  the  human  bo< 
means  of  contaminated  water,  or  possib 
rcctly  from  the  bite  of  a  mosquito.  The  i 
finally  lodges  in  the  lymphatics,  produce 
struction,  and  liberates  a  large  number  0 
bryos.  The  adult  worm  may  be  as  lor 
three  inches.  The  embryos  are  about  },■ 
an  inch  in  length,  and  are  found  in  the  blood 
ing  the  night,  or  at  least  during  the  time  th£ 

FlO.    140.— ElephantisMS  .-       .  ,       .       r  *  /    i 

of  scrotum.    (Nolan.)     paticnts  sclccts  lor  repose.     Areas  of  ly 
angiectasis  are  subject  to  attacks  of  inflar 
tion,  often  associated  with  chill  and  fever  {elepkantoid  Jever) 
sometimes  eventuating  in  abscess. 

The  treatment  of  lymphatic  varix  is  excision.  Lymp/tedema  si 
when  possible,  be  treated  by  removing  the  cause,  e.g.,  a  tumor, 
excision  of  lymph  glands,  however,  may  augment  the  edema, 
few  cases  of  true  elephantiasis  the  parent  filaria  has  been  loc£ 
and  removed-  When  the  cause  cannot  be  removed,  and  the  tr 
progresses  despite  elevation,  massage,  and  the  application  » 
elastic  bandage,  operative  measures  may  be  considered.  Mu 
punctures,  and  ligation  of  the  artery  of  supply  are  not  it 
mended.  In  lymphedema  of  the  upper  extremity  due  to  carcii 
of  the  breast  and  axillary  glands  Handley  has  obtained  much  b- 
by  passing  long  silk  threads  through  the  subcutaneous  tissues  < 
forearm  and  arm  to  the  subcutaneous  tissues  of  the  chest, 
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providing  capillary  drains  for  the  lymph.  Kondoleon  has  secured 
food  results  in  several  cases  of  lymphedema  of  the  lower  extremity 
If  excising  long  strips  of  the  deep  fascia;  this  permits  the  subcu- 
tineous  lymph  to  pass  to  the  deeper  structures,  which,  according  to 
Kondoleon,  are  normal  and  capable  of  absorbing  the  lymph.  In  the 
worst  cases  of  elephantiasis  wedge-shaped  sections  of  the  diseased 
tissues  may  be  excised,  or  the  entire  part  (scrotum,  labium,  upper  or 
lower  extremity)  may  be  amputated. 

Lymphangioma  (see  chapter  on  'Tumors")- 

Acute  lymphangitis  always  follows  infective  processes  within  the 
area  drained  by  the  inflamed  vessels.  The  walls  of  the  lymphatics 
md  generally  the  tissues  surrounding  the  vessels  take  on  the  ordinary 
dianges  of  inflanmiation,  and  lymph  thrombosis  may  ensue.  The 
process  ends  in  resolution  or  in  suppuration.  In  the  former  instance 
recover>'  may  be  only  partial,  obliteration  or  dilatation  of  the  vessels 
ensuing. 

The  symptoms  are  those  of  sepsis.  In  tubular  lymphangitis , 
in  which  the  large  lymph  vessels  alone  are  involved,  red  lines  may  be 
aeoi  coursing  from  the  infected  area  of  the  nearest  glands.  There  may 
ormay  not  be  tenderness  and  edema.  Confusion  with  phlebitis  (q.v.) 
is  possible.  In  retiform  lymphangitis  the  capillary  lymph  vessels  are 
iffected  and  the  redness  is  general;  this  condition  is  practically  the 
nme  as  erysipelas.  In  either  instance  suppuration  may  be  en- 
countered, either  along  the  lymph  vessels  or  in  the  lymphatic  glands. 

The  treatment  is  primarily  the  disinfection  of  the  wound  from 
which  the  absorption  of  infection  is  taking  place.  The  limb  should 
be  elevated  and  put  at  rest,  and  the  lymph  vessels  covered  with  an 
ointment  containing  ichthyol,  belladonna,  and  mercury.  In  the 
ttrly  stages  cold,  and  later  heat,  may  be  of  service.  Suppuration 
demands  incision  and  drainage.  The  constitutional  treatment  is 
tliat  of  sepsis. 

Chnmic  lymphangitis  may  follow  an  acute  attack,  or  it  may  be 
dironic  from  the  beginning,  e.g.,  in  syphilis,  tuberculosis,  and  ele- 
phantiasis. The  treatment  is  that  of  the  cause;  in  some  instances, 
particularly  in  the  tuberculous  variety,  excision  may  be  attempted. 
Acute  Ijrmphadenitis  is  due  to  the  same  causes  as  acute  lymphan- 
gitis, and  occasionally  follows  cold  or  injury,  inflammatory  processes 
n  contiguous  structures,  or  infection  from  the  blood  stream.  The 
jmiph  vessels  may  or  may  not  participate  in  the  inflammation. 
lie  glands  enlarge  as  the  result  of  the  hyperemia  and  exudation, 
od  the  surrounding  tissues  are  usually  more  or  less  involved  in  the 
rocess  (periadenitis). 
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The  symptoms  are  those  of  fever  in  all  but  the  mildest  cases.  The 
glands  are  tender  and  palpably  enlarged.  In  the  severer  cases  the 
overlying  skin  becomes  red.  edematous,  and  adherent,  and  the  glands 
are  welded  into  one  mass,  which  finally  softens  owing  to  the  formation 
of  pus. 

The  treatment  in  the  early  stages  is  that  oi  acute  lymphangitis. 
The  source  of  infection  is  often  of  a  trivial  nature  and  frequently 
overlooked.  A  scratch  on  the  foot  is  sufficient  to^ produce  a  Je- 
moral  adenitis,  in  which  the  glands  about  the  saphcfnous  opehiajg  are 
involved.  In  inguinal  adenitis,  in  which  the  glands  running  parallel 
to  Poupart's  ligament  are  inflamed,  and  to  which  the  term  bubo  is 
commonly  applied,  the  penis,  urethra,  scrotum,  lower  part  of  the 
abdomen,  anus,  perineum,  and  buttock  should  be  carefully  examined. 
In  cervical  adenitis  the  scalp  should  b6  inspected  for  conditions  like 
eczema  or  p>ediculosis,  the  ear  for  chronic  inflammation  or  skin 
lesions,  the  lips  for  cracks  or  ulcers,  the  teeth  for  caries,  the  gums 
for  pyorrhea,  and  the  tongue  and  throat  for  lesions  through  which 
infection  might  gain  access.  When  suppuration  is  threatened  i>ouI- 
tices  may  be  applied,  but  pus  should  be  evacuated  as  soon  as  it 
forms. 

Chronic  l^phadenitis  follows  the  acute  form,  particularly 
when  the  source  of  irritation  has  not  been  removed;  it  also  occurs  as 
the  result  of  chronic  infection,  particularly  by  the  infectious  granulo- 
mata,  the' most  important  of  which  are  syphilis  and  tuberculosis. 

The  diagnosis  of  the  cause  of  chronically  enlarged  glands,  which 
are  sometimes  loosely  called  lymphadenoma  or  lymphoma,  involves  a 
consideration  of  (i)  the  chronic  simple  form,  (2)  the  tuberculous  and 
(3)  the  syphilitic  varieties,  (4)  Hodgkin's  disease,  (5)  lymphatic 
leukemia,  and  (6)  neoplasms. 

1 .  In  chronic  simple  lymphadenitis  some  source  of  continuous  irri- 
tation in  the  area  drained  by  the  lymph  glands  may  be  discovered. 
Although  the  glands  are  enlarged  and  perhaps  tender,  they  do  not 
tend  to  mat  together  or  to  suppurate.  The  treatment  consists  in  rest 
of  the  part,  removal  of  any  source  of  infection,  the  local  application 
of  iodin,  belladonna,  mercury,  or  ichthyol,  and  the  administration 
of  tonics.  If  recovery  does  not  follow  appropriate  treatment,  a 
strong  suspicion  of  tuberclosis  should  be  entertained. 

2.  Tuberculous  lymphadenitis  is  often  painless,  progresses  despite 
local  treatment,  and  successively  involves  gland  after  gland.  The 
glands  show  a  strong  tendency  to  adhere  to  each  other  and  to  the 
skin,  and  to  undergo  caseous  degeneration.  The  condition  is  most 
common  in  children,  in  whom  other  signs  of  tuberculosis  may  be 
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recognized.  The  family  history  is  of  some  importance.  The  use  of 
tuberculin  for  diagnosis  is  not  generally  employed  (see  "Diagnosis  of 
Tuberculosis")'  ^  ^^  i^^ck  tuberculous  glands  usually  make  their 
appearance  first  in  the  submaxillary  triangle.  Calcified  tuberculous 
lymph  glands  may  be  shown  by  the  X-ray.  The  ireaimeni  is  removal 
of  the  diseased  glands,  if  possible,  and  attention  to  the  general  health 
as  in  tuberoJosis  elsewhere.  Recurrence  takes  place  in  probably 
one-half  of  the  cases,  and  should  be  dealt  with  in  the  same  manner  as 
the  primary  focus.  When  complete  extirpation  is  impracticable,  as 
much  of  the  broken  down  tissue  as  possible  should  be  removed  with 
the  curette.  Encouraging  results  have  been  obtained  with  radio 
and  heliotherapy. 

3.  Syphilitic  lymphadenitis  is  diagnosticated  by  the  history  of  a 
sore,  by  associated  lesions  of  syphilis,  by  the  Wassermann  test,  and 
by  the  results  of  treatment.  The  glands  are  hard,  discrete,  not 
adherent  to  each  other  or  to  the  skin,  do  not  tend  to  suppurate,  and 
arc  neither  painful  nor  tender.  The  enlargement  in  the  primary 
stage  is  confined  to  the  glands  anatomically  related  to  the  sore; 
during  the  secondary  period  the  distribution  is  general,  the  epitro- 
dilear,  the  submental,  and  post  cervical  glands  always  being  in- 
vdved ;  in  the  tertiary  period  a  gland  or  a  group  of  glands  may  become 
gummatous.    The  treatment  is  that  of  syphilis. 

4.  In  Hodgkjn's  disease  {pseudoleukemia,  general  lymphadenosis) 
the  enlargement  is  usually  first  noticed  at  the  root  of  the  neck,  and 
then  spreads  to  other  regions,  sometimes  involving  the  lymphatic 
stnictures  throughout  the  body  and  often  the  spleen.  The  glands 
ioaease  rapidly  in  size,  forming  enormous  masses  in  which  the  indi- 
vidual lymph  nodes  are  readily  made  out,  each  mass  resemb- 
ling a  bunch  of  large  graj)es;  there  is  little  or  no  pain  or  periadenitis, 
and  rarely  suppuration  (Fig.  141).  In  some  instances  the  disease 
remains  localized  for  a  considerable  time.  The  nature  of  the  condi- 
tion is  not  quite  clear,  some  believing  it  to  be  sarcomatous,  some 
^berciilous,  and  some  a  distinct  morbid  entity  that  is  due  to  a  bacillus 
hat  can  be  recognized  by  microscopic  study  of  an  excised  gland. 
Occurring  attacks  of  intermittent  fever  are  common.  The  blood 
hows  no  characteristic  changes  beyond  those  of  a  progressive  anemia 
nd  occasionally  eosinophilia.  The  disease  is  fatal  in  from  a  few 
lonths  to  several  years.     The  treatment,  if  the  glandular  enlargement 

sufficiently  localized,  is  excision;  in  other  cases  arsenic  and  radio- 
lerapy.  Coley's  fluid  has  been  tried,  and  Yates  uses  a  vaccin 
epared  from  a  diphtheroid  bacillus,  which  is  believed  to  be  causa- 
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5.  Lymphatic  leukemia  closely  resembles  Hodgkin's  disease,  but 
the  blood  shows  a  marked  leukocytosis;  or  a  relative  lymphocytosis, 
without  an  increase  in  the  total  number  of  white  cells.  Spleno- 
medulluaiy  leukemia  and  chloroma  also  may  present  enlarged 
lymph  glands.  The  treatment  of  these  conditions  is  similar  to  thatol 
Hodgkin's  disease. 

6.  Neoplasms  of  the  lymph  glands,  excluding  Hodgkin's  disease 
and  leukemia,  may  be  primary  or  secondary. 

The  primary  growths  are  (a)  lymphosarcoma,  (b)  ordinaiy 
sarcoma,  (c)  endothelioma. 

a.  Lymphosarcoma  arises  from  the  lymphatic  tissue  and  consists 
chiefly  of  lymphocytes,  hence  the  term  lymphocytoma.  It  differs 
from  ordinary  sarcoma  in  that  it  may  begin  in  several  glands  of  the 


(Longcope — PennBylvania  Ho$lnUl-} 


same  region  at  the  same  time;  it  rarely  breaks  down  or  ulcerate* 
through  the  skin,  although  it  infiltrates  environing  structures;  »' 
metastasizes  by  the  lymphatics;  and  when  the  tumor  cells  reach  tb^ 
blood  stream,  possibly  through  the  thoracic  duct,  they  often  giv'C 
rise  to  secondary  growths  in  the  lymphatic  tissue  of  the  intestinC' 
a  region  in  which  metastases  from  ordinary  sarcoma  or  carcinom* 
seldom  occur.  Lymphosarcoma  grows  rapidly  and  is  quickly  fatal - 
b.  Ordinary  sarcoma  springs  from  the  connective  tissue  of  a  lympl* 
gland,  and  is  composed  of  round  or  spindle  cells,  or  both,  hence  th^ 
clinical  course  varies  in  different  cases.  However,  the  tumor  always 
begins  in  a  single  gland,  ultimately  infiltrates  the  surrounding  struc 
tures,  ulcerates,  and  metastasizes  by  the  blood.  Sometimes  th^ 
affected  gland  reaches  an  enormous  size,  looking  like  a  kidney,  before 
the  neoplasm  breaks  through  the  capsule. 


LYMPHATIC   SYSTEM  34I 

c.  Endothelioma  (lymphangioendothelioma)  is  derived  from  the 
endothelium  of  the  sinus  of  a  lymph  gland.  One  or  several  nodes 
may  be  involved.  The  tumor  often  grows  slowly,  recurs  locally 
after  excision,  and  does  not  metastasize  to  distant  parts  (cf .  endothe- 
lioma of  the  carotid  body  and  of  the  parotid  gland).  In  other  cases 
it  exhibits  all  the  features  of  ordinary  sarcoma. 

The  secondary  growths  ar^  usually  carcinomatous,  the  primary 
neoplasm  being,  or  having  been,  in  the  area  drained  by  the  aflFected 
glands.  Lymphosarcoma,  melanotic  sarcoma,  and  sarcoma  of  the 
tonsil,  testis,  and  thyroid  also  cause  secondary  growths  in  the  lymph 
glands. 

The  treatment  of  all  neoplasms  is,  if  possible,  excision.  Radio- 
therapy may  be  employed  after  operation  to  prevent  recurrence, 
and  b  often  of  decided  benefit  in  inoperable  cases. 

Status  lymphaticus,  or  lymphatism,  is  a  hyperplasia  of  the  thy- 
mus, spleen,  lymph  tissues,  and  lymphatic  glands  of  the  entire 
body,  including  the  lymphoid  bone  marrow.  It  may  be  associated 
with  rickets,  goiter ,^  or  hypoplasia  of  the  heart  and  aorta.  It  may  be 
found  in  adults  but  is  most  frequent  in  children.  This  condition  is 
<rf  interest  to  the  surgeon,  because  every  now  and  then  it  is  respon- 
sible for  sudden  death  during  or  some  time  subsequent  to  operation, 
often  of  the  most  trivial  nature.  The  cause  of  death  is  not  clear; 
in  a  few  instances  pressure  of  the  enlarged  thymus  on  the  trachea 
seems  to  be  responsible,  but  in  most  cases  a  lympho-  or  thymo-toxemia 
better  fits  the  conditions  found  postmortem.  The  diagnosis  of 
lymphatism  should  make  one  hesitate  to  perform  an  operation  of 
election.  The  patients  are  usually  anemic,  the  tonsils  hypertrophied 
the  lymph  glands  generally  enlarged,  the  thyroid  more  prominent, 
and  the  thymus  increased  in  size  (see  Hyperplasia  of  the  thymus). 


CHAPTER  XVII. 

NERVES 

Neuritis  may  be  acute  or  chronic;  limited  to  a  single  nerve  or 
group  of  nerves,  or  widely  distrihntedipolyneuriUs  or  multipk- 
neuritis).  It  is  caused  by  external  influences,  such  as  cold,  injuries 
and  extension  of  inflammation  from  contiguous  structures;  or  by 
toxic  or  infectious  agents  reaching  the  nerves  through  the  blood, 
such  as  lead,  arsenic,  alcohol,  diphtheria,  gout,  rheumatism,  S3rpliilis, 
beri-beri,  etc. 

The  symptoms  of  the  localized  form,  which  alone  is  amenable  to 
surgical  treatment,  are  sharp  pain  and  tenderness  along  the  nerve, 
which  is  sometimes  palpably  swollen .  In  the  early  stages  there  may  be 
hyperesthesia  of  the  skin,  and  twitching  or  spasms  of  the  muscles; 
later  with  the  onset  of  degenerative  changes  there  are  paresthesia, 
such  as  numbness  or  formication,  and  possibly  complete  anesthesia, 
paresis  or  paralysis  of  the  muscles,  and  various  trophic  lesions,  such 
as  edema,  glossy  skin,  loss  of  the  hair  and  nails,  ankylosis  of  joints, 
ulcers,  localized  sweating,  and  atrophy  of  the  muscles  (which  show 
the  reaction  of  degeneration).  Particularly  in  traimtiatic  cases  the 
inflammation  may  spread  upwards  to  the  spinal  cord,  and  even  to 
the  corresponding  nerve  on  the  opposite  side  of  the  body.  The 
duration  of  neuritis  varies  from  days  to  months  or  years  and  recovery 
may  be  complete  or  only  partial. 

The  treatment  is  removal  of  the  cause  if  possible,  and  during 
the  early  stages,  complete  immobilization,  cold  or  heat,  and  nerve 
sedatives.  Counterirritation  with  a  series  of  blisters  is  often  of 
value.  Any  existing  diathesis  should  be  treated.  In  the  later 
stages  strychnin,  massage,  electricity,  and  active  and  passive  motions 
for  the  prevention  or  alleviation  of  degenerative  changes  are  indi- 
cated. When  internal  medication  fails,  the  nerve  may  be  pierced 
with  needles,  which  are  allowed  to  remain  for  a  short  time  {acupunc- 
ture) ;  injected  with  cocain,  chloroform,  alcohol,  Schleich's  solution,  or 
osmic  acid  (see '  *  Fifth  Nerve  ") ;  cu  t  {neurotomy) ;  resected  {neurectomy) 
or  a vulsed  if  the  nerve  itself  is  of  little  importance ;  when  the  nerve  is  an 
important  one,  it  may  be  stretched  {neurectasy) ;  or  the  sheath  opened 
and  the  flbers  separated  by  blunt  dissection;  and  finally,  in  desperate 
cases,  the  sensory  roots  in  the  spinal  canal  or  the  skull  may  be 
divided  or  the  ganglia  excised. 
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Neuralgia  is  a  paroxysmal  stabbing  or  burning  pain  in  a  nerve  or 
poup  of  nerves,  lasting  from  a  few  seconds  to  hours,  and  recurring 
at  widely  varying  intervals.  The  nerve  may  be  tender  at  a  point 
where  it  leaves  a  bony  canal  or  courses  over  a  resistant  structure 
{feints  dotdoureux)  and  pressure  on  these  points  may  precipitate  an 
attack.  The  muscles  may  twitch  or  be  violently  contracted  during 
the  paroxysm,  and  trophic  changes  may  be  found  in  the  area  over 
which  the  nerve  presides.  Causalgia  (Weir  Mitchell)  is  severe  burn- 
ing pain,  coming  in  paroxysms,  which  may  be  induced  by  a  light 
toudi,  cold,  heat,  and  even  emotional  influences.  It  follows  injury 
to  a  nerve,  most  often  the  median,  and  is  generally  due  to  adhesions 
about  the  nerve  or  to  neuritis. 

The  causes  of  neuralgia  are  those  of  neuritis,  or  those  of  reflex 
irritatioDy  such  as  carious  teeth,  errors  of  refraction,  worms,  and 
diseases  of  the  nose,  throat,  and  ovary.  Anemia,  nervous  tempera- 
ment, and  physical  debility  strongly  predispose  to,  if  not  actually 
cause,  the  disease  in  many  cases.  Neuralgia  is  called  true  when  no 
cause  can  be  found,  secondary,  or  symptomaiicj  when  due  to  some 
general  or  local  affection.  The  more  thoroughly  one  studies  the 
disease  the  more  often  will  the  source  of  irritation  be  discovered; 
thus  sicatica  may  be  due  to  a  pelvic  tumor,  intercostal  neuralgia  to 
^(Hidylitis  or  a  tumor  of  the  spinal  cord,  and  neuralgia  of  the  testicle 
to  an  incipient  hernia. 

The  treatment  of  symptomatic  neuralgia  is  that  of  the  cause. 
Id  true  neuralgia,  the  general  health  should  be  built  up  by  fresh  air, 
good  food,  and  tonics.  Nerve  sedatives  and  hypnotics  are  used 
during  the  attack,  which  in  some  cases  may  be  terminated  by  pres- 
sure over  the  nerve,  or  by  freezing  with  chlorid  of  ethyl.  Morphin  is 
often  absolutely  necessary,  but  in  chronic  cases,  as  in  neuritis,  should 
be  used  with  caution.  The  surgical  treatment  is  that  of  neuritis. 
For  the  special  forms  of  neuralgia  the  reader  is  referred  to  the  section 
»  "Special  Nerves"  and  the  chapters  on  regional  surgery. 

Tumors  of  nerves  include  the  true  neuromata  (rare) ,  made  up  of 
neduUated  (myelinic)  or  non-niedullated  (amyelinic)  nerve  fibers, 
Lod  the  false  neuromata,  which  are  usually  fibrous  or  myxomatous 
irowths  arising  from  the  peri-  or  endoneurium.  Occasionally 
arcoma  develops  in  the  same  situation. 

False  neuromata  may  be  single  or  multiple,  and  vary  greatly  in 
ize.  A  painful  subcutaneous  tubercle  is  a  small  fibroma  developing 
XHn  the  sheath  of  a  nerve  filament.  When  involving  a  large  nerve, 
false  neuroma  may  be  painless  except  when  pressed  upon.  The 
taction  of  the  nerve  is  seldom  disturbed. 
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The  treatment  of  neuroma  is  removal.  A  false  neuroma  of  a  large 
nerve  can  usually  be  enucleated  alter  splitting  the  neural  sheath 
longitudinally  and  separating  any  nerve  fibrils  that  may  be  spread 
over  the  growth.  If  removal  cannot  be  effected  without  destroying 
the  continuity  of  the  nerve,  this  should  be  done  and  the  ends  sutured. 
The  treatment  of  traumatic  neuroma,  a  term  often  applied  to  the 
bulbous  proximal  end  of  a  divided  nerve,  is  excision  (see  "Amputa- 
tions")- 

Neurofibromatosis  {Recklinghausen's  disease)  may  be  congenital, 

hereditary,  or  familial,  and  effects  the  male  more  often  than  the 
female.  It  is  of  long  duration,  and  finally  terminates  in  death, 
often  owing  to  the  development  of  sarcoma  or  phthisis.  The  varie- 
ties mentioned  below  may  exist  singly  or  in  combination. 

Multiple  neurofihromata  may  be  limited  to  a  single  nerve  trunk,  or 
to  a  nerve  and  its  branches  {plexiform  neuroma) ,  often  one  of  the 
head  or  the  neck,  in  which  event  the  thickened,  tortuous,  elongated 
filaments  can  be  felt  beneath  the  skin ;  or  there  may  be  a  widespread 
thickening  {generalized  neurofibromatosis)  of  many,  indeed  all,  of  the 
nerves  of  the  body,  with  the  development  of  multiple  tumors  spring- 
ing from  the  connective  tissue  of  the  nerves.  The  tumors  may  be 
tender  or  there  may  be  no  symptoms.  Paralysis  is  uncommon, 
unless  growths  arise  in  the  spinal  canal. 

Cutaneous  neurofihromata  {molluscum  fibrosum)  are  soft,  lobulated, 
or  flap-like  tumors  which  vary  greatly  in  size,  and  may  be  scattered 
over  the  entire  body,  except  the  palms  of  the  hands  and  the  soles  of 
the  feet.  They  are  supposed  to  originate  in  the  sheaths  of  the 
dermal  nerves. 

Elephantine  thickening  of  the  entire  cutaneous  and  subcutaneous 
tissue  covering  a  part,  e.g.,  the  leg  {elephantiasis  neuromatosa,  pachy- 
dermatocele), is  really  a  diffusion  of  molluscum  fibrosum.  It  diffeR 
from  other  forms  of  elephantiasis  in  that  it  may  exist  at  birth  {cof^ 
genital  elephantiasis)  and  be  associated  with  multiple  neuromata. 

Brownish  pigmentation  of  the  skin,  in  patches  or  diffused,  ma) 
appear  in  any  of  the  forms  of  neurofibromatosis,  the  face,  the  neck 
and  the  trunk  being  the  regions  most  often  discolored. 

The  treatment  of  plexiform  neuroma  is,  in  some  cases,  excision 
Generalized  neurofibromatosis  is  not  amenable  to  surgical  treatmen 
if  one  excepts  amputation  for  an  elephantiasis  neuromatosa  that,  b] 
its  size  and  weight,  interferes  with  locomotion. 

Injuries  of  Nerves. — Concussion  of  a  nerve  may  occur  when  it  i 
violently  jarred,  e.g.,  by  a  bullet  which  passes  close  to  the  ncrv« 
In  the  pure  form  there  is  no  anatomical  lesion  and  only  a  temponQI 
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usually  incomplete,  suspension  of  the  function  of  the  nerve  (cf. 

"Cerebral  Concussion")- 

ContusiQii  of  a  nerve  causes  violent  pain,  and  if  severe,  signs  of 
mcomplete  or  complete  section  of  the  nerve  (vide  infra) .  It  may  be 
followed  by  neuritis  and  subsequent  degeneration.  The  treatment 
is  rest,  and  later  massage  and  electricity.  If  the  symptoms  are  those 
of  complete  section  and  the  reaction  of  degeneration  appears,  the 
nen-e  should  be  exposed  by  an  incision,  when  it  may  be  discovered 
that  the  injury  is  a  rupture  instead  of  a  contusion,  in  which  event  the 
nerve  should  be  sutured.  Usually  the  site  of  injury  is  marked  by  a 
thickened,  indurated  area,  which  should  be  resected,  and  the  ends  of 
the  nerve  sutured.  If  no  change  in  the  nerve  can  be  found,  the 
incision  is  closed. 

Compression  of  a  nerve  may  be  caused  by  tumors,  aneurysms, 
fractures,  dislocations,  cicatricial  tissue,  callus  formation,  tourni- 
quets, splints,  crutches,  etc.  Acute  compression ,  such  as  that  due  to 
lying  on  the  arm  during  sleep  or  other  unconscious  states,  causes 
anesthesia  and  paralysis,  or  in  the  slighter  forms  a  sensation  of 
numbness  or  tingling.  Chronic  compression,  gradually  produced, 
causes  at  first  increase  in  the  function  of  the  nerve,  i.e.,  neuralgia, 
and  twitching  or  spasms  of  the  muscles,  and  later,  anesthesia,  paraly- 
sis, and  trophic  changes.  The  treatment  is  removal  of  the  cause, 
massage,  and  electricity.  After  the  liberation  of  a  nerve  from  callus 
or  cicatricial  tissue  {neurolysis)  its  sheath,  if  much  thickened,  should 
be  split  longitudinally,  in  order  to  relieve  the  fibers  of  the  pressure 
thus  exerted,  and  the  nerve  may  be  wrapped  in  muscle,  Cargile 
membrane  or,  best,  fat  to  prevent  the  reformation  of  adhesions. 
After  neurolysis  the  function  of  the  nerve  is  restored  in  65  per  cent, 
of  the  cases  (Hashimoto) . 

Comidete  rupture  or  section  of  a  peripheral  nerve  is  followed 
by  (i)  immediate  paralysis  if  it  contains  motor  fibers;  (2)  imme- 
diate anesthesia  if  it  contains  sensory  fibers;  and  (3)  by  trophic 
changes. 

1.  Paralysis  involves  all  the  muscles  supplied  exclusively  by  the 
nerve.  It  may  be  recalled  that  certain  muscles  are  supplied  by  more 
than  one  nerve,  and  that  as  most  movements  are  the  result  of  the 
action  of  several  muscles,  it  is  necessary,  in  order  to  determine  the 
exact  extent  of  the  paralysis,  to  investigate  the  muscles  themselves 
rather  than  the  movements  which  they  produce. 

2.  Anesthesia  of  the  skin  is  complete  only  in  the  area  supplied 
cxdasively  by  the  nerve;  in  the  parts  which  it  supplies  in  common 
*itk  other  nerves,  loss  of  sensation  is  incomplete  or  absent.    Sherren 
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divides  the  peripheral  sensory  nerve-fibers  into  three  classes:  (a)  ^ 
Nerve- fibers  of  deep  sensaHon  recognize  deep  pressure  and  the  position 
and  movements  of  the  bones  and  joints.  They  accompany  the  motor 
nerves  to  the  muscles  and  course  through  tendons,  ligaments,  and 
bones,  hence  deep  sensation  is  rarely  impaired,  unless  the  nerve  is 
divided  above  all  it^  motor  branches  or  unless  the  muscles  and  ten- 
dons are  severed,  (b)  Protopathic  nerve-fibers  are  important  agents 
in  the  production  of  reflex  movements.  They  appreciate  pain,  e.g., 
a  pin  prick,  and  great  variations  in  temperature,  but  the  sensations 
are  badly  localized,  radiate  widely,  and  are  accompanied  by  tingling, 
As  the  protopathic  fibers  of  adjacent  nerves  overlap  to  a  considerable 
extent,  section  of  a  single  nerve  results  in  a  loss  of  their  functions  in  a 
small  and  variable  area,  (c)  Epicritic  nerve-fibers  perceive  and 
accurately  localize  light  touches,  e.g.,  of  a  hair,  trivial  changes  in 
temperature,  and  the  contact  of  two  points,  e.g.,  of  a  compass,  close 
together.  These  fibers  do  not  overlap  so  much  as  the  protopathic 
fibers,  hence  after  section  of  a  nerve  their  functions  are  destroyed  over 
a  well  defined  and  larger  area,  which  corresponds  in  outline  to  that 
given  in  an  anatomical  treatise  as  representing  the  distribution  of  the 
nerve. 

3 .  The  trophic  changes  are  at  first  hyi)ereniia  and  elevation  of  the 
local  temperature,  owing  to  vasomotor  paralysis;  later  the  parts 
become  cold  and  livid.  If  neuritis  is  absent,  the  skin  becomes  dry, 
rough,  scaly,  and  edematous;  if  neuritis  is  present,  thin,  smooth 
shiny,  and  often  bathed  with  sweat.  In  the  latjer  instance  vesicular 
and  pustular  eruptions,  painless  ulcers  and  subcuticular  abscesses, 
and  chilblains  may  occur.  The  nails  may  become  curved,  brittle, 
and  ridged  transversely  and  longitudinally,  sometimes  being  shed 
as  the  result  of  paronychia.  The  hair  likewise  becomes  brittle  and 
is  lost.  The  subcutaneous  tissues  and  the  bones  may  atrophy,  and  the 
joints,  especially  those  of  the  fingers,  may  be  the  seat  of  a  plastic 
synovitis  that  eventuates  in  ankylosis.  The  muscles  atrophy  and  are 
ultimately  replaced  by  fibrous  tissue,  deformities  often  resulting  from 
contraction  of  the  unopposed  normal  muscles.  The  electrical  reac- 
tions are  altered.  The  nerve  slowly  fails  to  respond  to  the  faradic 
and  galvanic  currents,  all  excitability  disappearing  after  twelve  da)rs. 
The  muscles  cease  to  react  to  the  faradic  current  in  from  three  to 
eight  days,  but  during  the  first  few  weeks  excitability  by  the  galvanic 
current  is  increased  and  the  reaction  of  degeneration  appears,  i.e.,  the 
anodal  closure  is  greater  than  the  cathodal  closure  contracture,  which 
is  the  reverse  of  normal.  As  the  degenerative  changes  in  the  muscles 
advance,  excitability  by  the  galvanic  current  slowly  dtwteWlWi  WM^- 
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finaDy,  after  a  year  or  perhaps  several  years,  all  contractility  is  lost, 
and  recovery  cannot  occur. 

Secondary^  or  WaUerian  degeneration^  takes  place  in  the  proximal 
segment  as  far  as  the  first  node  of  Ranvier,  and  in  the  entire  distal 
segment,  the  medullary  substance  undergoing  segmentation,  and 
with  the  axis  cylinders  finally  becoming  absorbed.  These  changes 
tre  said  to  occur  whether  the  nerve  is  sutured  at  once  or  not.  If  the 
nerve  does  not  unite,  the  central  end  becomes  bulbous,  owing  to  the 
foimation  of  fibrous  tissue  in  which  coils  of  new  axis  cylinders 
appear.  Thus  the  end-bulb  is  really  a  neurofibroma,  and  sometimes, 
particularly  after  amputations,  it  becomes  excessively  painful 
(see  "Amputations")-  The  peripheral  end  also  may  become  bul- 
boas,  but  more  commonly  it  shrinks. 

Regeneration  is  thought,  by  some,  to  be  due  to  the  outgrowth  of 
the  undegenerated  axis-cyUnders  of  the  proximal  segment,  which, 
when  the  ends  of  the  nerve  are  approximated  and  occasionally  when 
the  ends  are  separated  some  distance,  force  their  way  downwards 
through  the  distal  segment.  Others  believe  the  axis  cylinders  are 
refonned  by  proliferation  of  the  neurilemma  cells,  and  that  the  distal 
segment  regenerates  even  when  not  brought  in  contact  with  the 
proximal  segment;  certain  it  is  that  sensation  sometimes  returns  so 
ntpidly  after  secondary  suture  as  to  be  explainable  only  by  the  union 
rf  the  axis-cylinders  from  each  segment.  As  a  rule  regeneration  is 
not  completed  for  many  months  and  sometimes  not  for  several 
years.  In  Gosset's  series  of  cases  of  nerve  suture,  the  first  voluntary 
movements  were  observed  at  periods  ranging  from  three  months 
(median  nerve)  to  21  months  (sciatic  nerve),  the  average 
varying  from  about  six  months  (median  nerve)  to  16  months  (sciatic 
nerve).  Restoration  of  function  is  first  manifested  by  an  improve- 
ment in  the  nutrition  of  the  part.  Sensation  always  reappears 
before  motion,  which  in  many  cases  is  never  perfectly  regained. 

The  treatment  is  immediate  suture,  or  neurorrhaphy.  The 
principles  of  neurorrhaphy  are  asepsis;  gentleness  (the  nerve  should 
ttot  be  handled  with  forceps) ;  resection,  with  a  sharp  knife,  of  lac- 
erated nerve  ends  or,  in  secondary  neurorrhaphy,  scar  tissue;  ap- 
)roximation  without  tension  or  axial  rotation,  one  or  two  catgut 
utures  being  passed  through  the  ends  of  the  nerve,  and  the  sheath 
iccurately  stitched  with  the  same  material;  prevention  of  adhesions 
fy  covering  the  suture  line  with  fat;  rigorous  hemostasis;  no  drain- 
ge.  In  secondary  neurorrhaphy  i.e.,  weeks  or  months  after  the 
ijmy,  the  nerve  should  first  be  isolated  above  and  below  the  scar. 
the  ends  have  been  found,  they  are  removed  by  shaving  ofiF 
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successive  transverse  sections  until  the  nerve  fasciculi  project  as 
isolated  bundles  free  from  fibrous  tissue.     When  the  resulting  gap  is 
wide  it  may  be  closed  by  the  following  methods:  (i)  The  ends  of  the 
nerve  can  be  brought  together  by  stretching  each  segment  and  by 
flexing  the  neighboring  joint,  the  flexion  being  maintained  for  three 
or  four  weeks,  after  which  the  joint  is  gradually  extended ;  by  altering 
the  course  of  the  nerve,  e.g.,  by  transferring  the  ulnar  nerve  to  the 
front  of  the  elbow;  or  by  resecting  bone  in  order  to  shorten  the  limb. 
When  the  ends  of  the  nerve  are  directly  united  more  or  less  function 
returns  in  about  75  per  cent,  of  the  cases.     (2)  Neuroplasty  (Fig. 
142)  is  generally  regarded  as  illogical,  since  the  terminations  of  the 
axis  cylinders,  at  least  in  one  segment,  are  not  brought  in  contact. 
(3)  Anastomosis  with,  or  transplantation  to,  a  neighboring  nerve 
has  given  an  occasional  success  (Figs.  143  to  146).     (4)  Free  trans- 
plantation is  in  the  experimental  stage,  but  a  few  successful  results 


Pig.  142.      Pigs.  143,  144,  145.  146. 

Neuroplasty.  Nerve  transplantation  or  anastomosis; 

paralyzed  nerve  shaded. 


Pig.  147. 
Suture  d  distance. 


have  been  reported.  The  transplant  can  be  obtained  from  the 
paralyzed  nerve,  by  taking  one  half  of  its  thickness  for  an  appro- 
priate distance;  or  a  relatively  unimportant  nerve,  e.g.,  the  radial, 
the  long  saphenous,  or  the  musculocutaneous  of  the  leg,  can  be 
excised,  cut  into  suitable  lengths,  and  the  pieces  tied  together  with 
catgut  so  as  to  form  a  bundle.  Grafts  from  a  recently  amputated 
limb  and  from  lower  animals  also  have  been  tried.  (5)  Suture  a 
distance  (Fig.  147)  is  useless  unless  the  "distance"  is  very  short. 
(6)  Tubulization  consists  in  placing  each  end  of  the  nerve  in  an  ex- 
cised segment  of  the  vein,  a  segment  of  formalinized  artery,  a  tube 
composed  of  fascia,  decalcified  bone,  or  other  material,  to  prevent 
the  intervention  of  surrounding  structures.  In  nine  cases  of  tubu- 
lization in  animal  experimentation  the  result  was  "good"  in  one, 
"fair"  in  one  (Lewis).  If  the  patient  has  had  an  infected  wound 
neurorrhaphy  should  not  be  performed  until  the  wound  has  been 
healed  for   several  [months,  because  of  the  danger  of  mobilizing 
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itent  bacteria.  Before  and  after  operation  overstretching  of  par- 
lyzed  muscles  should  be  prevented  by  sphnts  or  braces,  and  mas- 
age,  electricity,  and  passive  motions  used  as  long  as  the  paralysis 
nntinues.  If  the  operations  listed  above  are  inapplicable  the 
unction  of  the  part  may  sometimes  be  improved  by  tenoplasty, 
nyoplasty,  or  the  adjustment  of  orthopedic  apparatus. 

Pttrtial  section  of  a  mixed  nerve,  if  not  more  than  one-third  is 
iivided,  may  cause  no  symptoms.  Paralysis,  when  present,  is 
incomplete,  and,  although  the  muscles  may  tail  to  respond  to  farad- 
ism,  they  react  promptly  to  the  galvanic  current  and  without  showing 
the  reaction  of  degeneration,  i.e. ,  polar  reversal.  Anesthesia  involves 
principally  the  epicritic  nerves,  i.e.,  those  which  appreciate  light 
toucn.  Trophic  disturbances  are  slight  or  absent ,  unless  a  neuritis 
is  inaugurated.  Aside  Irom  removal  ol  a  foreign  body,  which  might 
pre\'ent  union  of  the  divided  fibers  or  cause  irritation,  the  treatment 
is  expectant;  and  the  prognosis  is  good.  If  susbequent  to  the  injury 
a  lateral  neuroma  forms  and  causes  trouble  it  may  be  resected  and 
the  divided  fibres  sutured,  after  separating  them,  if  necessary,  from 
the  healthy  portion  of  the  nerve,  in  which  case  the  latter  would, 
at  the  completion  of  the  operation,  be  thrown  into  a  series  of  curves. 

LESIONS  OF  SPECIAL  NERVES 

In  affections  of  the  cranial  nerve  trunks  the  loss  of  function  is  on 
the  same  side  as  the  lesion;  if  the  lesion  be  central,  i.e.,  in  the  brain 
the  symptoms  are  referred  to  the  opposite  side  of  the  body. 

The  olfactory  nerve  may  be  injured  in  fractures  of  the  cribriform 
[>late  or  in  contusions  of  the  forehead,  resulting  in  transitory  or 
|)cnnanent  anosmia  (loss  of  smell) . 

The  optic  nerve  also  may  be  involved  in  a  fracture  of  the  base  of 
ie  skull,  resulting  in  rupture  or  compression  of  the  nerve.  In  the 
bnner  event  blindness  is  permanent,  in  the  latter,  particularly  when 
luc  to  blood,  vision  may  be  restored.  The  optic  nerve  may  be 
impressed  also  by  inflammations  in  the  orbit,  or  by  tumors,  aneur- 
'sms,  foreign  bodies,  or  cicatricial  tissue.  Optic  neuritis  {papil- 
itis,  choked  disc)  is  usually  the  result  of  increased  intracranial  pres- 
ure,  e.g.  from  tumor  or  abscess  of  the  brain. 

The  third  nerve  (motor  oculi)  may  be  affected  centrally  in  cerebral 
Sections,  or  peripherally  by  trauma,  tumors,  etc.  The  nerve 
applies  the  iris  and  all  the  muscles  of  the  orbit  except  the  superior 
blique  and  the  external  rectus.  Paralysis  of  the  nerve  causes 
toss,  external  squint  with  the  eye  turned  a  httle  downwards,  mydria- 
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sis,  loss  of  accommodation  owing  to  paralysis  of  the  ciliary  muscle 
and  slight  exophthalmos  owing  to  the  loss  of  tension  exercised  by  the 
muscles. 

The  fourth  nerve  (patheticus)  supplies  the  superior  oblique, 
paralysis  of  which  causes  impaired  movement  of  the  eye  downwards 
and  outwards. 

The  fifth  or  trigeminal  nerve  supplies  the  face  with  sensation 
and  the  muscles  of  mastication  with  motion.     It  is  rarely  afiFected 
in  head  injuries,  but  is  often  the  seat  of  neuralgia.     Trifacial  or 
trigeminal  neuralgia,  (called  also  tic  douloureux  in  contradistinction  to 
tic  convulsify  which  is  a  spasm  of  the  facial  muscles,  and  which  may  or 
may  not  be  associated  with  neuralgia  of  the  fifth  nerve),  usually 
begins  in  the  infraorbital  or  inferior  dental  branches.    It  is  charac- 
terized by  paroxysms  of  excruciating  pain,  often  provoked  by  the 
slightest  irritation,  such  as  a  breath  of  air  or  attempts  at  mastication. 
There  may  be  lacrymation,  an  increase  in  the  amount  of  saliva  and 
nasal  mucus,  unilateral  sweating  of  the  head,  and,  as  already  men- 
tioned, spasm  ot  the  facial  muscles.    There  are  two  forms,  the  reflex 
or  symptomatic,  which  may  occur  at  any  time  of  life,  and  true  tic 
douloureux,  which  generally  occurs  after  the  fortieth  year,  and  which 
is  thought  to  be  due  to  a  senile  sclerosis  of  the  nerve  or  the  blood 
vessels.     The  treatment  is  the  removal  of  any  reflex  irritation,  such 
as  errors  of  refraction,  diseases  of  the  nose,  teeth,  ear,  etc.,  and  the 
combating  of  any  existing  constitutional  affection,  such  as  malaria, 
anemia,  syphilis,  gout,  rheumatism,  or  other  toxic  or  infectious 
condition.     Of  the  many  local  measures  which  have  been  used  may 
be  mentioned  cold,  heat,  menthol,  belladonna,  chloral  croton,  blisters, 
the  cautery,  freezing  of  tender  points  {points  douloureux),  and  the 
galvanic  current.     Nerve  sedatives  and  hypnotics  must  be  used  for 
the  pain.     Strychnin  in  increasing  doses,  until  some  physiological 
results  have  been  obtained,  has  been  highly  recommended.     When 
these  measures  fail  operative  treatment  will  be  demanded.     Facial 
neuralgia  has  been  treated  by  ligation  of  the  common  carotid,  resec- 
tion of  the  superior  cervical  ganglion  of  the  sympathetic,  and  by 
stretching  the  seventh  nerve  when  associated  with  tic  convulsif ,  but 
practically  all  surgeons  prefer  to  attack  the  fifth  nerve  itself.     Simple 
division  of  the  nerve  and  nerve  stretching  are  very  transient  in  their 
effects  and  are  not  recommended.     In  order  to  effect  a  physiological 
section,  5  or  lom.  of  a  1.5  per  cent,  solution  of  osmic  acid  are  in- 
jected into  the  branches  of  the  nerve  after  they  have  been  exposed  by 
incision.     Alcohol  (80  per  cent.),  formalin,  and  other  substances 
have  been  used  in  a  similar  way,  or  injected  subcutaneously  into 
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the  nerves  at  their  points  of  exit  from  the  cranium.  The  last  named 
procedure  requires  special  skill  and  is  not  without  danger.  The 
relief  obtained  may  last  from  a  few  weeks  to  a  few  months,  occasion- 
illy  a  few  years,  and  rarely  it  may  be  permanent.  More  satisfactory 
faom  a  surgical  standpoint  is  resection  of  the  peripheral  branches  of 
the  nerve,  which  may  have  to  be  repeated,  owing  to  the  regeneration 
of  these  filaments.  Regeneration  is  especially  likely  to  occur  when 
the  nerve  occupies  a  bony  canal,  hence,  after  resection,  some  surg- 
eons plug  the  canal  with  gold  foil,  dental  paste,  or  a  similar  material. 
Kanavel  suggests  covering  the  foramen  with  a  flap  of  periosteum, 
or  filling  the  canal  with  an  osseous  transplant.  When  the  entire 
nerve  is  involved  or  recurrences  are  frequent,  more  formidable 
operations  are  required,  even  to  resection  of  the  Gasserian  ganglion. 

Resection  of  the  supraorbital  nerve  may  be  performed  through  an 
mdsion  about  one  inch  long  in  the  line  of  the  eyebrow,  after  this  has 
been  removed  by  shaving.  The  nerve  makes  its  exit  through  the 
supraorbital  notch  or  foramen,  at  the  junction  of  the  inner  and  middle 
thirds  of  the  upper  margin  of  the  orbit.  As  much  of  each  end  as 
possible  is  removed. 

The  supratrochlear  nerve  may  be  found  at  a  point  where  a  line 
drawn  from  the  angle  of  the  mouth  to  the  inner  canthus  touches 
the  upper  margin  of  the  orbit. 

The  infraorbital  nerve  emerges  from  the  infraorbital  foramen 
about  one-third  inch  below  the  middle  of  the  lower  margin  of  the 
orbit.  A  curved  incision  is  made  below  the  lower  margin  of  the 
orbit  and  the  nerve  isolated.  The  periosteum  of  the  orbital  floor 
is  then  elevated,  the  roof  of  the  infraorbital  canal  opened,  and  the 
nerve  divided  as  far  back  as  possible  and  drawn  out  through  the 
foramen.  By  this  method  even  the  main  truiik  of  the  superior 
maxillary  may  be  reached  and  divided. 

The  sapericft  maxillary  nerve  and  Meckel's  ganglion  may  be 
removed  by  the  Carnochan-Chavasse  operation.  A  T-shaped  inci- 
sion is  made,  the  horizontal  portion  of  which  runs  from  canthus  to 
canthus  beneath  the  lower  margin  of  the  orbit,  and  the  vertical, 
downwards  from  the  center  of  this  incision  to,  but  not  into,  the  mouth. 
The  infraorbital  nerve  is  isolated  and  secured  with  a  piece  of  silk, 
and  both  the  anterior  and  posterior  walls  of  the  antrum  are  opened 
by  a  gouge  or  chisel,  care  being  taken  not  to  injure  the  internal 
maxillary  artery.  The  infraorbital  canal  is  opened  on  the  roof  of 
the  antrum,  and  the  nerve  divided  on  the  cheek  and  pulled  down 
through  the  antrum.  It  is  then  traced  backwards  to  the  foramen 
fOCnndiimy    where  after  slight   traction  it    is  divided.     Meckel's 
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ganglion  is  brought  away  with  the  nerve.  The  same  procedure  has 
been  carried  out  through  the  orbit,  and  from  the  side  of  the  face 
after  resection  of  the  zygoma  and  coronoid  process  of  the  lower  jaw. 

The  inferior  dental  nerve  may  be  resected  by  making  an  incision 
along  the  lower  border  of  the  jaw  back  to  the  angle.  The  masseter 
is  scraped  from  the  bone,  which  is  then  chiseled  or  trephined  about 
one  and  one-fourth  inches  above  the  angle,  so  as  to  remove  the  outer 
half  of  the  thickness  of  the  bone  and  expose  the  nerve  at  its  ehtrance 
into  the  inferior  dental  foramen.  The  nerve  is  lifted  from  its  bed 
by  a  sharply  curved  hook,  and  as  much  of  each  end  as  possible  re- 
moved by  avulsion.  The  inferior  dental  may  be  resected  also  through 
the  mouth.  A  gag  is  placed  between  the  teeth  of  the  opposite  side, 
and  an  incision  made  along  the  anterior  border  of  the  ramus  of  the 
lower  jaw  to  the  last  molar  tooth.  After  separating  the  internal 
pterygoid  muscle  from  the  bpne  and  locating  the  spine  of  Spix,  at  the 
base  of  which  is  the  inferior  dental  foramen,  a  hook  is  passed  around 
the  nerve  and  as  much  of  it  as  possible  removed. 

The  lingual  nerve  may  be  exposed  in  the  mouth  by  making  an 
incision  midway  between  the  tongue  and  the  gum  of  the  last  molar 
tooth,  or  externally  by  an  incision  in  the  submaxillary  triangle. 

The  auriculo-temporal  nerve  may  be  exposed  at  the  root  of  the 
zygoma  by  a  vertical  incision  between  the  temporal  artery  and  the 
pinna. 

The  buccal  nerve  may  be  exposed  by  a  vertical  incision  through  the 
mucous  membrane  and  buccinator  fibers,  the  center  of  the  incision 
being  at  the  middle  of  the  anterior  border  of  the  vertical  ramus  of  the 
inferior  maxilla. 

The  inferior  maxillary  nerve  may  be  divided  at  the  foramen  ovale 
after  resection  of  the  zygoma  or  coronoid  process,  or  both.  Another 
method  is  to  deepen  the  sigmoid  notch  of  the  lower  jaw  three-fourths 
of  an  inch  or  more. 

Mjrzter's  operation  is  a  resection  of  the  second  and  third  divisions 
of  the  fifth  nerve  at  their  exit  from  the  skull,  after  tempK)rary  resec- 
tion of  the  zygoma.  In  Abbe's  operation  the  external  carotid  is 
ligated  and  a  vertical  incision  made  above  the  middle  of  the  zygoma. 
The  skull  is  then  opened  by  gouge  and  rongeur,  and  the  second  and 
third  divisions  exposed  extradurally  and  severed  at  the  foramen 
rotundum  and  foramen  ovale.  A  slip  of  gutta-percha  tissue  is 
placed  over  the  foramina  in  order  to  prevent  the  junction  of  the 
divided  nerves. 

Removal  of  the  Gasserian  ganglion  is  indicated  in  cases  in  which 
the  entire  nerve  is  involved,  or  in  which  less  dangerous  operations;'- 
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have  failed.  In  the  Hartiey-Krause  method  a  horseshoe-shaped  osteo- 
plastic flap  consisting  of  scalp  and  bone  is  made  in  the  temporal 
region  ^th  the  base  at  the  zygoma.  In  raising  this  flap  the  middle 
meningeal  artery  is  often  injured.  The  dura  mater  is  not  opened, 
but  is  stripp>ed  frpm  the  middle  fossa  of  the  skull  until  the  second  and 
third  divisions  of  the  nerve  are  found ;  these  are  traced  backward  to 
the  ganglion  at  the  apex  of  the  petrous  portion  of  the  temporal  bone. 
The  dural  envelope  (cavum  of  Meckel)  of  the  ganglion  is  then  opened, 
the  ganglion  separated  from  this  envelope,  the  second  and  third 
divisions  divided  near  their  foramina,  and  the  ganglion  twisted  out 
with  forceps.  Cusking,  after  cutting  through  the  zygoma  at  each 
cad,  opens  the  skull  lower  down,  so  as  to  avoid  injury  to  the  middle  ' 
meningeal  artery.  Rose  reaches  the  ganglion  through  the  pterygoid 
region  after  resecting  the  zygoma  and  the  coronoid  process  of  the 
lower  jaw.  In  Horsley's  method  the  dura  is  opened  and  the  ganglion 
removed.  In  the  SpiUer-Frazier  operation  the  sensory  root  of  the 
ganglion  alone  is  divided.  The  mortality  of  these  operations  is  from 
ID  to  20  per  cent.,  but  the  chance  of  permanent  cure  in  those  who 
survive  is  very  great.  Ulceration  of  the  cornea  may  occur,  and 
should  be  anticipated  by  suturing  the  eyelids  together  at  the  time 
of  opjeration,  and  later,  if  there  is  the  slightest  irritation,  by  the  wear- 
ing of  a  watch  glass  over  the  eye.  The  cavernous  sinus  and  the 
9xth  nerve  have  both  been  injured  during  operation. 

Division  of  the  sixth  nerve  causes  internal  squint  as  the  result  of 
paralysis  of  the  external  rectus. 

The  seventh  or  facial  nerve  may  be  paralyzed  (Bell's  palsy)  within 

the  cranium  from  tumor,  abscess,  hemorrhage,  thrombosis,  embolism, 

softening  of  the  brain,  etc.;  in  its  passage  through  the  Fallopian  canal 

from    fracture  of   the  base  of  the  skull  and  middle  ear  disease, 

causing  compression  or  neuritis;  and  at  its  emergence  from  the  styloid 

foramen   by  trauma,  tumors,  and  neuritis  from  cold.     When  the 

nerve  is  affected  in  the  cortex,  corona  radiata,  or  internal  capsule, 

the  lower  half  of  the  opposite  side  of  the  face  is  paralyzed,  usually 

with  hemiplegia,  and  the  reactions  of  degeneration  are  absent.    When 

the  lesion  is  in  the  lower  part  of  the  pons,  the  face  is  paralyzed  on  the 

same  side,  and  the  arm  and  leg  on  the  opposite  side  {crossed  paralysis)  ^ 

owing  to  the  fact  that  the  motor  fibers  to  the  arm  and  leg  decussate 

in  the  medulla.    A  lesion  between  the  brain  and  the  Fallopian  canal 

is  often  accompanied  by  deafness,  and  the  paralysis  involves  the 

eatire  face  of  the  same  side.     Section  of  the  facial  nerve,  where  it  is 

accompanied  by  the  chorda  tympani,  i.e.,  between  the  geniculate 

ganglion  and  the  lower  part  of  the  Fallopian  canal,  causes  loss  of 

23 
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taste  over  the  anterior  two-thirds  of  the  corresponding  half  of  the 
tongue. 

The  treatment  is  removal  of  the  cause,  whenever  possible.  Mas- 
sage, electricity,  and  iodid  of  potassium  are  used  in  cases  not  suitable 
for  surgical  treatment.  In  cases  of  extracerebral  origin  in  which 
electrical  examination  reveals  the  presence  of  fairly  healthy  muscles, 
the  nerve  may  be  severed  at  the  stylomastoid  foramen  and  the  distal 
end  sutured  into  the  spinal  accessory  or  hypoglossal  nerve.  The 
extent  of  recovery  is  limited  to  associated  movements  in  conjunction 
with  the  shoulder.  The  cases  most  suitable  for  operation  are  those 
in  which  the  palsy  has  lasted  for  six  months  without  any  signs  of 
recovery.  The  operation  may  be  done  also  in  severe  cases  of  facial 
tic  (clonic  spasms  of  the  facial  muscles)  which  have  resisted  medical 
treatment  and  neurectasy  (Ballance  and  Stewart). 

The  eighth  or  auditory  nerve  may  be  involved  in  tumors,  menin- 
gitis, hemorrhage,  or  traumatism,  often  resulting  in  incurable  deafness. 
It  has  been  divided  for  uncontrollable  tinnitus  of  peripheral  origin. 

Lesions  of  the  £^ossophar]mgeal  nerve  are  rare;  paralysis  would 
affect  taste,  swallowing,  and  possibly  speaking. 

The  tenth  or  pneumogastric  nerve  may  be  compressed  by  tumors 
or  aneurysms,  or  injured  in  fracture  of  the  base  of  the  skull  or  in 
operations  on  the  neck.  Irritation  may  cause  vomiting,  inhibition 
of  the  heart,  and  spasm  of  the  laryngeal  muscles.  Division  of  one 
pneumogastric  may  be  followed  by  few  or  no  symptoms,  but  division 
of  both  nerves  causes  death  from  paralysis  of  the  laryngeal  muscles. 
A  lesion  of  the  pneumogastric  nerve  in  the  lower  part  of  the  neck,  or 
of  the  recurrent  laryngeal  branch,  causes  paralysis  of  the  muscles  of 
one  side  of  the  larynx,  with  resulting  hoarseness  and  impaired 
phonation. 

The  eleventh  or  spinal  accessory  nerve  is  exposed  to  wounds  and 
many  forms  of  irritation.  Section  of  the  branch  which  joins  the 
pneumogastric  results  in  paralysis  of  the  laryngeal  muscles.  The 
external  branch  is  distributed  to  the  sternomastoid  and  trapezius, 
which  muscles  may  not  be  completely  paralyzed  after  division  of  the 
nerve,  as  they  receive  j&laments  also  from  the  cervical  nerves.  The 
nerve  has  been  stretched  or  divided  for  spasmodic  torticollis. 

The  twelfth  or  hypoglossal  nerve  when  divided,  causes  paralysis 
of  one  side  of  the  tongue,  which,  when  protruded,  is  directed  to  the 
paralyzed  side;  deglutition  also  may  be  impaired. 

The  phrenic  nerve,  when  irritated,  causes  hiccough,  and  when 
divided,  paralysis  of  the  diaphragm,  which,  if  unilateral,  is  often 
scarcely  noticeable,  but  if  bilateral  may  cause  instant  dMtlL  m 
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The  brachial  plexus  may  be  injured  (a)  above  or  (b)  below  the 
claM'de. 

(a)  Supraclavicular  injuries  may  be  direct,  e.g.,  from  penetrating 
wounds,  fracture  of  the  clavicle  or  cervical  spine,  or  pressure  of  a 
cervical  rib;  or  indirect,  the  nerves  being  overstretched  or  ruptured 
as  the  result  of  traction,  the  direction  and  violence  of  the  force 
determining  the  grade  and  extent  of  the  paralysis,  of  which  there 
are  three  common  types. 

1.  The  upper  arm,  or  Duchenne-Erb  type,  is  the  most  frequent. 
It  is  due,  not  to  the  pressure  of  the  clavicle,  as  has  been  thought, 
but  to  a  forcing  apart  of  the  head  and  shoulder,  the  brunt  of  the 
strain  falling  upon  the  anterior  primary  division  of  the  fifth  cervical 
nerve,  hence  paralysis  of  the  deltoid,  supraspinatus,  infraspinatus, 
biceps,  brachialis  anticus,  supinator  longus,  and  supinator  brevis, 
which  causes  loss  of  abduction  and  outward  rotation  of  the  arm  and 
loss  of  flexion  and  supination  of  the  forearm.  Sensation  is  not  im- 
paired. When  the  traction  is  less  severe  only  the  upper  part  of  the 
fifth  cervical  may  be  ruptured,  resulting  in  paralysis  of  the  deltoid 
and  ^inati;  as  these  cases  follow  a  blow  on  the  shoulder  they  are 
frequently  diagnosticated  as  injury  to  the  circumflex  nerve  (Sherren). 

2.  The  lower  arm,  or  Klumpke  type,  is  caused  by  upward  traction 
on  the  arm  e.g.,  when  a  man  saves  himself  from  a  fall  from  a  height 
by  clutching  a  projection  of  some  sort.  In  these  cases  the  first  dorsal 
oove  is  stretched  or  torn,  and  the  intrinsic  muscles  of  the  hand  and 
often  the  cervical  sympathetic  nerve  are  paralyzed.  Anesthesia 
exists  over  the  inner  side  of  the  arm  and  forearm,  and  occasionally 
along  the  ulnar  border  of  the  hand. 

3.  The  whole  plexus  type  may  be  due  to  upward  or  downward 
traction,  when  of  severe  grade.  All  the  muscles  of  the  upper  ex- 
tremity, excluding  the  rhomboids  and  the  serratus  magnus,  are 
paralyzed,  usually  with  impairment  of  the  functions  of  the  cervical 
sympathetic  nerve.  Anesthesia  exists  over  the  whole  limb,  except- 
ing the  area  along  the  inner  side  of  the  arm  supplied  by  the  intercosto- 
bumeral  nerve. 

(b)  Infraclavicular  injuries,  aside  from  penetrating  wounds,  are 
usually  the  result  of  direct  pressure,  e.g.,  from  a  crutch,  from  disloca- 
titti  or  fracture  of  the  upper  end  of  the  humerus  or  attempts  to  reduce 
the  deformity  in  these  cases,  especially  by  the  heel-in-axilla  method. 
The  two  common  forms  are  the  whole  plexus  type,  which  differs 
from  that  of  the  supraclavicular  variety,  in  that  the  anesthesia  is 
complete,  and  the  irtner  cord  type,  which  gives  the  symptoms  of 
injury  to  the  ulnar  nerve,  with  paralysis  of  the  muscles  of  the  hand 
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supplied  by  the  median  nerve.  Lesions  of  the  outer  cord  are  accom- 
panied by  paralysis  of  the  biceps,  coracobrachialis,  and  the  muscles 
innervated  by  the  median,  except  those  of  the  hand,  and  by  anesthe- 
sia of  the  outer  side  of  the  forearm.  Lesions  of  the  posterior  cord 
cause  symptoms  identical  with  those  of  the  musculospiral  and  circum- 
flex nerves. 

Post-anesthetic  paralysis  of  the  brachial  plexus  is  usually  of  the 
Duchenne-Erb   type,   the  causative  traction  being  exerted  by  the  1 
abducted  arm  hanging  from  the  edge  of  the  table.     Those  cases  = 
following  elevation  of  the  arm  above  the  patient's  head  are  due  to  , 
pressure  of  the  upper  end  of  the  humerus,  and  are  of  the  infraclavicu- 
lar variety. 

Brachial  birth  paralysis  usually  involves  the  left  arm  and  is  usually 
due  to  forcible  separation  of  the  head  from  the  shoulder,  hence  of 
the  Duchenne-Erb  type,  although  the  lower  arm  type  may  follow  a 
breech  presentation  with  the  arms  extended,  and  in  severe  cases 
the  whole  plexus  may  be  involved. 

The  treatment  of  brachial  paralysis  depending  upon  direct 
wounds,  or  pressure  from  callus,  displaced  bone,  etc.,  is  that  of  the 
same  injuries  aflFecting  other  nerves.  Spontaneous  recovery  is  the 
rule  in  post-anesthetic  paralysis,  crutch  palsy,  and  lesions  of  similar 
intensity.  Birth  paralysis  ultimately  disappears  in  perhaps  three- 
fourths  of  the  cases,  but  in  adults  not  more  than  40  per  cent,  of  the 
traction  paralyses  due  to  great  violence  recover  without  operation. 
In  all  cases,  as  soon  as  the  tenderness  due  to  the  accident  has  sub- 
sided, massage,  electricity,  and  passive  motions  should  be  ordered. 
If,  in  the  course  of  several  months,  improvement  does  not  follow 
this  form  of  treatment,  and  especially  if  the  muscles  show  the  reaction 
of  degeneration,  operation  should  be  advised.  Kennedy,  however, 
counsels  delay  in  birth  palsy  for  at  least  one  year.  An  incision  is 
made  from  the  junction  of  the  upper  and  middle  thirds  of  the  posterior 
border  of  the  sternomastoid  to  the  junction  of  the  middle  and  outer 
thirds  of  the  clavicle,  and,  if  the  lower  branches  of  the  plexus  must 
be  exposed,  the  clavicle  divided  temporarily.  After  severing  the 
deep  fascia  an  attempt  is  made  to  identify  the  individual  parts  of 
the  plexus,  often  a  most  difficult  undertaking,  owing  to  the  mass  of 
cicatricial  tissue  in  which  they  are  imbedded.  If  the  nerves  have 
been  divided  they  are  sutured;  if  destroyed  by  scar  tissue,  resected 
and  then  united.  If  so  much  of  a  nerve  must  be  excised  that  its 
ends  cannot  be  brought  together,  the  distal  segment  is  anastomosed 
with  a  neighboring  nerve.  If  operation  on  the  nerves  fails^  muscular  1 
transplantation  may  be  tried.    In  Duchenne-Erb  paralysis  Tubby  1 
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has  restored  flexion  of  the  forearm  by  transplanting  a  portion  of  the 
triceps  to  the  biceps,  and  abduction  of  the  arm  by  transplanting  a 
portion  of  the  pectoralis  major  and  trapezius  to  the  deltoid. 

Xeuritis  of  any  of  the  nerves  of  the  arm  may  spread  to  and 
involve  the  entire  brachial  plexus,  and  the  plexus  is  occasionally 

j     the  seat  of  intractable  neuralgia,  for  which  it  has  been  exposed  and 

I     stretched. 

The  posterior  thoracic  nerve  may  be  injured  or  inflamed,  causing 
paralysis  of  the  serratus  magnus,  or  winged  scapula  (q.v.). 

The  drcumflez  nerve  winds  around  the  neck  of  the  humerus 
three-fourths  of  an  inch  above  the  middle  of  the  deltoid.  It  is  often 
involved  in  injuries  about  the  shoulder,  resulting  in  paralysis  of  the 
deltoid  and  teres  minor,  and  transient  anesthesia  of  the  posterior 

I     fold  of  the  axilla. 

I  The  musculospiral  nerve  is  the  largest  nerve  in  the  arm  and  the 

j  most  abused  nerve  in  the  body.  It  is  often  injured  by  gunshot  and 
stab  wounds,  and,  especially  where  it  lies  close  to  the  bone  in  the 
musculospiral  groove,  by  fractures  of  the  humerus.  It  is  frequently 
compressed  also  in  crutch  palsy,  by  lying  on  the  arm,  and  by  a 
tourniquet,  and  is  peculiarly  prone  to  be  affected  by  lead  poisoning. 
Division  of  the  nerve  near  the  plexus  causes  paralysis  of  the  extensor 
muscles  of  the  elbow,  wrist  (wrist-drop),  fingers,  and  thumb,  and, 
excepting  the  biceps,  of  the  supinators  of  the  forearm  (Fig.  148). 
Extension  of  the  terminal  phalanges  may  still  be  accomplished  by  the 
interossei  and  lumbricales.  Sensation  is  lost  over  the  anterior 
and  posterior  aspects  of  the  radial  side  of  the  elbow  and  forearm,  the 
radial  side  of  the  posterior  surface  of  the  wrist  and  hand,  and  over  the 
dorsal  surface  of  the  thumb,  first,  second,  and  half  the  third  fingers 
(Fig.  151).  In  lead  palsy  both  arms  are  usually  involved,  but  the 
supinator  longus  and  the  triceps  often  are  unaffected.  In  cases  of 
pressure  palsy  massage  and  electricity  will  be  required,  recovery 
usually  ensuing  in  a  variable  length  of  time.  When  the  nerve  is 
caught  in  callus  or  divided,  operation  will  be  necessary.  So  long  as 
the  paralysis  continues  the  wrist  and  the  proximal  phalanges  of  the 
fingers  should  be  kept  extended  by  means  of  a  splint  or  by  orthopedic 
apparatus.  When  the  nerve  cannot  be  repaired  the  treatment  just 
mentioned  may  be  employed,  or  the  tendon  of  the  flexor  carpi 
radialis  implanted  in  the  extensor  tendons  of  the  fingers  (Murphy). 
The  median  nerve,  when  divided  above  the  bend  of  the  elbow, 
causes  paralysis  of  the  pronators,  flexor  carpi  radialis,  palmaris 
longus,  flexor  longus  poUicis,  flexor  sublimis,  and  the  radial  half  of 
the  flexor  profundus  digitorum,  with  the  following,  which  alone  are 
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involved  in  an  injury  just  above  the  wrist,  abductor,  opponens,  aad 
outer  half  of  the  flexor  brevis  pollicis,  and  the  two  radial  lumbricales. 
There  is  loss  of  sensation  in  the  skin  of  the  radial  side  of  the  hand, 
the  flexor  surface  of  the  thumb,  and  in  the  first,  second,  and  half  the 
third  fingers,  which  are  involved  to  a  varying  degree  also  on  the 
dorsal  surface  (Fig.  151).  There  are  loss  of  pronation,  impaired 
radial  flexion  and  abduction  of  the  wrist,  loss  of  the  hand  grasp  on  the 


J49. — Hand  after  section 

of  median  nerve.     (Dagron.) 


radial  side,  and  wasting  of  the  thenar  eminence  (Fig.  149).    Flexii>»^ 
of  the  proximal  phalanges  by  means  of  the  interossei  is  stili  possible  ■ 
The  ulnar  nerve  supplies  the  flexor  carpi  ulnaris.  the  ulnar  ha  J* 
of  the  flexor  profundus,  the  two  ulnar  lumbricales,  all  the  interossei  * 
the  muscles  of  the  little  finger,  the  adductors  of  thumb,  the  ulna*^ 
half  of  the  flexor  brevis  pollicis,  and  the  skin  of  the  anterior  anc* 
posterior  surfaces  of  the  ulnar  side  of  the  hand,  including  the  little 
finger  and  the  ulnar  half  of  the  ring" 
finger.     After  division  of  this  nerve 
there  are  anesthesia  in  the  area  just 
mentioned  (Fig.  151),  impairment  of 
ulnar  flexion  and  adduction  of  the 
wrist,  weakened  hand  grasp  in  the 
ring  and  little  fingers,  loss  of  adduc- 
tion and  abduction  of  the  fingers,  and 
extension  of  the  proximal  phalanges 
and  flexion  of  the  second  and  third 
phalanges  of  all  the  fingers  (claw  hand) ,  with  atrophy  of  the  i  nterossei, 
causing  marked  prominence  of  the  interosseous  spaces  (Fig.  150). 
Dislocation  of  the  ulnar  nerve  in  front  of  the  inner  condyle  may  ocair; 
it  has  been  treated  by  suturing  a  flap  of  fibrous  tissue  over  the 
nerve  to  the  triceps  tendon,  after  reduction  has  been  effected. 
A  simple  test  for  determining  the  integrity  of  the  nerves  supply- 
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ing  the  band  is  as  follows:  If  the  wrist  can  be  extended  the  musculo- 
^al  is  intact;  if  the  index  &nger  can  be  flexed  while  the  wrist  is 
flaed  and  pronated  (position  of  wrist  drop)  the  median  is  intact; 
if  the  little  hnger  can  be  abducted  and  adducted  the  ulnar  is  intact. 
The  lumbar  plexus  may  be  afiFected  by  injuries,  by  tumors,  and 
by  disease  of  the  vertebras.     It  supplies  sensation  to  the  lower  part  of 


the  abdomen,  the  anterior  and  lateral  aspects  of  the  thigh,  and  to  a 
portion  of  the  inner  side  of  the  leg  and  foot.  It  supplies  also  the 
fleiors  and  the  adductors  of  the  hip,  the  extensors  of  the  leg,  and  the 
cremaster. 

The  obtnnitor  nerve  may  be  injured  during  parturition,  resulting 
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in  paralysis  of  the  adductors  of  the  thigh,  the  patient  being  unable  to 
cross  the  legs.     External  rotation  also  is  impaired. 

The  anterior  crural  nerve,  when  divided,  results  in  paralysis  of  the 
extensors  of  the  knee,  and  anesthesia  over  the  front  and  sides  of  the 
thigh,  and  the  inner  side  of  the  leg,  foot,  and  big  toe  (Fig.  151). 

The  sacral  plexus  innervates  the  rotators  and  extensors  of  the  hip, 
the  flexors  of  the  knee,  all  the  muscles  of  the  foot,  and  the  skin  of  the 
buttock,  posterior  surface  of  the  thigh,  outer  and  posterior  portion  of 
the  lower  leg,  and  almost  the  entire  foot.  It  may  be  compressed  by 
pelvic  tumors  or  inflammations,  injured  during  child  birth,  or 
involved  in  a  neuritis,  which  is  often  an  extension  from  the  sciatic 
nerve. 

The  superior  gluteal  nerve  supplies  the  gluteus  medius  and  mini- 
mus, hence  its  division  results  in  loss  of  abduction  and  circumduc- 
tion of  the  thigh.. 

The  small  sciatic  nerve  is  not  often  injured.  Its  division  results 
in  paralysis  of  the  gluteus  maximus,  and  anesthesia  of  the  posterior 
surface  of  the  middle  third  of  the  thigh,  and  of  the  upper  half  of  the 
calf  of  the  leg. 

The  great  sciatic  nerve,  when  severed  near  the  sciatic  notch,  causes 
paralysis  of  the  flexors  of  the  leg  (which  are  also  extensors  of  the  hip), 
and  of  all  the  muscles  below  the  knee  joint;  the  latter  muscles  alone 
are  involved  when  the  injury  is  below  the  middle  of  the  thigh. 
Anesthesia  exists  in  the  outer  half  of  the  leg,  and  in  the  sole  and  the 
greater  part  of  the  dorsum  of  the  foot.  This  nerve  is  frequently 
aflFected  by  a  very  painful  form  of  neuralgia  (^ciaZ/ca),  in  intractable 
cases  of  which  neurectasy  may  be  required.  This  has  been  accom- 
plished by  flexing  the  extended  lower  extremity  upon  the  abdomen, 
under  an  anesthetic.  In  the  open  operation  the  nerve  is  exposed 
midway  between  the  great  trochanter  and  the  tuber  ischii,  by  an 
incision  three  or  four  inches  long,  made  in  the  middle  of  the  thigh 
from  the  gluteal  fold  downwards.  The  lower  border  of  the  gluteus 
maximus  is  exposed,  the  ham-string  muscles  retracted  inwards,  and 
the  nerve  hooked  up  by  the  finger  and  stretched  both  centrally  and 
peripherally,  enough  force  being  used  to  lift  the  lower  extremity  from 
the  table. 

The  external  popliteal  nerve  may  be  severed  in  cutting  the  tendon 
of  the  biceps  subcutaneously,  or  compressed  against  the  neck  of  the 
fibula  by  bandages  or  splints.  Section  of  this  nerve  causes  paralysis 
of  the  peroneal  group  of  muscles,  the  tibialis  anticus,  the  extensor 
longus  hallucis,  and  the  extensor  longus  and  brevis  digitorum,  with 
anesthesia  of  the  outer  half  of  the  anterior  surface  of  the  leg  and  the 
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dorsum  of  the  foot.     The  ankle  cannot  be  flexed  on  the  leg  {Joot- 
dropYySLnd  in  old  cases  talipes  equinus  develops. 

The  internal  popliteal  nerve,  when  divided,  causes  paralysis  of  the 
muscles  of  the  calf,  extensors  of  the  foot,  flexors  of  the  toes,  and  of  the 
muscles  of  the  sole  of  the  foot.  Talipes  calcaneus  develops  after  a 
time,  and  the  toes  become  claw-like,  owing  to  extension  of  the  proxi- 
mal and  flexion  of  the  second  and  third  phalanges.  There  is  anes- 
thesia along  the  back  of  the  leg  and  over  the  sole  of  the  foot. 

The  cervical  sympathetic  nerve  may  be  injured  by  wounds,  or 
compression  by  tumors  or  aneurysms.  Irritation  of  the  nerve  causes 
unilateral  sweating  of  the  head  and  face,  dilatation  of  the  pupil 
on  the  same  side,  widening  of  the  palpebral  fissure,  slight  exoph- 
thalmos, increased  intraocular  tension,  contraction  of  the  blood 
vessels  of  the  head  and  neck,  and  tachycardia.  Division  of  the 
nerve  causes  contraction  of  the  pupil,  ptosis  and  narrowing  of  the 
palpebral  fissure,  decrease  of  ocular  tension  with  recession  of  the  eye- 
ball, dilatation  of  the  vessels  of  the  head  and  neck  with  increase 
in  the  flow  of  tears,  nasal  mucus,  and  sweat,  and  bradycardia. 
Excision  of  the  cervical  sympathetic  ganglia,  or  Jonnesco's  operation, 
has  been  i>erformed  for  epilepsy,  exophthalmic  goiter,  tic  doulou- 
reux, and  glaucoma.  An  incision  is  made  along  the  anterior  border  of 
the  stemomastoid,  the  carotid  sheath  with  its  contents  retracted 
forwards,  and  the  upper  or,  in  some  cases,  the  entire  three  ffa.nglia 
excised.    The  value  of  the  operation  is  not  yet  fixed.  ^ 


•^ 


CHAPTER  XVni 

MUSCLES,  TENDONS,  BURSJE 

Contusion  of  muscles  is  followed  by  swelling,  rigidity,  and  by 
late  ecchymosis  if  some  of  the  blood  vessels  have  been  injured.  Pain 
and  tenderness  are  made  worse  by  active  motion,  but  are  unaffected 
by  passive  motion,  unless  the  muscle  is  stretched  by  such  procedure. 
The  treatment  is  rest  and  relaxation  of  the  muscles,  by  splints,  posture, 
or  strapping  with  adhesive  plaster;  the  application  of  ichthyol  or 
evaporating  lotion;  and  later  massage. 

Wounds  of  muscles   gap  widely  if  they  traverse  the  muscle 
fibers.    A  wound  parallel  with  the  fibers  causes  little  or  no  separation  - 
Suturing  is  readily  carried  out  in  longitudinal  or  oblique  wounds,  but 
is  often  difficult  in  ^transverse  wounds,  the  stitches  tearing  out  wher* 
approximation  is  attempted.     In  such  cases  mattress  sutures  may  b^ 
employed;  a  number  of  sutures  may  be  placed  in  each  end  of  th^ 
muscle  and  tied,  then  the  ends  of  the  sutures  in  the  upper  segment  tied 
to  those  in  the  lower  segment;  or  the  muscular  wound  may  be  cov- 
ered with  a  free  transplant  of  fascia,  which  can  be  employed  also  to 
bridge  a  gap  when  a  portion  of  the  muscle  has  been  destroyed. 
Chromicized  catgut  is  the  best  suture  material.     The  muscles  should 
be  relaxed  by  suitable  posture  or  splint,  and  massage  and  electricity 
employed  when  healing  has  been  completed. 

Strain  of  muscles  is  an  overstretching  of  the  fibres  with  possibly 
some  tearing.  Glass  arm  is  a  strain  of  the  long  head  of  the  biceps; 
lawn  tennis  arm,  of  the  pronator  radii  teres;  riders  leg,  of  the  adduc- 
tor muscles  of  the  thigh.  The  symptoms  and  treatment  are  those  of 
contusion  of  muscle. 

Rupture  of  muscles  and  tendons  usually  occurs  as  the  result  of 
great  violence  to  a  contracted  muscle,  or  as  the  result  of  a  sudden, 
powerful,  and  strongly  opposed  contraction,  but  may  follow  even 
feeble  eflForts  in  muscles  degenerated  in  consequence  of  senility  or 
fevers.  Rupture  of  the  sheath  or  of  the  deep  fascia  may  fesult 
in  hernia  of  the  muscle,  a,  protrusion  which  is  most  marked  during 
contraction,  and  which  often  disappears  during  relaxation 
of  the  muscle,  when  the  opening  in  the  aponeurosis  may  be  felt 
through  the  skin.    In  recent  cases  rest  and  relaxation  are  required. 

Later  if  the  hernia  is  large  and  causes  inconvenience,  the  opening  in 
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eath  may  be  sutured,  or,  if  large,  patched  with  a  transplant  of 
lata.  A  muscle  most  frequently  ruptures  at  the  junction 
:s  tendon,  although  the  belly  itself  or  the  tendon  may  tear.  In 
:ases  the  tendon  is  torn  from  its  attachment,  bringing  with  it  a 
n  of  the  bone.  At  the  time  of  rupture  there  is  a  sudden  sharp 
Kith,  in  some  cases,  an  audible  snap.  This  is  followed  by  loss 
ction.  tenderness,  pain  on  motion,  swelling,  and  ecchymosis. 
ap  may  be  felt  in  superficial  muscles.  Among  the  muscles 
ndons  most  frequently  ruptured  are  the  stemomastoid  (during 
.  rectus  abdominis,  quadriceps,  ligamentum  patellae,  tendon  of 
dductor  longus  (from  riding),  plantaris  (tennis  leg,  chap, 
long  head  of  the  biceps  cubiti  (Fig,  152},  flexor  muscles 


Rupture  of  biceps  1 


dons  of  the  fingers,  extensors  of  the  fingers  (mallet  finger, 

xxxi). 

e  treatment  in  partial  ruptures  is  rest  and  relaxation ;  in  large 

iplete  ruptures  of  important  muscles  the  ends  should  be  ap- 

lated  as  described  above,  and  the  part  splinted.     Massage, 

rity,  and  passive  motions  are  employed  after  union  has  taken 


(location  of  tendons  is  most  frequent  at  the  point  where  a 
I  passes  along  a  bony  groove  in  order  to  change  its  direction, 
e  long  tendon  of  the  biceps,  and  the  tendons  about  the  wrist  and 
It  is  usually  the  result  of  injury,  hence  may  be  accompanied 
acture  of  a  bone  or  a  dislocation  of  a  joint,  but  it  occurs  also  as 
ult  of  chronic  affections  of  joints  associated  with  displacement. 
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There  are  pain  and  weakness,  and  in  some  cases  the  dislocated  tendon 
can  be  felt,  with  the  groove  in  which  it  normally  lies.  In  dislocation 
of  the  long  head  of  the  biceps  the  head  of  the  humerus  passes  slightly 
forwards  {subluxation). 

The  treatment  is  reduction  of  the  tendon,  relaxation  of  the  muscle, 
and  the  application  of  a  splint,  with  pressure  over  the  tendon  to  hold 
it  in  place.  If  this  treatment  fails  in  the  course  of  six  weeks  or  two 
months,  the  tendon  may  be  exposed  by  incision  and  the  edges  of  the 
the  torn  sheath  sutured  with  catgut.  This  operation  is  most  fre- 
quently indicated  in  dislocation  of  the  peroneus  longus  tendon  from 
behind  the  external  malleolus. 

Myositis,  or  inflammation  of  muscles,  may  be  acute  or  chronic. 

Acute  myositis  may  be  due  to  injuries  (traumatic  myositis)  y  infec- 
tion from  the  surrounding  parts,  exposure  to  cold  {rheumatic  myosi- 
tis),  and  to  infectious  fevers.  The  symptoms  are  pain,  swelling, 
tenderness,  and  sometimes  edema  of  the  skin.  When  due  to  local 
infections  or  pyemia,  suppuration  follows.  Polymyositis  affects 
many  muscles,  is  of  obscure  origin,  and  strongly  resembles  trichino- 
sis, hence  the  term  pseudotrichinosis.  When  there  is  an  overproduc- 
tion of  fibrous  tissue  the  muscle  is  shortened,  thus  in  the  sternomas- 
toid  torticollis  may  be  produced,  and  in  the  forearm  Volkmann's 
contracture  {ischemic  myositis ^  chap.  xxxi). 

The  treatment  is  rest,  sedative  applications,  and  constitutional 
treatment  according  to  the  general  condition  of  the  patient.  Sup- 
puration will  require  incision.  Massage  and  electricity  are  indicated 
to  prevent  muscular  contractures,  which,  when  present,  may  require 
tenotomy  or,  better,  tendon  lengthening;  resection  of  bone  to  shorten 
the  limb  also  has  been  performed  in  certain  cases. 

Chronic  myositis  results  from  the  acute  form,  or  from  syphilis, 
tuberculosis,  rheumatism,  actinomycosis,  or  the  lodgment  of  para- 
sites (trichina,  echinococcus).  It  may  cause  suppuration,  or  degen- 
eration with  fibrous  overgrowth.  In  the  latter  event  ossification  may 
occur,  particularly  in  the  vicinity  of  bone,  or  where  the  parts  are 
constantly  irritated  or  strained,  e.g.,  rider^s  bone  due  to  ossification 
of  the  upper  portion  of  the  adductor  tendons  of  the  thigh,  and 
localized  ossification  of  the  deltoid  in  soldiers.  In  myositis  ossificans 
progressiva  a  large  part  of  the  muscular  system  may  be  calcified. 
The  cause  is  not  known.  It  is  most  frequent  in  young  males,  and  is 
sometimes  associated  with  shortening  of  the  thumbs  and  great  toes. 
The  treatment  is  directed  to  the  cause.  In  localized  myositis  ossi- 
ficans the  bony  plates  may  be  excised.  In  the  progressive  form 
treatment  is  of  no  value. 
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Tumors  of  muscle  include  fibroma,  myxoma,  lipoma,  angioma, 
chondroma,  osteoma,  myoma,  and  most  important  of  all,  sarcoma; 
carcinoma  is  always  secondary.  A  desmoid  is  a  fibroma  or  fibro- 
sarcoma of  the  rectus  abdominis,  usually  occurring  in  women  who 
have  borne  children.  A  tumor  in  a  muscle  is  movable  perpendicu- 
larly to  but  not  in  the  axis  of  the  muscle,  and  becomes  fixed  when  the 
muscle  is  contracted.     The  treatment  is  excision. 

Tenosynovitis,  thecitis,  or  inflammation  of  a  tendon  sheath,  may 
be  acute  or  chronic.  Acute  tenosynovitis  is  caused  by  injury,  strains, 
overuse,  neighboring  infections,  gout,  rheumatism,  syphilis,  gonor- 
rhea, and  the  infectious  fevers.  The  symptoms  are  sweUing  and 
tenderness,  with  pain  and  fine  crepitus  upon  motion.  Suppuration 
may  occur  when  the  sheath  has  been  opened  by  a  wound,  or  when  the 
thedtis  is  secondary  to  neighboring  infections.  The  symptoms  are 
then  intensified,  the  skin  reddened,  and  constitutional  symptoms  of 
sepsis  present.  The  treatment  is  immobilization  on  a  splint,  with  the 
application  of  ichthyol  or  evaporating  lotions.  Pus  formation 
demands  incision  and  drainage,  which,  if  carried  out  early,  may 
prevent  sloughing  of  the  tendon.  Massage  and  active  and  passive 
motions  are  useful  in  the  later  stages  to  prevent  adhesions.  Sup- 
purative thecitis  of  the  finger  and  palmar  abscess  are  described  in 
chapter  xxxi. 

Chronic  tenosynovitis  may  follow  the  acute  form,  in  which  case 
the  sheath  is  distended  with  synovial  fluid.  There  are  weakness, 
swelling  and  fluctuation  along  the  tendon  sheath,  and  possibly 
crepitus.  In  most  instances  the  condition  is  tuberculous.  Tuber- 
ctikms  tenosynovitis  may  present  the  same  signs,  or  the  swelling  may 
be  doughy  owing  to  the  thick,  pulpy  granulation  tissue  which  lines 
the  sheath.  Often  there  can  be  felt  slipping  beneath  the  fingers 
little  rourided  bodies  (rice,  riziform,  or  melon  seed  bodies),  which  are 
laminated  masses  of  fibrin.  The  treatment  of  chronic  tenosynovitis 
is  attention  to  any  existing  constitutional  disease,  and  locally  the  use 
of  a  spUnt,  with  compression  or  counterirritation.  If  this  fails,  the 
sheath  may  be  opened,  its  contents  evacuated,  iodoform  emulsion 
injected,  and  the  wound  closed;  or  an  attempt  may  be  made  to  re- 
move the  diseased  sheath  by  dissection. 

Ganglicm  is  a  tense  sac  coimected  with  a  tendon  sheath,  and  filled 
^th  a  transparent,  whitish,  jelly-Uke  material.  It  may  follow  an 
injury  or  strain,  and  is  then  probably  due  to  an  encarcerated  hernia 
of  the  synovial  lining  of  the  tendon  sheath;  in  other  instances  it  is  due 
to  a  localized  thecitis,  a  colloid  degeneration  of  a  synovial  fringe,  or 
peiiiaps,  as  some  maintain,  to  a  hyperplasia  of  the  connective  tissue 
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followed  by  cystic  degeneration.  It  is  most  common  on  the  back  of 
the  wrist,  but  may  occur  elsewhere.  It  is  painful  and  tender  when 
increasing  in  size,  but  usually  gives  no  trouble  when  it  has  ceased  to 
grow,  except  possibly  for  some  weakness  of  the  affected  tendon.  It 
may  l?e  so  hard  as  to  resemble  an  exostosis.  Compound  ganglion 
is  a  tuberculous  thecitis  of  the  flexor  tendons  of  the  wrist,  projecting 
above  and  below  the  annular  ligament.  The  treatment  is  rupture  of 
the  ganglion  by  strong  pressure  with  the  thumbs,  or  by  dealing  it  a 
sharp  rap  with  a  book;  expression  of  the  contents  through  a  small 
puncture,  and  firm  pressure  for  several  days;  the  injection  of  iodin; 
or  in  recurring  cases  excision. 

OPERATIONS  ON  TENDONS 

Tenotomy,  or  division  of  a  tendon,  may  be  open  or  subcutaneous 
It  is  employed  chiefly  in  cases  of  deformity,  and  occasionally  to 
overcome  muscular  spasm,  e.g.,  cutting  of  the  tendo  Achillis  in 
fractures  of  the  leg.     The  subcutaneous  method  should  be  used  only 
in  regions  in  which  important  structures  are  not  close  to  the  tendon. 
Under  aseptic  precautions  a  sharp  pointed  tenotome  is  pushed 
through  the  skin  to  the  tendon,  and  is  then  replaced  by  a  blunt 
pointed  tenotome,  which  is  passed  over  or  under  the  tendon.    The 
tendon  is  then  made  tense  and  is  cut  by  a  sawing  motion.     The  little 
puncture  is  sealed  by  collodion.     In  the  open  method  an  incision  is 
made  over  the  tendon  and  the  section  carried  out  under  the  eye,  so 
that  there  is  little  danger  of  wounding  neighboring  structures.     The 
wound  is  then  sutured.    After  either  method  the  deformity  is  cor- 
rected, and  the  parts  are  immobilized  with  plaster-of -Paris  or  other 
form  of  splint. 

Division  of  the  sternocleidomastoid  muscle.  (See  ''Torti- 
coUis.") 

The  tendo  Achillis  is  divided  subcutaneously.  With  the  foot  on 
its  outer  side  and  the  tendon  relaxed,  the  tenotome  is  inserted  about 
one  inch  above  the  os  calcis,  and  the  tendon  divided  after  it  has  been 
made  taut  by  flexion  of  the  foot. 

The  tibialis  anticus  is  divided  about  one  inch  above  its  insertion. 
The  tenotome  is  introduced  from  the  outside  and  the  section  made 
from  below  upwards. 

The  peroneal  tendons  are  cut  just  above  and  behind  the  external 
malleolus,  in  which  situation  the  synovial  sheath  is  absent.  The 
tenotome  is  introduced  between  the  bone  and  the  tendons^  which  are 
made  tense  and  severed  from  below  upwards. 
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Tbt  tibialis  posticus  is  severed  above  the  internal  annular  liga- 
lat  and  above  the  origin  of  the  synovial  sheath.  The  tenotome  is 
oserted  just  above  the  base  of  the  inner  malleolus,  between  the 


Pic.  1S5. 
Monod  and  Vanverts.) 


Imdou  and  the  tibia,  and  hugs  the  bone  closely.     There  is  some 
dinger  of  injury  to  the  posterior  tibial  vessels. 


i 


Pic.  is;.— Tenorrhaphy.     (Binnie.) 

Tbe  plantar  fascia  is  divided  subcutancously  just  in  front  of  the 
w  calds,  by  inserting  a  tenotome  between  the  fascia  and  the  skin 
From  the  inner  side  of  the  sole,  and  cutting  towards  the  bone. 

The  "^fWrnmbranfffng  and  the  semitendinosus  may  be  divided 
ubcutaneously  just  above  the  knee  joint,  but  section  of  the  biceps 
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fenunris  is  best  done  through  an  open  incision,  because,  of  the  pt 
mity  of  the  popliteal  nerve. 

Tenorrhaphy  (tendon  suture)  is  best  performed  with  chromic 
catgut.    The  various  methods  are  shown  in  Figs.  153  to  161;  I 


162  and  163  show  the  methods  for  preventing  the  tearing  ou 
sutures.  Generally  the  distal  stump  is  easy  to  find,  but  the  prox 
retracts,  and  in  order  to  bring  it  into  view  the  joint  or  joints  ma 
moved  in  the  direction  which  will  relax  the  tendon  -and  its  mu 
the  limb  massaged  or  bandaged  centrifugally,  or  slender  for 


MUSCLES,  TENDONS,  BURSA  369 

passed  up  the*  sheath,  which  should  not  be  opened  any  farther  than  is 
necessary,  and,  at  the  completion  of  the  operation,  should  not  be 
sutured  if  such  produces  stricture.  To  prevent  adhesions  the  suture 
line  should  be  enveloped  with  fat.  After  tenorrhaphy  the  part 
is  splinted.     Gentle  pas^ve  motion  should  be  started  at  the  end  of 


166.— Tendon  lenBthi 


Pic.  166, 

(Monod  and  Vanverta.) 


two  weeks,  but  forcible  movements,  if  needed,  postponed    until 
the  fourth  week. 

Tendon  lengthening  is  occasionally  employed  in  deformities  due 
to  shortened  tendons,  or  in  cases  in  which,  after  accidental  division 
oi  a  tendon,  the  approximation  is  difficult  owing  to  retraction  of  the 


Pic.  167. — Tendon  \eagtheaiag, 


._.    -Catgut graft.    (Esmatch 
and  Kowalzig.) 


the  ends  (Figs.  164  to  168).  When  the  ends  of  a  divided  tendon 
cannot  be  sufficiently  elongated  to  approximate  them,  the  lower  end 
■nay  be  sutured  to  a  neighboring  tendon  with  a  similar  function, 
or  the  upper  end  to  the  periosteum  as  near  the  normal  insertion  as 
possible;  a  graft  may  be  made  from  adjacent  fibrous  tissue,  from  a 
Bq^tKHiiig  tendon,  from  the  fascia  lata,  from  the  tendon  of  an 
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animal,  or  from  silk,  catgut  (Fig.  169),  linen  thread,  or  the  osseous 
insertion  may  be  transplanted  (Fig.  170). 

Tendon  short^iiiig  is  illustrated  in  Figs.  171  to  173. 

Tendon  transplantation  has  been  employed  for  the  relief  of 
deformities  due  to  paralyzed  muscles.     The  tendon  of  the  paralyzed 


Pig.  169. — Tendon  lengthening. 
(Binnie.) 


Pig.  1 70. — Tendon  lengthening 
by  transplantation  of  osseous  inser- 
tion.    (Monod  and  Van  verts.) 


muscle  may  be  divided,  and  its  distal  end  threaded  through  a  split 
in  an  active  tendon  and  there  sutured  (Figs.  159  to  161).  Other 
methods  are  elucidated  in  Figs.  174  to  181;  the  paralyzed  tendons 
are    shaded.     Free    transplantation,    as   described    under    tendon 


Pig.  171.  Pig.  172.  Pig.  173. 

Pigs.  171  to  173. — Tendon  shortening.     (Binnie.) 

lengthening,  may  be  tried  when  a  portion  of  a  tendon  has  been 
destroyed. 

Free  transplantation  of  fascia,  usually  fascia  lata  from  the  upper 
and  outer  part  of  the  thigh,  has  been,  employed  to  strengthen 
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....  Sutures 


Fig.  174- 


Pig.  I7S. 


Pig.  177. 


Pig.  179- 

Pigs.  174  to  ^^i. 


Pig.  178. 


Pig.  180. 
— Tendon  transplantation. 


Pig.  181. 
(Vulpius.) 
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ligaments  and  joint  capsules,  to  bridge  gaps  in  muscles,  to  take  the 
place  of  tendons,  to  close  defects  in  the  dura,  pleura,  diaphragm, 
bladder,  air  passages,  and  other  hoUow  viscera,  to  reinforce  the 
suture  line  in  operations  for  hernia,  to  render  joints  movable  (arthro- 
plasty), to  control  bleeding  from  and  to  prevent  the  cutting  of 
sutures  in  parenchymatous  organs,  to  occlude  the  pylorus  after 
gastroenterostomy,  to  support  prolapsed  organs,  to  cover  the  osseous 
stump  after  amputation,  and  to  act  as  a  substitute  for  suture 
material.  For  the  building  of  a  tendon  sheath  or  a  nerve  sheath 
fascia  is  unsuited,  as  it  may  produce  firm  adhesions. 


DISEASES  OF  BURSjE 

Adventitious  burste  not  uncommonly  develop  in  situations 
habitually  exposed  to  pressure,  e.g.,  on  the 
shoulder,  under  the  scapula,  and  over  the 
internal  condyle  in  knock  knee. 

Wounds  of  bursfe  differ  from  ordinary 
wounds  in  that  the  continuous  escape  of 
synovial  fluid  may  interfere  with  healing 
and  necessitate  excision  of  the  bursa  or 
destruction  of  its  lining  membrane. 

Acute  buisitiB  is  usually  the  result  of 
traumatism.  A  painful  and  tender  cir- 
cumscribed swelling  forms  in  the  situa- 
tion of  a  bursa,  which  fluctuates  and  is 
—Prepatellar  bursitis  frequently  the  Seat  of  a  fine  crepitus. 
Suppuration  may  occur  as  the  result  of 
infection  through  a  wound  or  from  the  blood.  The  treatment  is 
rest,  the  application  of  ichthyol  or  evaporating  lotions,  and  later, 
compression  to  hasten  absorption.  If  suppuration  occurs  incision 
and  drainage  are  indicated. 

Chronic  bursitis  may  follow  the  acute  form,  or  result  from 
chronic  irritation,  syphilis,  tuberculosis,  gout,  or  rheumatism.  The 
bursa  is  enlarged  and  fluctuates,  owing  to  the  effusion  of  serous  fluid 
within.  In  old  cases  the  walls  may  be  so  thickened  as  to  simulate 
fibroma.  In  tuberculous  cases  the  swelling  may  be  doughy,  owing 
to  the  thick  layer  of  edematous  granulations  lining  the  cavity,  or 
rice  bodies  may  be  detected.  In  late  syphilis  there  may  be  a  gummy 
degeneration,  and  in  gout  deposits  of  urate  of  soda  (tophi) . 

The  treatment  in  simple  cases  is  rest,  compression,  and  counter- 
irritation  with  blisters  or  iodin.    If  the  effusion  persists  it  may  be 
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aspirated  or  the  bursa  excised.  In  tuberculous  cases  and  in  those 
with  thick  walls,  excision  should  be  performed.  Constitutional 
treatment  will  be  needed  in  the  presence  of  syphilis,  tuberculosis, 
^out,  or  rheumatism. 

Among  the  bursae  which  are  more  commonly  diseased  are  the 
following:    A  bursa  aver  the  metatarso-phalangeal  joint  of  the  big  toe 
is  called  a  bunion  (see  ** Hallux  Valgus")*  ^he  retrocalcaneal  bursa, 
when  inflamed,  AlberVs  disease  (chap.  xxxi).     The  prepatellar  bursa 
b  often  enlarged  as  the  result  of  frequent  kneeling,  and  is  known  as 
housemaid^ 5  knee  (Fig.  182).     The  infrapatellar  bursa  lies  between 
the  ligamentum  patellar  and  the  tuberosity  of  the  tibia,  and  when 
inflamed  causes  a  fluctuating  swelling  on  each  side  of  the  tendon, 
which  is  more  marked  when  the  leg  is  extended.     The  symptoms  may 
be  somewhat  similar  to  a  dislocated  semilunar  cartilage,  owing  to 
the  pinching  of  the  ligamenta  alaria,  which  are  crowded  back  between 
the  bones.     Of  the  popliteal  bursa  the  one  which  lies  between  the 
gastrocnemius  and  the  semimembranosus,   and  extends  beneath 
the  inner  head  of  the  gastrocnemius,  is  most  frequently  enlarged. 
It  is  hard  and  prominent  when  the  leg  is  extended,  and  may  exhibit 
transmitted  pulsation;  when  the  leg  is  flexed  it  is  soft  and  may  be 
difficult  to  detect.     It  is  tedious  to  remove,  and,  as  it  frequently 
communicates  with  the  joint,  a  ligature  or  suture  will  be  required 
to  close  the  synovial  membrane  at  this  point.     The  iliopectineal 
[iliopsoas)  bursa,  when  enlarged,  presents  a  swelling  at  the  base  of 
Scarpa's  triangle,  under  or  to  the  outer  side  of  the  femoral  artery 
(Fig.  451).     Sometimes  the  swelling  is  reducible,  the  fluid  passing 
into  the  hip-joint  or  a  neighboring  bursa.     Pressure  of  the  bursa  on 
the  anterior  crural  nerve  may  cause  pain  running  down  the  thigh, 
which  is  often  slightly  flexed,  abducted,  and  rotated  outward.     The 
diagnosis  from  hip  disease  and  femoral  hernia  is  given  under  these 
headings.     Psoas  abscess  is  associated  with  disease  of  the  spine. 
A  neoplasm  may  closely  simulate  iliopsoas  bursitis,  and  occasionally 
can  be  distinguished  from  it  only  by  exploratory   incision.     The 
Imrsa  of  the  great  trochanter,  when  inflamed,  causes  abduction  and 
evcrsion  of  the  thigh,  and  a  swelling  which  is  most  marked  just 
behind  the  great  trochanter.     It  is  distinguished  from  coxalgia  by 
the  absence  of  restricted  movements  of  the  hip- joint.     Enlargement 
of  the  bursa  over  the  tuber  ischii  is  known  as  Weaver  ^s  bottom,  of  the 
olecranon  bursa,  miner  ^s  elbow.    Subacromial  (subdeltoid)  bursitis  is 
described  in  chapter  xxxi. 


CHAPTER  XIX 

BONES 

INJURIES  OF  BONES 

A  fracture  has  been  defined  as  a  sudden  solution  of  the  con- 
tinuity of  a  bone,  generally  from  external  violence. 

The  Varieties. — Fractures  are  divided  as  follows:     i.  Accord- 
ing to  the  cause,  into  traumatic  and  pathological  or  spontaneous 
(resulting  from  trivial  force  to  a  diseased  bone).    Traumatic  frac- 
tures  are  subdivided,   according   to   the   nature   of   the   force,  as 
explained  below  in  the  paragraph  on  "Exciting  causes."     2.  Accord- 
ing to  the  lines  of  fracture,  into  transverse,  longitudinal,  oblique,  spiral, 
dentate,  stellate,  V-shaped,  and  T-shaped.    A  comminuted  fracture  is 
one  in  which  the  bone  is  broken  into  three  or  more  fragments,  with 
intercommunication  of  the  fracture  lines.    A  multiple  fracture  is 
one  in  which  there  is  more  than  one  fracture  in  a  bone,  the  lines  of 
which  do  not  communicate.     Fractures  of  several  difiFerent  bones  also 
are  spoken  of  as  multiple  fractures.    A  splintered  fracture  is  one  in 
which  a  splinter  of  osseous  tissue  is  broken  from  a  bone.     3.  Accord- 
ing to  the  degree  of  fracture,  into  complete,  which  extends  completely 
through  a  bone,  and  incomplete,  in  which  the  bone  is  not  completely 
divided.    A  green-stick  fracture  (infraction)  is  an  incomplete  fracture 
resulting  from  the  bending  of  a  bone,  the  osseous  tissue  of  the  convex 
side  separating  and  that  of  the  concave  side  remaining  intact.    A 
fissure  fracture  is  an  incomplete  fracture  occurring  as  a  crack,  usually 
in  the  outer  table  of  the  skull.    A  subperiosteal  fracture,  which  may 
or  may  not  extend  through  the  rest  of  the  bone,  leaves  the  periosteum 
intact.     4.  According  to  the  position  of  the  fragments,  into  impacted, 
in  which  one  fragment  is  forced  into  the  other,  and  depressed,  in  which 
the  bone  is  crushed  in.     Other  terms  used  with  reference  to  dis- 
placement are,  transverse,  rotary,  angular,  and  longitudinal  (either 
overlapping  or  separation).     5.  According  to  the  presence  or  absence 
of  a  wound  in  the  soft  parts,  into  closed  or  simple,  in  which  there  is  no 
external  wound  in  the  soft  parts,  and  open  or  compound,  in  which* 
such  a  wound  exists.    A  complicated  fracture  is  one  in  which  there 
is  injury  to  an  important  vessel,  nerve,  joint,  or  viscus.     6.    Accord- 
ing to  the  situation  of  the  fracture,  into  intraarticular  or  extraarticular, 

374 


BONES  375 

with  reference  to  a  joint,  and  intra-  or  extracapsular ^  with  reference 
to  the  capsular  ligament  of  a  joint.  Epiphyseal  separation  also  may 
be  put  under  this  heading. 

An  intrauterine  fracture  occurs  before  birth,  a  congenital  fra^^ture 
at  birth. 

The  causes  of  fracture  are  predisposing  and  exciting. 

The  predJsposiiig  causes  are  physiological  and  pathological. 
Among  the  former  are  agd,  sex,  occupation,  season  of  the  year,  and 
stnicture  and  position  of  the  bone.  Fractures  are  frequent  in 
infancy  because  of  the  many  tumbles  which  occur  at  this  time,  but 
owing  to  the  elasticity  of  the  bones,  the  breaks  are  often  incomplete 
or  of  the  green  stick  variety.  In  old  age  the  brittleness  of  the  bones 
is  such  that  even  a  trivial  injury  may  produce  fracture.  During 
adolescence  and  adult  life  fractures  are  more  frequent  in  the  male 
sex,  owing  to  the  greater  exposure  to  injury.  Occupations  entailing 
daily  exposure  to  injury  predispose  to  fracture.  In  winter  fractures 
are  more  frequent  because  of  the  presence  of  slippery  ice  under  foot. 
The  structure  and  position  of  certain  bones  render  them  more  liable 
to  fractures.  The  pathological  causes  are  atrophy  of  bone,  the  causes 
of  which  are  given  on  p.  442,  general  disease  of  the  osseous  system, 
such  as  osteomalacia,  rickets,  idiopathic  fragilitas  ossium,  ostitis 
fibrosa,  and  ostitis  deformans;  and  localized  disease  of  bone,  such  as 
mah'gnant  disease,  caries,  necrosis,  actinomycosis,  syphilis,  gout, 
scurvy,  tuberculosis,  and  cysts. 

The  exciting  causes  are  external  violence  and  muscular  action,  e.g., 
fracture  of  the  patella  from  contraction  of  the  quadriceps.  The 
former  may  be  direct  (the  bone  breaks  directly  beneath  the  point 
injured),  in  which  case  the  fracture  is  usually  transverse  or  commin- 
uted, or  indirect  (the  bone  breaks  at  some  distance  from  the  point  of 
violence).  Gunshot  and  punctured  fractures  are  special  varieties  of 
direct  fractures.  Indirect  fractures  may  be  designated  according 
to  the  nature  of  the  force  as  bending  (e.g.,  fracture  of  the  clavicle 
from  a  fall  on  the  shoulder),  torsion  (e.g.,  fracture  of  the  tibia  from 
twisting  of  the  leg),  compression  (e.g.,  certain  fractures  of  the  skull, 
and  fracture  of  the  tarsus  from  a  fall  an  the  foot),  or  avulsion  frac- 
tures (e.g.,  fracture  of  the  internal  malleolus  through  the  action  of 
the  internal  lateral  ligament  when  the  foot  is  everted). 

An  intrauterine  fracture  is  the  result  of  violent  uterine  contrac- 
tions, or  of  blows  upon  the  abdomen.  Multiple  intrauterine  frac- 
tures  occur  in  syphilis.  Congenital  fractures  result  from  uterine 
contractions,  or  more  frequently  from  the  manipulations  of  the 
obstetrician. 
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Ej^ldiyseal  separation,  or  diastasis,  occurs  before  the  a 
twenty-two  (Fig.  183).  The  bones  most  frequently  affected  ai 
humerus,  radius,  femur,  and  tibia.  As  the  end  of  a  diaphy 
usually  cup-shaped  to  receive  the  convex  epiphysis,  the  deform 


Pig.  183. — Time  of  bony 


epiphyseal  junctioiis.     (Bren 


often  difiicult  to  reduce.  A  pure  epiphyseal  separation  is  uncoi 
except  in  infants;  in  older  children  the  line  of  cleavage  usual 
volves  at  least  a  part  of  the  end  of  the  diaphysis.  During  the  p 
of  repair  the  epiphyseal  cartilage  may  prematurely  ossify  anc 
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interfere  with  subsequent  growth.  Suppuration  occasionally  follows, 
and  partial  detachment  or  sprain  of  an  epiphysis  sometimes  precedes 
tuberculous  disease.  Spontaneous  separation  is  always  the  result 
of  some  disease  of  the  epiphysis,  such  as  rickets,  scurvy,  sjrphilis, 
tuberculosis,  or  acute  infections. 

The  Symptoms. — Excepting  certain  cases  of  spontaneous  fracture, 
there  is  a  history  of  injury y  at  which  time  the  patient  may  feel  some- 
thing give  way,  or  hear  a  cracking  sound.  Pain  is  severe  at  the  time 
of  injury,  but  may  be  insignificant  in  pathological  fractures.  The 
location  of  acute  tenderness  is  of  great  value  in  diagnosis.  Swelling 
quickly  supervenes,  and  within  a  day  or  two  blebs,  or  bullae,  may 
form,  the  exuded  serum  from  the  deeper  tissues  passing  beneath  the 
epidermis.  Ecchymosis  occurs  within  a  few  hours  or  not  for  one 
or  more  days,  according  to  the  depth  of  the  broken  bone  and  the* 
extent  of  the  injury  to  the  soft  parts.  Loss  of  function  is  caused  by 
pain,  or  by  loss  of  mechanical  support;  it  may  be  absent  in  an  incom- 
plete or  impacted  fracture,  or  in  a  fracture  of  a  bone  whose  function 
is  supplemented  by  another  bone,  e.g.,  the  fibula.  Muscular  spasm 
is  a  common  symptom,  particularly  in  the  arm  and  thigh.  Deform- 
%.  or  change  in  the  length  or  contour  of  a  limb,  is  due  to  displace- 
ment of  the  fragments  by  the  force  of  the  injury,  by  the  weight  of  the 
limb,  or  by  muscular  action.  Preternatural  mobility  may  be  obtained 
by  grasping  the  limb  just  above  and  below  the  fracture  and  mak- 
ing pressure  in  opposite  directions,  or  by  moving  the  limb  as  a  whole. 
In  fractures  of  the  forearm  or  leg,  the  parallel  bones  may  be  alter- 
nately pressed  together  above  and  below  the  seat  of  fracture.  A 
deceptive  sense  of  abnormal  mobility  may  be  present  in  elastic 
bones  like  the  fibula  and  ribs,  in  bone  diseases  like  rickets,  in  normal 
infants,  and  in  the  neighborhood  of  joints.  Abnormal  mobility 
niay  be  absent  in  an  impacted,  an  incomplete,  or  an  intraarticular 
fracture.  Crepitus  is  a  grating  sensation  or  sound  obtained  by  rub- 
bing the  ends  of  the  bone  together.  It  may  be  absent  in  an  incom- 
plete or  an  impacted  fracture,  in  one  in  which  the  fragments  are 
greatly  overlapped  or  widely  separated,  or  in  one  in  which  soft 
tissues  lie  between  the  fragments.  It  is  dry  and  harsh,  and  thus 
differs  from  the  crackling  of  air  or  blood  beneath  the  skin,  or  the 
creaking  of  inflamed  synovial  membranes,  viz.,  those  of  joints, 
tendons,  and  bursae.  The  crepitus  of  epiphyseal  separation  is  soft  o: 
moist. 

The  constitutioiial  symptoms  are  trivial  or  absent  in  simple  un- 
complicated cases.  Shock  is  usually  absent,  except  in  severe  or 
complicated  fractures.    Fracture  fever  is  an  aseptic  fever  due  to  the 
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absorption  of  fibrin  ferment,  the  temperature  being  elevated  one  or 
two  degrees  during  the  first  two  or  three  days  or  longer,  according 
to  the  amount  of  blood  extravasated. 

The  Diagnosis. — ^The  injured  liihb  should  be  compared  with  the 
sound  limb  by  inspection,  palpation,  and  measurement.  An  ancient 
deformity  should  not  be  mistaken  for  a  recent  one.  A  knowledge 
of  the  normal  relations  of  bony  prominences  will  aid  in  the  quick 
recognition  of  detormity.  If  a  stethoscope  is  placed  over  one  end  of 
the  bone  and  the  other  end  percussed,  the  sound  may  not  reach  the 
ear  if  a  fracture  exists.  In  many  cases,  owing  to  rigidity  of  the 
muscles,  pain,  and  fright,  a  proper  examination  can  be  made  only 
under  an  anesthetic.  In  all  cases  an  X-ray  examination  should  be 
made.  A  more  accurate  idea  of  the  amount  and  character  of  the  dis- 
placement is  obtained  by  taking  two  skiagrams,  one  at  right  angles 
to  the  other  or  by  making  stereoscopic  plates  (see  Fig.  2).  Single 
expK)sures,  especially  in  the  region  oi  the  elbow,  knee,  ankle,  and  in 
oblique  fractures  of  the  long  bones,  may  sometimes  show  apparently 
normal  shadows,  when  a  fracture  really  exists.  Epiphyses  cannot 
be  recognized  until  sufficiently  ossified  to  cast  shadows.  In  inter- 
preting skiagrams  the  inexperienced  may  mistake  an  ununited  epiphy- 
sis for  a  fragment  of  bone,  and  an  epiphjrseal  juncture  for  a  Une  of 
fracture. 

The  complications  of  fractures  are:  (i)  Those  occurring  at  the 
time  of  injury,  which  may  be  (a)  general,  i.e.,  shock,  or  (b)  local, 
such  as  sprain,  dislocation,  and  injuries  to  the  vessels,  nerves,  mus- 
cles, tendons,  or  viscera;  (2)  those  appearing  during  the  time  of 
treatment  or  later,  which  again  may  be  (a)  general,  such  as  sepsis, 
tetanus,  fat  or  clot  embolism,  h)qx)static  congestion  of  the  lungs, 
delirium  tremens,  delirium  nervosum,  and  suppression  or  retention 
of  urine;  or  (b)  local,  such  as  excessive  swelling  from  efiFusion  of  serum 
or  extravasation  of  blood;  inflammation,  ulceration,  sloughing,  or 
gangrene,  from  swelling,  pressure  of  splints  or  bandages,  or  from 
thrombosis;  muscular  spasm;  necrosis  of  bone;  stiffness  or  ankylosis 
of  joints;  atrophy  of  muscules,  either  from  disuse,  or  from  paralysis 
the  result  of  nerve  injury;  excessive  callus  formation,  usually  there- 
suit  of  incomplete  reduction;  tumors  of  bone;  stiffness  of  tendons  from 
thecitis;  contractures  of  muscles  from  myositis  or  neuritis;  neuralgia; 
crutch  paralysis;  persistent  edema,  due  to  vasomotor  paralysis  or 
venous  thrombosis;  vicious  union;  non-union;  delayed  union;  and 
fibrous  or  cartilaginous  union. 

Repair  of  fractures  is  analogous  to  the  repair  of  other  wounds, 
except  that  the  reparative  material  ultimately  becomes  bone  instead 
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of  scar  tissue.  Immediately  following  a  fracture  blood  extravasates 
between  and  around  the  fragments,  which  are  frequently  united  by  a 
bridge  of  untorn  i>eriosteum.  The  surrounding  blood  vessels  dilate, 
and  serum  and  leukocytes  escape  into  the  tissues.  The  connective  tis- 
sue cells  proliferate  (fibroblasts)  and  replace  the  blood  clot,  which,  dur- 
ing the  first  week  or  ten  days,  is  gradually  absorbed  and  devoured 
by  the  leukocytes.  At  the  same  time  there  occurs  a  proliferation  of 
the  osteoblasts,  which  are  found  in  the  medulla  and  the  deeper  layers 
of  the  periosteum.  This  mass  of  actively  multiplying  cells  is  vascu- 
larized from  neighboring  vessels,  becomes  calcified,  and  is  finally 
transformed  into  bone  as  the  result  of  the  activity  ot  the  osteoblasts. 
If  the  osteoblasts  are  slow  in  action,  calcification  is  preceded  by  the 
fonnation  of  fibrous  tissue  by  the  fibroblasts,  or  in  some  instances  bone 
fails  to  form  and  the  fragments  are  united  by  fibrous  tissue  only. 
^litn  the  osteoblasts  are  more  active,  bony  reproduction  is  preceded 
by  the  formation  of  cartilaginous  tissue,  which  in  some  cases  is  as  far 
as  repair  extends,  the  union  being  cartilaginous  only.  During  the 
process  of  repair  the  ends  of  the  bone  become  softened  as  the  result  of 
a  rarefying  ostitis,  the  roughened  ends  being  smoothed  by  a  process 
of  absorption  and  covered  with  granulations,  which  are  probably 
derK'ed  chiefly  from  the  medulla.  The  compact  bone  itself  is  thought 
to  take  but  little  part  in  the  process  of  repair.  The  mass  of  repara- 
tive material  which  forms  between  and  around  the  fragments  is  called 
cattus.  The  callus  surrounding  the  fracture  is  called  ensheathing  or 
external  callus,  that  in  the  medullary  canal  internal  or  central  callus, 
and  that  between  the  ends  of  the  bone  intermediate  callus.  The 
ensheathing  callus  is  finally  absorbed,  although  it  may  persist  and 
interfere  with  the  motions  of  joints  or  tendons,  unite  the  bone  to  a 
neighboring  bone,  or  engulf  an  adjacent  nerve.  The  central  callus 
may  be  absorbed,  although  this  is  not  common.  Ossification  begins 
in  the  first  week  and  is  complete  in  from  ten  days  (in  the  small  bones 
of  the  face)  to  six  or  eight  weeks  (in  the  femur) . 

The  treatment  of  simple  fracture  is  (i)  reduction,  (2)  retention, 
(3)  restoration  of  function. 

In  transporting  a  patient  with  a  broken  limb  it  may  be  necessary 
to  improvise  splints  from  canes,  umbrellas,  etc.  A  fractured  humerus 
may  be  fastened  to  the  chest,  a  broken  forearm  may  be  supported 
by  pushing  a  folded  newspaper  up  the  sleeve  of  a  coat,  the  lower  limb 
may  be  tied  to  its  fellow  or  held  between  the  rolled  up  ends  of  a 
blanket.  The  Thomas  splint  has,  in  military  practice,  met  all  the 
requirements  of  transportation  in  fractures  of  the  upper  and  lower 
extremities  see  Fig.  184. 
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(i)  Reduction,  or  seUingy  of  a  fracture  should  be  performed  as  sooa 
after  the  accident  as  possible.  It  is  accomplished  by  manipulations 
to  relax  muscles  or  other  soft  structures  while  the  ends  of  the  bone 
are  being  maneuvered  into  place.  Relaxation  may  be  obtained  by 
traction;  by  extension  and  counterextension;  by  posture,  e.g.,  flexion 
of  the  leg  in  fracture  of  the  tibia;  by  tenotomy,  e.g.,  of  the  tendo 
Achillis  in  fractures  near  the  ankle;  and  by  general  anesthesia, 
which  always  should  be  employed  if  reduction  cannot  otherwise  be 
readily  aflfected.     In  addition  to  muscular  contraction  the  obstacles  to 

reduction  are  interlocking  of  the  frag- 
ments, separation  of  the  fragments  by 
soft  parts  or  bone,  entanglement  of  one 
fragment  in  the  fascia  or  skin,  and  impac- 
tion. In  the  last  instance  reduction  is 
contraindicated  unless  the  deformity  is  excessive. 

(2)  Retention  or  immobilization  is  maintained  by  some  form  of 
splint,  which  may  be  of  wood,  metal,  felt,  leather,  plaster-of-Paris, 
etc.  Before  the  application  of  a  splint  abrasions  should  be  covered 
with  atearate  of  zinc  powder,  and  blebs  punctured  without  removing 
the  epidermis.  The  splint  should  be  thickly  padded,  particularly 
where  prominent  subcutaneous  bony  points  will  rest.  As  a  general 
rule  the  joints  above  and  below  the  fracture  should  be  immobilized- 
The  limb  should  not  be  bandaged  beneath  the  dressing  holding  the 
splint  in  place,  unless  such  bandage  is  of  soft  material  loosely  applie< 


Pig.  184. — Thomas  splint. 


Pig.  185. — Blake's  modification  of  Thomas  splint. 

for  the  purpose  of  padding.  Great  care  should  be  exercised  not  0 
make  the  bandage  too  tight,  for  fear  of  sloughing  or  gangrene,  a 
ischemic  myositis.  If  the  fingers  or  toes  are  left  exposed,  they  wT 
serve  as  an  index  to  the  general  conditon  of  the  limb.  If  they  be 
come  cold,  blue,  or  numb,  or  if  there  is  great  pain  in  the  limb,  tlu 
bandages  should  be  removed  and  the  parts  inspected. 

The  so-called  fixed  dressings  (see  section  on  bandages),  such  a. 
starch,  silicate  of  soda,  and  plaster-of-Paris,  are  frequently  employee 
after  the  subsidence  of  swelling,  although  many  surgeons  appl) 
them  as  a  primary  dressing.    The  dangers  of  the  latter  method 
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viz,,  sloughing  or  gangrene  due  to  great  swelling  beneath  the  case, 
and  undetected  displacement  of  the  fragments,  are  prevented  by 
cutting  the  dressing  immediately  after  its  application  if  it  encases 
the  entire  limb,  removing  all  but  enough  to  form  a  trough,  or  by 
applying  the  material  as  a  large  poultice  would  be  applied  and  then 
allowing  it  to  harden. 

Plastic  splints,  such  as  cardboard,  felt,  leather,  and  gutta  percha, 
are  cut  to  the  desired  pattern,  soaked  in  hot  water  to  render  them 
pliable,  and  allowed  to  harden  while  bandaged  to  the  limb.  Gooch's 
flexible  wooden  splints  consist  of  thin  strips  of  fir  glued  upon  canvas; 
they  are  flexible  transversely  and  rigid  longitudinally. 

(3)  Restoration  of  function  is  obtained  first  by  accurate  reduction 
and  the  application  of  evaporating  lotions  or  an  ice  bag  to  limit 
effusion,  and  during  the  subsequent  treatment  by  massage  and  pas- 
ave  and  active  motions.  In  the  early  part  of  the  treatment  of  a 
fracture  the  patient  should  be  seen  each  day,  and  the  dressings 
removed  if  such  be  indicated ;  later,  in  many  instances,  the  dressing 
should  be  done  every  two  or  three  days.  The  parts  should  be  in- 
spected, the  skin  kept  in  good  condition  by  gentle  friction  with 
alcohol,  and  in  suitable  cases  the  muscles  mass6ed  and  the  neigh- 
boring joints  moved,  in  order  to  prevent  atrophy  and  stiffness. 
Lucas-Championidre  advises  massage  from  the  very  beginning  in  all 
fractures  except  those  of  the  patella.  In  many  instances  in  which 
there  is  no  tendency  towards  recurrence  of  displacement  the  bone  is 
not  even  splinted,  and  active  motions  are  encouraged  at  an  early 
period.  There  is  no  doubt  of  the  value  of  massage  and  early  mobili- 
zation of  joints  during  the  treatment  of  fractures,  but  in  all  cases 
the  fragments  themselves  must  be  immobilized  and  kept  so  until 
the  callus  is  sufliciently  firm  to  obviate  all  danger  of  recurrence  of 
displacement.  Blake,  as  the  result  of  his  experience  with  gunshot 
fractures  believes  that  traction  in  the  axis  of  the  proximal  fragment  of 
the  bone,  while  in  its  position  of  relaxation,  will  provide  sufficient  force, 
through  the  tense  muscles  and  fascias,  to  maintain  the  fragments  in 
their  normal  relations.  His  suspension  and  extension  treatment  of 
fractures  is  based  upon  this  principle  see  Fig.  211. 

Some  surgeons  treat  fractures  of  the  lower  extremity,  even  as 
hi^h  as  the  middle  of  the  femur,  by  the  ambulatory  method.  A  large 
pad  is  placed  beneath  the  sole  of  the  foot  and  a  plaster  cast  applied 
to  above  the  seat  of  fracture,  so  that  when  the  patient  walks  the 
weight  of  the  body  is  supported  by  the  limb  above  the  fracture. 

In  cases  in  which  successful  reduction  cannot  be  secured  or  main- 
tained, operative  treatment  is  indicated,  providing  aseptic  details  can 
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be  observed  and  the  requisite  skill  is  possessed  by  the  operator; 
hence  the  more  conservative  plan  of  splint  treatment  should  be 
employed  by  one  who  does  not  possess  such  qualifications.  The 
fragments  should  be  exposed  by  a  suitable  incision  and  the  obstacle  to 
reduction  removed;  this  will  often  be  found  to  be  muscle,  fascia,  or 
other  soft  parts  between  the  fragments.  In  bringing  the  fragments 
into  alignment  Lane  uses,  in  addition  to  traction,  strong  long-handled 
forceps  (Fig.  186)  to  grasp  the  ends  of  the  bones.  Martin  has  devised 
a  method  of  traction  that  is  efficient  even  in  old  cases  with  consider- 
able shortening.  He  employs  "a  long,  strong  canvas  strip  pocketed 
in  the  middle  and  looped  at  the  ends.  The  bones  at  the  seat  of 
fracture  are  freed,  the  pocket  is  slipped  over  the  proximal  end  of  the 
distal  fragment,  the  ends  of  the  canvas  strip  are  carried  in  the  long 
axis  of  the  limb,  and  in  the  loops  is  fixed  a  cord  to  which  are  attached 
weights.  By  thumb  pressure  the  bone  is  kept  from  angling  out  of 
the  wound,  and  the  weights,  up  to  100  pounds  or  more,  are  attached 
to  the  rope.  In  from  three  to  five  minutes  the  shortening  is  over- 
come. "     When  the  measures  just  mentioned  fail  it  will  be  necessary 


Pig.  186. — ^Lane's  forceps. 

to  saw  ofiF  a  portion  of  each  fragment  before  approximation  can  be 
accompUshed,  and  in  the  forearm  or  leg  an  equal  portion  of  the  com- 
panion bone  also  must  be  removed.  Unless  is  there  no  tendency 
for  the  bones  to  slip  out  of  place  the  fragments  must  be  held  in  posi- 
tion. Probably  the  best  method  for  this  purpose  is  transplantation 
of  bone,  the  general  principles  of  which  are  summarized  at  the  end 
of  this  chapter.  A  graft  can  be  cut  from  one  of  the  fragments  or 
from  another  bone  (e.g.,  the  crest  of  the  tibia  or  a  rib)  and  used  as  an 
intramedullary  splint.  This  is  driven  into  the  medulla  of  the  upper 
fragment,  then  pushed  into  the  medulla  of  the  lower  fragment;  if  the 
latter  maneuver  is  difficult  the  medulla  can  be  opened  by  raising  a 
portion  of  the  cortex  on  a  hinge  of  periosteum.  If  the  osseous  splint 
is  loose  it  may  be  held  in  place  by  nailing  transversely,  or,  better,  by 
passing  catgut  or  kangaroo  tendon  through  holes  drilled  in  the  frag- 
ments and  the  splint.  Another  method  which  is  rapidly  gaining  in 
favor  is  to  removed  an  oblong  piece  of  the  cortex  from  each  fragment 
with  a  chisel  or  motor-driven  saw,  the  cut  surfaces  being  beveled, 
so  that  the  grafts  will  not  fall  into  the  medullary  cavity  when  replaced, 
and  one  graft  being  cut  much  longer  than  the  other.     The  longer 
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graft  is  made  to  bridge  the  line  of  fracture,  and  the  cavity  thus  left 
is  filled  with  the  shorter  graft  (Fig.  187).  Fixation  may  be  secured 
abo  by  silver  wire  passing  around  the  bone  or  through  holes  bored 
in  the  bone,  by  kangaroo  tendon  or  aluminium  bronze  wire,  both  of 
which  are  ultimately  absorbed,  by  silver  or  steel  plates  which  are 
Fistened  to  each  fragment  with  screws  (Fig.  188),  or  by  means  of 
nails,  screws,  ivory  pegs,  metallic  staples,  bone   ferrules,  or  intra- 


--,.  -The  small  diagram  to  the  ri 
""*«»  ot  the  tibia.      A,  from  the  upper  ft: 
*' "inierted  into  the  bone,  as  shown  on  tl 
I      "iTotiiig  the  periosteum. 

'rc.  188. — Lane's  plate,  and  Lowman' 
I      **«  bone  in  position  while  the  screws  a. 

"tediiilary  splints  of  metal,  ivory,  or  bone.  The  last  may  be  living, 
*s  mentioned  above,  or  dead.  Dead  bone  may  be  decalcified, 
■fiich  is  uimecessary,  or  simply  boiled  and  cleansed  of  medulla  and 
so/t  parts.  We  have  employed  lamb  and  ox  bone  prepared  in  this 
■ay  for  ferrules  and  intramedullary  splints.  The  special  forms  of 
ifiparatus  coosbting  of  long  screws  held  by  external  clamps  (Parkhill, 
Keetley,  Freeman,  Lambotte)  are  too  complicated  and  necessitate 
[  tbe  wound  open,  thus  predisposing  to  infection.    After  the 
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fragments  have  been  fixed  in  place  the  incision  in  the  soft  parts  should 
be  closed,  and  the  limb  immobilized  by  plaster-of-Paris  or  a  suitable 
splint.  The  cast  should  be  put  on  the  limb  before  the  operation  and 
anesthesia;  split  into  anterior  and  posterior  halves  after  harden- 
ing; then  applied  again  after  completion  of  the  operation,  and  bound 
with  adhesive  plaster  or  bandages.  When  non-absorbable  foreign 
material  has  been  used  to  fix  the  fragments,  its  removal  is  not  infre- 
quently demanded  after  union  has  occurred,  owing  to  the  formation 
of  sinuses. 

The  treatment  of  compound  fractures  is  that  of  the  wound  in  the 
soft  parts  and  of  the  broken  bone  itself.     The  constitutional  symp- 
toms are  more  severe  than  in  simple  fracture,  there  being  a  varying 
amount  of  shock  according  to  the  degree  of  injury,  and  later  a  higher 
rise  in  temperature,  even  when  asepsis  has  been  maintained.    In 
some  cases  the  fracture  is  non-comminuted,  the  injury  to  the  soft 
parts  slight,  the  opening  in  the  skin  small  and  comparatively  clean; 
in  such  cases  the  wound  may  be  disinfected  with  iodin  and  covered 
with  a  sterile  dressing,  the  fracture  reduced  and  immobilized,  and 
the  patient  watched  for  evidences  of  sepsis.     In  others  the  injury  is 
so  extensive  that  amputation  is  required.     The  following  remarks 
apply  to  cases  of  compound  fracture  of  the  extremities  between  these 
extremes.    The  dangers  are  hemorrhage  and  sepsis.     Severe  primary 
hemorrhage  is  temporarily  controlled  by  the  tourniquet,  and  meas- 
ures are  taken  to  react  the  patient  from  shock.    In  the  absence  of 
shock  the  patient  should  be  anesthetized  and  thorough  disinfection 
carried  out,  and  the  primary  dressing  should  be  approached  as  one 
would  an  abdominal  operation.    The  limb  should  be  shaved,  scrub- 
bed with  soap  and  water,  and  washed  with  bichlorid  of  mercury,  i 
to  1,000,  or  disinfected  with  iodin.    Devitalized  tissues,  extravasated 
blood,  tissues  into  which  dirt  has  been  ground,  completely  detached 
fragments  of  bone  and  all  foreign  bodies  should  be  removed  by  clean, 
sharp  dissection,  enlarging  the  wound  in  the  skin  as  much  as  may  be 
necessary.     Pieces  of  bone  firmly  attached  to  the  soft  parts  often 
retain  their  vitality  and  may  be  left  in  place.     If  internal  fixation  is 
desired,   only  absorbable  materials   should  be  used,   silver  wire, 
steel  plates  or  screws  should  not  be  employed.    External  fi^cation  by 
means  of  traction  and  splints  is  usually  adequate.    The  hemorrhage 
is  controlled  in  the  usual  way,  and  the  injuries  to  the  soft  parts 
carefully  repaired,  e.g.,  suturing  of  a  torn  nerve  or  muscle.     The 
anatomical  closure  of  the  soft  tissues  with  catgut  and  the  skin  with 
silkwormgut,  at  the  time  of  the  primary  operation,  is  the  ideal  pco- 
ceedure.    This  primary  closure  pi  compound  fractures  hta  been  found* 
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in  military  practice,  to  be  a  safe  method  when  (i)  the  interval  of 
time  is  less  than  ^2  hours  (2)  it  has  been  possible  to  remove  all 
foreign  bodies  and  devitalized  tissues  (3)  and  the  wound  does  not 
contain  streptococci.  If  these  conditions  cannot  be  obtained  or 
closure  of  the  wound  is  a  mechanical  impossibility,  delayed  primary 
or  secondary  closure,  after  surgical  sterility  is  obtained,  may  be 
practiced.  The  limb  is  splinted.  If  a  plaster  cast  is  applied,  it 
should  be  made  in  the  form  of  a  gutter  splint.  When  the  wound  is 
left  open  and  requires  frequent  dressings  the  suspension  apparatus 
of  Blake  is  to  be  preferred  (Figs.  189,  211). 

Fracture  complicated  with  dislocation  is  treated  by  first  reducing 
the  dislocation  by  manipulations,  aided,  if  need  be,  by  a  splint  to 
give  sufficient  rigidity  to  the  limb;  or  through  an  incision  the  articular 
end  of  the  bone  may  be  maneuvered  into  place  by  the  fingers  or  by  a 
hook.  Some  advise  setting  the  fracture  and,  after  union  has  been 
obtained,  trying  to  reduce  the  dislocation. 

Thnmited  fractureSy  delayed  unions  and  non-union  are  due  to 
infection;  imperfect  immobilization;  the  presence  of  muscle  or  other 
soft  tissue  between  the  fragments;  marked  overlapping;  wide  separa- 
tion; defective  nutrition  of  the  bone  as  the  result  of  injury  to  its 
blood  supply;  general  or  local  diseases  of  bones,  such  as  are  mentioned 
among  the  pathological  causes  of  fracture  (p.  268) ;  or  to  constitutional 
diseases,  such  as  syphilis,  gout,  rheumatism,  scurvy,  or  other  affec- 
tions causing  debility.  Non-union  may  be  distinguished  from  de- 
layed union  by  the  absence  oi  pain  and  the  presence  of  voluntary 
moticm  in  the  former.  These  conditions  are  most  common  in  the 
patella,  olecranon,  and  similar  situations  where  strong  muscular 
contraction  tends  to  separate  the  fragments,  and  in  the  middle  of  the 
humerus  and  upper  and  lower  thirds  of  the  femur. 

Absolute  non-union,  i.e.,  when  there  is  absolutely  no  attempt  at 
repair,  is  seldom  seen  apart  from  malignant  disease  of  bone.  In 
most  instances  the  ends  of  the  bone  become  rounded,  the  medullary 
canal  closed,  and  the  fragments  joined  by  fibrous  tissue  {fibrous 
union).  In  a  pseudoarthrosis,  or  false  joint,  the  fragments  are  held 
■  together  by  a  capsule  of  fibrous  tissue,  within  which  is  developed  a 
bursa  the  result  of  the  friction  of  one  bone  on  the  other,  and  the  ends 
of  the  broken  fragments  are  covered  with  cartilage. 

The  treatment  of  delayed  union  is  prolonged  immobilization  in 
plastcr-of -Paris,  and  attention  to  the  general  health.  Some  advise 
the  induction  of  congestion  or  inflammation  by  rubbing  the  ends  of 
the  bone  together,  by  scraping  the  ends  with  a  long  and  strong  needle 
pushed  in  through  the  skin,  by  the  injection  of  a  10  per  cent,  solution 

25 
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of  chlorid  of  zinc,  or  by  applying  a  rubber  band  around  the  limb 
above  the  fracture.  Bier  injects  fresh  blood  between  the  fragments; 
Dilger  an  emulsion  of  periosteum,  the  periosteum  being  obtained 
from  the  patient.  The  internal  administration  of  thyroid  extract 
and  potassium  iodid  are  thought  to  encourage  callus  formation. 
Non-union  is  treated  by  resection  of  the  ends  of  the  fragments,  and 
fastening  them  together  by  one  of  the  methods  mentioned  above 
(p.  273),  the  best  of  which  for  non-union  is  bone  transplantation, 
Codivilla  wires  the  fragments,  and  envelops  the  fracture  with  a  strip 
of  periosteum  to  the  under  surface  of  which  is  attached  a  thin  slice 
of  bone.  When  the  ends  are  overlapped,  and  resection  would  prove 
a  formidable  operation  owing  to  the  situation  of  the  bone,  screws  or 
pegs  may  be  inserted  into  drill  holes  which  traverse  each  fragment 
from  side  to  side. 

Viciotis  uniony  or  union  with  great  deformity,  is  due  to  imperfect 
reduction,  recurrence  oi  displacement,  bending  or  overproduction 
of  callus  subsequent  to  the  removal  of  splints,  or  to  bone  diseases, 
such  as  fragilitas  ossium  and  osteomalacia.  It  may  be  treated, 
in  the  early  stages  while  the  callus  is  plastic,  by  pressing  the  bones 
into  place,  and  later,  if  deformity  or  disability  is  marked,  by  osteo- 
tomy, by  chiseling  away  projecting  areas,  or  by  resecting  the  callus 
and  fastening  the  fragments  with  bone,  wire,  plates,  etc. 

Disunited  fracturei  or  separation  after  the  fragments  have  united, 
may  occur  from  violence,  and  occasionally  during  the  progress  of  an 
exhausting  disease. 

SPECIAL  FRACTURES 

The  nasal  bones  are  usually  broken  in  their  lower  third,  the 
fracture  being  frequently  compound  through  the  skin  or  mucous 
membrane.  The  cause  is  direct  violence,  the  degree  and  direction 
of  which  determine  the  amount  and  character  of  the  displacement. 
The  nasal  septum  is  often  injured,  resulting  in  lateral  displacement, 
which  may  later  give  rise  to  nasal  obstruction.  The  symptoms  are 
pain,  swelling,  crepitus,  deformity,  and  epistaxis.  Abnormal 
mobility  may  be  fallacious  in  the  lower  third  owing  to  the  great 
mobility  of  the  cartilages.  The  complications  are  emphysema,  cere- 
bral concussion,  fracture  of  the  neighboring  facial  bones  or  of  the 
base  of  the  anterior  fossa  of  the  skull,  and  later  suppuration  and 
necrosis  of  bone  or  cartilage. 

The  treatment  should  be  prompt,  as  the  bones  early  consolidate 
in  deformity.     In  all  cases  the  septum  should  be  examined  to  deter- 
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mine  whether  or  not  it  is  broken.     No  apparatus  is  needed  if  there 

k  no  deformity  or  if  the  deformity  does  not  recur  after  reduction. 

Seduction  is  accomplished  by  external  pressure,  and  by  lifting  the 

fragments  from  Mdthin  by  means  of  a  padded,  narrow  instrument, 

SQch  as  a  grooved  director,  or  by  a  rubber  bag  which  is  passed  into 

the  iM)se  and  distended  with  air.     The  septum  may  be  straight- 

*  ened  by  a  finger  introduced  into  either  nostril  or  by  septum  forceps. 

Either  cocain  or  ether  anesthesia  may  be  necessary.     In  depressed 

fc  fractures  reduction  may  be  maintained  by  packing  the  nostrils  with 

I  gauze,  or  by  passing  a  strong  pin  (Mason's  pin)  through  the  skin, 

beneath  the  fragments,  and  making  external  pressure  by  means  of 

gauze,  held  in  place  by  figure  of-8  turns  of  silk  around  the  ends  of  the 

['  pin.    Lateral  displacement  requires  an  external  compress  or  molded 

'  ^)lint,  held  in  place  by  adhesive  plaster,  or  an  apparatus  consisting 

,  d  a  metallic  band  around  the  forehead  with  a  support,  provided 

:  with  a  pad  and  screw  for  making  pressure,  running  down  to  one  side 

r  of  the  nose.     If  the  septum  is  deformed,  it  may  be  held  in  place  by 

r  gauze  packing,  or  by  means  of  rubber,  vulcanite  or  metallic  tubes, 

f  which  have  perforations  in  the  side  for  drainage,  and  which  are  made 

-  in  various  sizes.     Roberts  inserts  one  or  more  long  pins  into  the 

',  sq)tum  in  such  a  way  as  to  press  on  the  deviation  as  the  stem  of  a 

\  tower  is  pressed  upon  when  pinned  to  the  lapel  of  a  coat.     In  any 

case  the  nose  should  be  sprayed  several  times  daily  with  an  antiseptic 

flohition,  and  the  patient  cautioned  about  blowing  or  wiping  the 

nose.    The  prognosis  is  usually  good,  although  some  deformity  is 

vcr\'  apt  to  remain  in  bad  ases.     Union  is  complete  in  from  ten  days 

to  two  weeks. 

The  lachrymal  bone  is  rarely  broken  alone,  and  the  treatment  is 
&ected  principally  to  the  neighboring  bone.  Obstruction  of  the 
hchr}'mal  duct  may  be  prevented  by  the  passage  of  a  probe. 

The  malar  bone  is  fractured  by  direct  violence,  usually  with  injury 
to  adjoining  bones.  Sometimes  the  whole  bone  is  pressed  into  the 
bones  on  which  it  rests.  The  symptoms  are  deformity,  conjunctival 
hemorrhage  when  the  orbital  surface  is  involved,  and  interference 
with  the  motions  of  the  lower  jaw  when  depression  is  sufficient  to 
OKToach  upon  the  coronoid  process.  Crepitus  and  abnormal  mo- 
hflity  may  be  absent.  In  favorable  cases  the  deformity  can  be 
corrected  by  pressure  beneath  the  bone  within  the  mouth.  If 
this  is  unsuccessful,  particularly  in  cases  in  which  the  movements  of 
the  lower  jaw  are  impaired,  the  bone  may  be  elevated  through  an 
Memal  incision.  No  retentive  apparatus  is  required,  as  displace- 
mt  does  not  recur.    The  bone  unites  in  two  weeks. 
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The  zygoma  is  fractured  by  direct  force,  or  by  indirect  force 
when  the  malar  is  depressed.  There  is  usually  an  indentation  just 
behind  its  junction  with  the  malar  bone.  The  treatment  consists  in 
the  application  of  pressure  within  the  mouth  or  externally,  in  order 
to  effect  reposition.  Failing  in  this,  especially  if  the  movements 
of  the  lower  jaw  are  defective,  a  piece  of  silver  wire  may  be  passed 
through  the  skin  and  beneath  the  depressed  fragment,  in  order  to 
pull  it  into  place.  A  retentive  apparatus  is  seldom  required.  Union 
is  complete  in  two  or  three  weeks. 

The  superior  maxilla  is  usually  broken  by  direct  blows,  which  in 
most  instances  break  also  contiguous  bones.  It  may,  however,  be 
broken  by  indirect  force  through  the  chin.  The  fracture  is  almost 
always  compound  and  comminuted,  and  often  bilateral.  There  are 
pain,  great  swelling  of  the  face,  and  interference  with  mastication; 
deformity,  abnormal  mobility,  and  crepitus  are  detected  through  the 
nose,  mouth,  or  cheek.  The  complications  are  emphysema,  violent 
hemorrhage  from  the  internal  maxillary  or  its  branches,  and  injury 
to  the  lachrymal  duct,  infraorbital  nerve,  or  the  brain.  Suppuration 
and  necrosis  may  occur.  The  treatment  is  careful  disinfection,  and 
molding  of  the  bone  into  position  through  the  nose  or  mouth,  or 
through  an  external  wound  if  it  be  present.  Loose  teeth  should  be 
put  back  in  place  and  fastened  to  their  fellows  by  wire.  In  fractures 
involving  the  alveolus  the  lower  jaw  may  be  used  as  a  splint  by  means 
of  the  Barton  or  the  Gibson  bandage,  or  an  interdental  splint  may  be 
employed.  It  may  be  necessary  to  insert  a  tube  into  the  nose  to 
maintain  its  patency.  The  nose  and  mouth  should  be  washed  several 
times  a  day  with  an  antiseptic  solution,  and  the  wounds  dressed 
daily.  Liquid  food  is  administered  through  a  nasal  tube,  or  by 
passing  it  into  the  mouth  behind  the  last  teeth.  The  bone  unites 
in  three  or  four  weeks. 

The  inferior  majilla  is  generally  broken  by  direct  violence,  but  a 
fracture  near  the  middle  line  may  result  from  a  force  which  presses 
the  bodies  together,  and  fracture  of  the  condyle  may  follow  a  fall 
on  the  chin.  The  bone  is  most  frequently  broken  just  external  to 
the  symphysis,  owing  to  the  weakness  occasioned  at  this  point  by 
the  deep  socket  of  the  canine  tooth  and  the  mental  foramen,  just 
posterior  to  it.  As  a  rule  the  fracture  is  compound  internally  and 
not  infrequently  there  are  multiple  breaks.  The  symptoms  are 
pain,  laceration  of  the  gum  at  the  point  of  fracture,  bleeding  from 
the  mouth,  swelling  of  the  face,  abnormal  mobility,  crepitus,  and 
deformity  as  demonstrated  by  imperfect  alignment  of  the  teeth. 
When  the  bone  is  broken  in  front  of  the  masseter,  the  posterior 
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fragment  is  pulled  upward  by  the  masseter  and  temporal  muscles, 
whfle  the  depressors  of  the  jaw  (geniohyoglossus,  geniohyoid,  anterior 
part  of  mylohyoid,  digastric,  and  platysma)  draw  the  anterior 
fragment  downwards  and  backwards.  In  fractures  of  the  neck  of 
the  condyle,  the  jaw  is  drawn  toward  the  injured  side  by  the  ptery- 
goids of  the  sound  side,  and  the  condyle  is  pulled  forward  and  inward 
by  the  external  pterygoid.  Fracture  of  the  coronoid  is  very  rare, 
and  displacement  is  usually  slight,  because  the  temporal  muscle  is 
attached  farther  down  on  the  inner  than  on  the  outer  side;  if  the 
fibres  of  attachment  are  torn  the  process  is  drawn  upward  by  the 
temporal  muscle.  The  complications  are  suppuration,  and  necrosis 
of  bone,  with  the  ills  that  they  may  produce,  e.g.,  cervical  aden- 
itis, and  digestive  or  pulmonary  disorders  from  swallowing  or  inhaling 
foul  discharges.  Fracture  of  the  base  of  the  skull  may  be  produced 
if  the  condyles  are  driven  forcibly  upwards. 

The  treatment  consists  in  reduction  by  direct  pressure,  immo- 
bilization, and  careful  and  frequent  cleansing  of  the  mouth.  In 
cases  in  which  there  is  little  tendency  to  displacement,  sufficient 
immobilization  may  be  obtained  by  a  molded  chin  piece  (Fig.  195) 
of  felt,  cardboard,  leather,  or  thick  flannel  impregnated  with  plaster- 
of -Paris,  the  chin  cup  being  held  in  place  by  a  Barton  or  a  Gibson 
bandage.  If  the  displacement  tends  to  recur,  and  this  is  true  in  the 
large  majority  of  cases,  the  adjoining  teeth,  ii  not  loose,  may  be  tied 
together  with  wire,  or  fastened  by  Angle's  bands,  which  are  thin 
pieces  of  metal  that  are  clamped  about  several  teeth  in  each  jaw  by 
means  of  a  screw,  the  jaws  being  held  together  by  wire  or  silk  running 
from  the  clamps  on  the  lower  jaw  to  those  on  the  upper  jaw.  Ham- 
mond's splint  consists  of  a  wire  frame  work  which  surrounds  all  the 
teeth  of  the  lower  jaw  and  which  is  fastened  in  place  at  several 
points  by  wire  running  between  the  teeth.  In  many  instances 
accurate  apposition  can  be  obtained  only  by  wiring  the  jaw  itself,  or 
far  better,  with  an  interdental  splint.  Interdental  splints  are  made 
of  vulcanite,  hard  rubber,  or  metal,  from  a  plaster-of-Paris  cast  of 
the  teeth;  they  can  be  made  only  by  a  skilled  dentist  (Fig.  190).  An 
impression  of  the  teeth  is  first  taken  by  a  dental  modeling  compound, 
which  is  softened  by  heat  and  allowed  to  harden  on  the  teeth.  A 
plaster  cast  of  the  two  jaws  is  made  from  this  mold,  the  cast  of  the 
lower  jaw  severed  at  the  point  of  fracture,  the  displacement  in  the 
cast  corrected,  and  an  interdental  splint  made  from  the  plaster  cast. 
Bars  curving  backwards  over  the  cheeks  are  sometimes  attached  to 
support  a  bandage  passing  under  the  chin,  so  that  the  jaw  will  be 
held  in  place  even  when  the  mouth  is  open  (Fig.  189).     Moriarty 
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fastens  a  metallic  chin  piece  to  these  side  bars  by  several  vertii 
supports.  Matas  has  constructed  an  adjustable  metallic  interden 
splint,  which  may  be  applied  by  any  medical  man  without  spec 
dental  skill.  The  splint  is  a  sort  of  clamp  which  holds  the  jaw  ^ 
tween  a  mouth  piece  and  a  chin  cup.  It  is  made  in  three  sizes,  I 
smallest  for  children,  the  medium  for  youths,  and  the  largest  size 
adults;  the  chin  cup  may  be  adjusted  to  various  degrees  of  -piogi 


Pig.   Tgg. — Kingslcy's  interdental  splint.     (Brophy  after  Kinsiley.) 


thism  by  a  sliding  joint  {Fig.  191).  If  the  teeth  are  loose,  the  guti 
of  the  mouth  piece  may  be  filled  with  a  dental  modeling  composit)( 
In  any  case  the  mouth  and  teeth  should  be  frequently  cleansed  a 
irrigated  with  a  mild  antiseptic  solution.  If  inadvisable  to  open  I 
mouth,  the  patient  may  be  fed  as  described  under  fracture  oft 
upper  jaw.  Fractures  of  the  coronoid  process  and  the  condyle  i 
treated  by  a  Barton  or  a  Gibs 
bandage. 

The  hyoid  bone  may  be  fr; 
tured  by  constriction,  such 
occurs  in  throtting  and  hangii 
The  symptoms  are  pain,  swellii 
deformity,  bleeding  from  t 
mouth,  and  interference  *i 
breathing,  speaking,  or  swallo 
ing.  Abnormal  mobiUty  a 
crepitus  are  present  in  a  few  cas 
The  treatment  consists  in  the  correction  of  the  deformity,  if  possit 
by  a  finger  in  the  mouth  and  the  hand  externally,  and  the  appli' 
tion  of  a  molded  cardboard  splint  to  the  neck.  The  head,  ne 
and  lower  jaw  may  be  immobilized,  and  the  patient  fed  by  rectu 
talking  Is  forbidden.  The  bone  unites  in  four  weeks.  Edema  d ' 
glottis  may  demand  intubation  or  tracheotomy. 

The  laryngeal  cartilages  may  be  fractured,  particulariy  in  old ; 


Pig.  190. — Band  splintto  embracefour 
teeth,  two  on  each  side  of  fracture. 
(Brophy.) 
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g  to  the  deposition  of  lime  salts.  The  symptoms  are  similar  to 
!  of  fracture  of  the  hyoid  bone,  except  that  dyspnea  and  inter- 
ce  with  the  voice  are  more  marked  and  emphysema  more 
Qon.    The  treatment  is  similar  to  that  of  fracture  of  the  hyoid 

"he  ribs  may  be  broken  by  direct  violence,  or  by  indirect  vio- 
,  e.g.,  compression  of  the  chest,  in  which  case  the  rib  breaks  at 
lost  convex  part,  or  near  the  angle.  In  a  few  cases  violent 
sUar  action,  such  as  occurs  in  coughing  and  straining,  is  respon- 
for  the  accident.     In  early  life  the  ribs  are  very  elastic  and  in- 


C  191.— The  Mtttas  splint  Cor  fracture  of  the  lower  jaw.  The  splint  consists  ot 
Utnmft  detachable  pan^:  (a)  a  mouth  piece  of  soil  metal  (block  tin);  (b>  &  cUunp 
ed  and  tiiihlened  with  a  screw;  (c)  a  chin  plate  (of  perforated  alumintun),  which 
!  moved  backward  or  forward  by  sliding  an  the  lower  limb  of  the  clamp.  This  is 
nd  held  in  place  by  a  thumb-screw. 

ilete  fracture  is  not  uncommon.  As  a  rule  more  than  one  rib  is 
JQ,  those  suffering  most  frequently  being  from  the  fifth  to  the 
.,  as  the  upper  ribs  are  better  protected  and  the  lower  ribs  more 
.b!e.  The  fracture  may  be  compound  into  the  lung  or  through 
on.  The  symptoms  are  localized  pain  increased  by  movements 
e  chest  or  pressure  over  the  sternum,  grunting  respirations, 
"essed  cough,  emphysema  if  the  lung  is  wounded,  and  rarely 
tnity  or  abnormal  mobility.  Crepitus  is  frequently  absent; 
btained  by  placing  the  hand  or  the  ear  over  the  point  of  greatest 
xness  while  the  patient  takes  a  full  breath,  or  by  alternately 
ing  on  the  bone  on  either  side  of  the  fracture.     Hemoptysis 
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indicates  injury  to  the  lung.  The  complications  are  injury  to  the 
heart,  lung,  diaphragm,  liver,  spleen,  and  colon,  and  hemothorax, 
pneumothorax,  pleurisy,  pneimionia,  bronchitis,  and  empyema. 

The  treatment  is  immobilization  of  the  aflFected  side  of  the  chest 
with  adhesive  plaster.  In  the  male  the  chest  should  be  shaved  and  a 
piece  of  lint  placed  over  the  nipple.  Adhesive  plaster  strips,  three 
inches  wide  and  long  enough  to  extend  about  three-fourths  around 
the  chest,  are  applied  from  below  upwards  during  expiration,  each 
strip  overlapping  the  preceding  one  (Fig.  195).  The  dressing  is 
changed  once  a  week,  and  discarded  at  the  end  of  three  weeks,  or 
later  if  there  is  much  pain.  If  strapping  increases  the  pain,  it  should 
not  be  employed,  as  the  ends  of  the  bone  are  probably  driven  in- 
wards; these  cases  should  be  confined  to  bed  with  a  compress  betwepn 
the  shoulders.  In  the  presence  of  marked  displacement  which  is 
irreducible  by  external  manipulations,  the  deformity  may  be  cor- 


PiG.  192. — The  Sayre  dressing  for  frac-      Fig.  193. — The  Sayre  dressing  for  frac- 
ture of  the  clavicle;  posterior  view.  ture  of  the  clavicle;  anterior  view. 

rected  through  an  incision,  and  the  fracture  immobilized  by  suture. 
The  patient  should  be  guarded  from  draughts,  and  sedative  expec- 
torants employed  if  there  be  cough. 

The  costal  cartilages  may  be  broken,  or  separated  from  the  ribs  or 
sternum.  The  symptoms  and  treatment  are  those  of  fracture  of  the 
rib. 

The  sternum  is  usually  fractured  at  or  near  the  junction  of  the 
manubrium  with  the  gladiolus,  as  the  result  of  direct  violence, 
although  it  may  be  broken  by  indirect  force  from  excessive  extension 
or  flexion  of  the  body,  such  as  occurs  in  fractures  of  the  spine,  and  by 
muscular  action  in  the  same  way  that  the  ribs  may  be  broken.  The 
upper  fragment  passes  behind  the  lower  fragment,  sometimes  pro- 
ducing severe  dyspnea  and  occasionally  injury  to  the  aorta.  The 
symptoms  are  pain,  deformity,  abnormal  mobility,  crepitus,  forward 
bending  of  the  body,  and  in  many  cases  dyspnea  and  cough.  Com- 
plications are  frequent,  there  usually  being  fractures  of  the  ribs  and 


BONES  393 

spine,  and  often  injuries  to  the  thoracic  viscera;  aneurysm  of  the 
aorta,  mediastinitis,  and  necrosis  of  the  sternum  are  late  complica- 
tions. 

The  treatment  is  rest  in  bed,  with  a  compress  between  the  shoul- 
ders, and  a  broad  strip  of  adhesive  plaster  carried  across  the  chest 
over  the  fracture.  Reduction  may  sometimes  be  accomplished  by 
extending  the  spine  and  making  pressure  on  the  lower  fragment 
while  the  patient  breathes  deeply.  If  this  fails  and  there  is  dyspnea 
due  to  the  depression,  the  displacement  may  be  corrected  and  the 
fragments  fixed  in  position  through  an  external  incision.  Union  is 
complete  in  five  or  six  weeks. 

The  daviclCi  with  the  possible  exception  of  the  radius^  is  broken 
more  frequently  than  any  other  bone  in  the  body,  owing  to  its 
slenderness,  its  exposed  position,  and  to  its  transmitting  the  force  of 
blows  or  falls  from  the  upper  extremity  to  the  trunk.  Consequently 
the  usual  cause  of  fracture  is  indirect  violence,  although  direct 
violence  also  is  responsible  for  a  certain  number  of  cases.  The 
mjury  is  most  frequent  in  children,  and  is  then  often  of  the  green- 
stick  variety.  The  fracture  may  be  located  at  the  sternal  end 
(unusual)^  just  external  to  the  middle,  which  is  the  usual  situation, 
because  it  is  here  that  the  two  curves  of  the  clavicle  meet,  that  the 
bone  is  most  slender  and  that, fewer  nuiscles  are  attached;  between 
the  coracoclavicular  ligaments,  in  which  case  there  is  little  displace- 
ment; or  at  the  acromial  end,  at  which  point  too,  the  displacement 
may  be  slight.  The  symptoms  are  those  of  fracture  in  general.  The 
patient  supports  the  elbow  with  the  hand  of  the  uninjured  side,  and 
bends  the  head  toward  the  aflFected  clavicle  to  relax  the  sternomas- 
toid,  which  pulls  on  the  inner  fragment  only.  The  shoulder  with 
die  outer  fragment  is  displaced  downwards,  inwards,  and  forwards, 
owing  to  the  weight  of  the  extremity  and  the  contraction  of  the 
subclavius  and  muscles  of  the  axillary  folds,  viz.,  pectoralis  major 
and  minor,  teres  major,  latissimus  dorsi.  The  inner  fragment 
ascends  slightly,  as  the  result  of  the  action  of  the  sternomastoid. 
The  complications  are  injuries  to  the  brachial  plexus,  subclavian 
vessels,  pleura,  and  lung. 

The  treatment  which  gives  the  least  deformity  is  the  placing  of 
the  patient  upon  a  firm  mattress,  with  a  pad  between  the  scapulae, 
a  shot-bag  on  the  affected  shoulder,  and  the  arm  bound  to  the  chest 
with  upward  pressure  on  the  elbow.  Union  is  usually  firm  in  three 
or  four  weeks,  when  the  patient  may  be  allowed  to  get  up  with  the 
arm  in  a  sling.  But  patients  do  not  often  select  this  form  of  treat- 
ment.   In  an  incomplete  fracture  with  little  deformity  a  sling  for  the 
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forearm  is  all  that  is  needed.  Reduction  is  easy  to  accomplish  by 
carrying  the  shoulder  backwards,  outwards,  and  upwards,  but  in 
ambulatory  cases  is  very  difficult  to  maintain.  The  Sayre  dresang 
is  one  of  the  best  for  this  purpose.  Two  strips  of  adhesive  plaster 
three  or  four  inches  wide,  and  long  enough  to  extend  around  the  chest 
one  and  one-half  times,  are  prepared.  Lint  powdered  with  zinc 
stearate  is  placed  in  the  fold  of  the  elbow  and  between  the  arm  and 
the  chest.  A  collar  of  lint  as  wide  as  the  adhesive  strip  is  placed 
about  the  arm  just  below  the  axilla,  and  over  this  is  applied  the  end  of 
one  of  the  strips  of  plaster,  so  as  to  form  a  loop;  the  strip  is  now  used 
to  pull  the  arm  backwards,  and 
is  fastened  around  the  chest  (f  ig- 
192),  The  hand  of  the  affected 
side  is  placed  on  the  opposite 
shoulder,  and  the  second  strip  of 
plaster,  with  a  hole  for  the  point 
of  the  elbow,  is  run  from  the 
back  of  the  sound  shoulder. 
under  the  elbow  of  the  affected 
side,  over  the  sound  shoulder,  to 
the  back  (Fig.  193).  thus  drawing 
the  elbow  forwards  and  upwards, 
and,  with  the  aid  of  the  first  strip, 
which  acts  as  a  fulcrum,  forcing 
the  shoulder  backw^ards  and  out- 
wards, A  pad,  held  in  place  by 
a  strip  of  adhesive  plaster,  mij' 
35  of  the  neck  of  the  be  placed  just  above  the  clavicle 
necJr  ci  to  press  the  fragment  downwards- 
Rose  and  The  Velpeau  bandage  is  U^ 
quently  employed,  that  of  D^- 
sault  is  seldom  used  (see  bandaging).  A  posterior  figure-ot-8 
bandage,  pulling  the  shoulders  backwards,  may  be  combined  withal 
axillary  pad,  and  a  forearm  sling  which  pulls  the  elbow  inwards  and 
upwards.  The  fragments  may  be  wired  when  the  fracture  iscompound 
or  multiple,  or  when  there  is  great  deformity,  pressure  upon  ner\'esOt 
blood  vessels,  or  a  sharp  fragment  which  threatens  to  perforate  tb* 
skin.  The  prognosis  is  very  good  concerning  the  function  of  the  arD^' 
but  after  a  complete  fracture  between  the  rhomboid  ligament  on  tb* 
inside  and  the  coracoclavicular  ligament  on  the  outside,  deformity 
to  a  greater  or  lesser  degree  is  sure  to  persist. 

The  body  of  the  scapula  is  broken  by  direct  violence.    Th^ 


scapula.     A,  Through   the 

B.    through  the 

throUKh    the  Burj 
Carlcss.) 
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symptoms  are  swelling,  abnormal  mobility,  crepitus,  and  pain  upon 
ibduction  of  the  arm  or  rotation  of  the  scapula.  Deformity  is 
isually  absent.  The  treatment  is  immobilization  of  the  shoulder  and 
inn  by  a  bandage  passing  around  the  chest,  and  a  sling  for  the  fore- 
inn.  Strapping  the  chest  in  a  way  somewhat  similar  to  that  used 
or  the  ribs  also  is  useful. 

The  surgical  neck  of  the  scapula,  when  broken  (Fig.  194),  causes 
lattening  of  the  shoulder,  prominence  of  the  acromion,  lengthening 
rfthe  arm  (from  acromion  to  external  condyle),  a  swelling  in  the 
ixilla,  and  crepitus  on  rotating  or  raising  the  arm.  The  deformity 
s  reduced  by  pressing  upwards  on  the  elbow  and  on  the  axillary 
welling,  a  pad  placed  in  the  axilla,  and  a  Velpeau  bandage  applied, 
rhe  dressing  may  be  removed  in  five  weeks. 

The  anatomical  neck  of  the  scapula  or  the  glenoid  cavity  may  in 
•are  instances  be  broken,  resulting  in  slight  lengthening  of  the  arm 
ind  a  fullness  of  the  axilla.  Crepitus  may  be  obtained  by  pushing  up 
>n  the  elbow  or  by  rotating  the  arm.  The  treatment  is  that  for 
racture  of  the  surgical  neck. 

The  acromion  process  is  broken  by  direct  violence.  The  symp- 
om  are  pain,  loss  of  abduction  of  the  arm,  flattening  of  the  shoulder, 
md  abnormal  mobility  and  crepitus,  obtained  by  pushing  upwards 
m  the  elbow.  The  treatment  consists  in  pushing  the  elbow  upwards, 
ius  supporting  the  acromion  process  with  the  head  of  the  humerus, 
fbc  position  is  maintained  for  four  weeks  by  a  Velpeau  bandage  or 
ie  third  roller  of  Desault. 

The  coracoid  process  may  be  broken  by  direct  violence  or  muscu- 
ar  action,  but  the  accident  is  rare.  Deformity  is  not  noticed,  but 
Jepitus  and  abnormal  mobility  are  often  obtainable.  A  Velpeau 
^dage  should  be  worn  for  four  weeks. 

The  humerus  may  be  broken  through  the  upper  extremity,  the 
4aft,  or  the  lower  extremity. 

TheuppM  extremity  of  the  htmierus  may  be  broken  at  the 
^tomicalneck,at  the  surgical  neck,  or  through  the  head  of  the  bone 
^the  tuberosities,  or  the  upper  epiphysis  may  be  separated. 

The  anatomical  neck  of  the  humerus  is  broken  by  direct  violence 
*PpKed  to  the  shoulder,  particularly  in  the  aged.  The  line  of  fracture 
^y  be  wholly  within  the  capsule  of  the  joint  (intracapsular  frac- 
^e),  but  in  many  instances  it  extends  beyond  the  capsule.  Impac- 
tion is  frequent,  and  even  when  the  head  of  the  bone  is  movable  on 
4e  shaft  it,  as  a  rule,  still  remains  attached  to  the  capsule  at  some 
l*rt$,  so  that  necrosis  is  not  as  frequent  as  one  might  expect.  The 
f'^ptoms  are  pain,  swelling,  broadening  of  the  neck  of  the  bone, 
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interference  with  the  functions  of  the  shoulder,  slight  shortening 
of  the  arm  from  acromion  to  external  condyle,  and  in  unimpacted 
cases  abnormal  mobility  and  crepitus;  the  last  two  symptoms  art 


FiC,  193.— I.  Fracture-box.  2.  Double  inclmed  plane  fracture-bOK.  3.  Ji"-*"'' 
unfolded.  4.  Jaw-cup  (folded).  5.  Anterior  angular  splint.  6.  Internal  ingw" 
splint.  7.  Bond  splint.  B.  Shoulder-cap.  9.  Dupuytren  splint  in  Potfa  fraetar^ 
10.  Agnew  splint  for  fracture  of  the  metacarpus.  11.  Agnew  splint  for  fractote  of  "" 
patella.  11.  Agnew  splint  applied.  13.  Strapping  the  chest  in  fractured  ribi.  ,'*■ 
Eitension  apparatus  in  fracture  of  the  femur.  IS.  16.  Adhesive  strips  tor  eiteooW 
apparatus.      (DaCosta.) 


obtained  by  grasping  the  head  of  the  bone,  and  gently  rotating  tie 
humerus  by  manipulating  the  elbow  with  the  other  hand.  The» 
movements  should  never  be  violent,  because  of  the  danger  of  a^ 
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rating  an  impaction,  or  tearing  away  that  portion  of  the  capsule 
which  remains  attached  to  the  head. 

The  treatment  in  impacted  fracture  is  a  sling  for  the  limb,  gentle 
massage  from  the  beginning,  and  early  passive  motion.  In  other 
cases  a  pad  should  be  placed  in  the  axilla,  a  cap  of  cardboard  or  felt 
(Fig.  195)  molded  to  the  shoulder,  and  the  arm  and  forearm  (flexed 
to  a  right  angle)  bandaged  to  the  side.  Union  may  not  occur  for 
five  or  six  weeks  or  longer.  The  prognosis  is  good  as  far  as  union 
is  concerned,  but  stiffness  of  the  joint,  atrophy  of  the  muscles,  and 
persistent  pain  are  common  sequelae. 

The  surgical  neck  of  the  humerus  is  usually  broken  by  direct 
vblence,  occasionally  by  indirect  violence,  rarely  by  muscular 
action.  The  symptoms  are  pain  (which  may  be  reflected  along  the 
large  nerves  from  pressure),  abnormal  mobility,  crepitus,  shortening 
of  the  limb  (one  inch  or  more) ,  a  depression  just  below  the  shoulder 
and  abduction  of  the  elbow  from  the  side 
of  the  body.  The  upper  end  of  the  lower 
fragment  passes  into  the  axilla,  owing  to 
the  inward  traction  of  the  muscles  at- 
tached to  the  bicipital  groove  (pectoralis 
major,  teres  major,  latissimus  dorsi),  and 
the  upward  pull  of  the  deltoid,  biceps, 
coracobrachialis,  and  triceps;  the  upper     Pic.  '96.— -a. normal  shoulder; 

.  !        .  ^*   dislocation    of    shoulder;    C, 

fragment  may  be  abducted  by  the  sup-  fracture  of  surgical  neck  of 
raspmatus,  but  there  is  little  or  no  rotary  ^^'^«™«-  (R°»«  ^""^  Earless.) 
displacement,  because  the  subscapularis  in  front  and  the  teres  minor 
and  infraspinatus  behind  nearly  or  quite  balance  each  other;  if 
impaction  be  present  the  signs  are  obscure  and  the  diagnosis  difficult. 
The  deformity  resembles  that  of  dislocation  of  the  shoulder,  but  in 
the  former  the  depression  is  lower  (Fig.  196),  the  head  of  the  bone 
is  in  place,  and,  when  the  arm  is  rotated,  there  is  immobility  of  the 
head  with  crepitus.  The  complications  are  injuries  of  the  axillary 
vessels  or  nerves,  particularly  the  circumflex  nerve,  which  passes 
around  the  bone  at  or  near  the  line  of  fracture. 

The  treatment  may  require  only  that  of  fracture  of  the  ana- 
tomical neck.  The  triangular  axillary  splint  provides  a  position  of 
complete  muscular  relaxation  and  immobilizat'on  of  the  fragments. 
Reduction  is  accomplished  by  extension  counterextension,  and  manip- 
ulation. Extension  may  be  maintained  during  the  course  of  treat- 
ment by  attaching  a  weight  to  the  elbow;  also  The  Thomas  splint 
or  the  extension  and  suspension  apparatus  of  Blake  (Fig.  198). 
Gentle  passive  motions  are  begun  at  the  end  of  three  weeks.    The 
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prognosis  is  good,  hut  in  the  old  and  rheumatic  stiffness  and  pain 

are  frequent  legacies. 

The  head  of  the  humerus  may  be  broken  by  direct  \'iolence,  but 

the  accident  is  rare,  and  seldom  recognized  without  the  aid  of  the 

X-rays.     It  is  treated  by  immobilizing  the  shoulder. 

The  greater  tuberosity  may  be  broken  by  direct  violence,  or 
torn  from  the  humerus  by  contraction 
of  the  attached  muscles  (supra-  and  in- 
fraspinatus, teres  minor).  The  injury 
may  complicate  fracture  through  the 
neck  or  anterior  dislocation  of  the 
shoulder.  The  symptoms  are  pain, 
swelling,  crepitus,  and  loss  of  outwanl 
rotation  of  the  arm.  If  completdy  d^ 
tached,  the  fragment  is  drawn  upwards 
and  backwards  by  the  supra-  and  in- 
fraspinatus muscles.  The  treatment  is 
that  of  fracture  of  the  aQatomical  nect 
or,  if  there  is  much  separation,  indsion 
with  wiring  or  pegging  the  fragment  in 
place.  A  theoretically  correct  but  to- 
practicable  plan  is  to  place  "the  patient 
in  bed  and  hold  the  arm.  abducted  and 
rotated  outward  by  means  of  sandbBp. 
The  lesser  tubero^  is  said  to  liive 
been  fractured  but  three:  times. 

Separation  of  the  uppw  ep^dhjiis 

of  the    humerus    occurs    before  "the 

twentieth  year,  as  the  result  of  direct 

„  „, .        .    ,,  violence,  but  the  accident  is  not 

ric.  197. — skiagraph  nr  fracture  ,, 

of  the  humerus  above  the  insertion     COmmon.        The    SymptOmS    tCSetaDK 

Hosp^tli.f  ""*''"  <^^""''>''''^°'^  those  of  fracture  of  the  surgical  neck, 
except  that  the  crepitus  has  a  much 
softer  quality.  Displacement  is  often  slight  owing  to  the  presence 
of  an  untorn  periosteal  bridge.  The  treatment  is  that  of  fracture  of 
the  surgical  neck.  Reduction  is  sometimes  difficult,  owing  to  the 
conical  shape  of  the  upper  end  of  the  shaft  and  the  smallness  of 
the  upper  fragment,  but  is  of  the  greatest  importance,  because  of  the 
danger  of  arrest  of  growth  in  the  limb.  It  is  best  accomplished  by 
slight  rotation,  and  by  bringing  the  elbow  forwards  and  upwards,  a* 
the  untorn  periosteal  bridge  is  usually  situated  on  the  posterior 
surface  of  the  bone. 


The  shaft  of  tiie  humerus  is  frequently  broken,  usually  by  direct 
^ce,  but  also  by  indirect  force,  and  occasionally  by  muscular 
on.  The  symptoms  are  those  of  fracture  in  general.  The 
lacement  depends  on  the  situation  of  the  fracture.  When  the 
■  breaks  above  the  insertion  of  the  deltoid,  the  upper  fragment 
awn  inwards  by  the  muscles  attached  to  the  bicipital  groove 
toralis  major,  teres  major,  latissimus  dorsi),  the  tower  fragment 
irds  and  outwards  by  the  deltoid  (Fig.  197).  When  the  fracture 
low  the  insertion  of  the  deltoid,  the  usual  situation,  the  upper 


jS.- — Blake's  auspension  and  eTtension  dressing  applied  to  fraelure  of  the  arm. 
In  bed.      (American  Ambulance.) 

lent  is  drawn  outwards  by  the  deltoid,  and  supraspinatus, 
ird  by  the  coracobrachialis  and  anterior  portion  of  the  deltoid 
:  the  lower  passes  upwards  and  inwards  fFig.  198).  The  com- 
tions  are  injuries  to  the  brachial  vessels  and  the  nerves,  partic- 
y  the  musculospiral,  which  lies  close  to  the  bone;  non-union  is 
;  frequent  here  than  in  any  other  bone  in  the  body,  probably 
1%  to  the  method  of  treatment,  in  which,  as  the  result  of  im- 
xt  fixation  of  the  shoulder,  movements  at  the  seat  of  fracture 
lot  entirety  prevented. 

Tie  treatment  is  reduction  bj-  e-xtension  and  direct  pressure, 
trolooged    extention    is    necessarj-,    the   dressing    of    Blake, 
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Figs.  198-199  should  be  used.  The  triangular  axillary  ^1 
provides  the  best  method  of  immobilization  in  a  sling.  ' 
dressings  are  removed  in  five  or  six  weeks  if  the  fractutt 
firm. 

The  lower  eztremiQr  of  the  humerus  may  be  broken  above 
condyles  {supracondyloid  fracture) ,  above  and  between  the  com 
{T-  or  Y-  shaped  fracture) ,  or  through  either  condyle  or  epincom 
or  the  lower  epiphysis  may  be  separated. 


Pig.  199. — Blake's  ntspeosioD  and 
Out  ot  bed 


The  ezaminatioii  of  an  injured  elbow  should  be  made  witt 
greatest  care,  in  order  to  exclude  fracture  and  dislocation.  Ger 
anesthesia  is  often  necessary  in  fracture,  to  permit  diagnosis 
facilitate  reduction,  and  the  X-ray  should  be  used  in  all  doul 
cases.  The  injured  elbow  is  compared  with  that  of  the  opp( 
side  while  both  are  in  a  similar  position.  There  are  four  landm 
whose  position  must  be  determined  viz.,  the  two  condyles, 
cranon,  and  the  head  of  the  radius.  In  the  normal  exter 
elbow  the  tip  of  the  olecranon  is  a  trifle  below  the  intercond> 
line,  but  nearer  the  internal  than  the  external  condyle,  while 
three  points  are  in  a  plane  parallel  to  the  back  of  the  arm  when 
forearm  is  flexed  to  a  right  angle.     The  intercondyloid  line  is 
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idiculat  to  that  of  the  axis  of  the  arm.  The  head  of  the  radius  is 
aediately  below  the  outer  condyle,  at  the  bottom  of  a  dimple, 
ch  is  easily  seen  when  the  arm  is  extended.  Normally  the  axis 
he  supinated  and  extended  forearm  is  directed  away  from  the 


in  of  the  deltoid. 


y.  ionning  an  angle  of  about  15  degrees  with  that  of  the  arm 
!  lot).  Delations  from  this  angle  should  be  noted,  as  well  as 
lateral  motion  which  is  not  present  in  the  normal  elbow.  Meas- 
raents  may  be  made  from  the  tip  of  the  acromion  to  the  tip  of 


*-»i. — Outlines  of  upper  extremity 
*"  A.  nonnal  awrying  angle;  B. 
iMTUjuj;  C.  cubitus  valgus.  {Rose 
.Culess.) 

Sternal  condyle,  from  the  tip  of  the  external  condyle  to  the 
"^  process  of  the  radius,  and  from  the  tip  of  the  olecranon  to 
l^  of  the  styloid  process  of  the  ulna,  as  well  as  between  the  con- 
'  and  from  either  condyle,  to  the  olecranon. 
^qncondyloid  fracture  is  caused  by  a  fall  on  the  hand  when 
elbow  is  flexed,  or  by  direct  violence.     The  symptoms  are  pain, 
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swelling,  loss  of  function,  abnormal  mobility,  crepitus,  and  defoi 
The  lower  fragment  usually  passes  backwards  and  upwards, 
resembling  a  dislocation  of  both  bones  of  the  forearm  bad 
(Fig,  202),  In  dislocation  the  relation  of  the  olecranon  to  thi 
dyles  is  altered,  in  fracture  the  relations  are  normal;  in  disloi 
the  forearm  is  shortened,  in  fracture  the  arm  is  shortenec 
dislocation  the  lower  end  of  the  humerus  causes  a  smooth  proj'i 
at  or  below  the  crease  of  the  elbow;  in  fracture  the  upper  fra( 
presents  a  sharp  projection  above  the  crease.     In  dislocation  r 


Pro.  ao3. — PaBtetiing  figure-of-eight  cravat  over  folded  compression  on  opposite 
chest.     Elbow  region  open  to  inspection.     (Scudder.) 

tion  is  difficult  but  permanent,  in  fracture  reduction  is  eas} 
difficult  to  maintain;  there  is  no  crepitus  or  abnormal  mobil 
dislocation,  and  the  X-ray  will  show  the  bones  out  of  place 
complications  may  be  mentioned  injuries  to  the  brachial  arter 
median  nerve. 

The  treatment  is  the  application  of  an  anterior  angular 
(Fig.  19s),  and  a  posterior  molded  trough  to  the  back  of  the 
after  effecting  reduction  by  drawing  downwards  and  forwai 
the  forearm,  and  pressing  backwards  on  the  upper  fragmei 
Stromeyer  splint  is  hinged  and  provided  with  a  screw,  so  th 
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angle  may  be  changed  and  thus  some  passive  motion  secured  without 
removing  the  dressings.  The  Jones  position,  i.e.,  acute  flexion  of 
the  elbow,  is  maintained  by  tying  the  wrist  to  the  neck,  or  by  means 
of  a  broad  adhesive  strap  passed  around  the  arm  and  forearm,  which 
are  supported  by  a  figure-of-8  sling  (Fig.  203).  It  is  the  best  form 
of  treatment  for  all  fractures  about  the  elbow,  except  those  of  the 
olecranon  (separates  the  fragments),  T-fractures  of  the  lower  end 
of  the  humerus  (coronoid  wedges  fragments  apart),  fractures  with 
great  swelling  (shuts  off  circulation),  and  fractures  involving  the 
groove  of  the  ulnar  nerve  (nerve  slips  into  line  of  fracture).  The 
Jones  position,  indeed  any  kind  of  firm  compression,  should  not  be 
used,  however,  immediately  after  the  accident,  because  of  the  danger 
of  ischemic  myositis  (see  prophylaxis  of  ischemic  myositis,  chap. 
xxxi).  Acute  flexion  reduces  the  fragments,  and  holds  them  in 
place  between  the  coronoid  process  of  the  ulna  and  the  trochlear 
surface  of  the  olecranon  in  front,  and  the. triceps  posteriorly;  it 
preserves  the  carrying  function,  and  gives  a  useful  elbow  even  in  the 
presence  of  ankylosis;  one  must  make  sure  that  the  compression  at 
the  dbow  is  not  too  great  by  feeling  the  radial  pulse  at  the  wrist. 
Some  surgeons  treat  all  fractures  of  the  elbow  in  the  extended 
position,  by  means  of  a  long  splint  or  a  plaster  cast.  It  is  the  best 
position  for  those  cases  in  which  the  Jones  method  is  contraindicated. 
It  preserves  the  carrying  angle,  but  if  ankylosis  occurs  the  limb 
is  in  the  worst  possible  position.  The  right  angle  position  rarely 
holds  the  fragments  in  place,  but  if  ankylosis  occurs  the  arm  is  still 
useful.  Gentle  passive  motion  may  be  commenced  in  three  weeks, 
and  the  splint  removed  at  the  end  pf  the  fifth  week.  The  prognosis 
of  fractures  about  the  elbow  should  be  guarded,  and  the  danger 
of  limitation  of  motion  explained  to  the  patient.  In  most  instances, 
however,  a  useful  arm  is  obtained,  although  this  may  not  be  for 
a  number  of  months. 

Intercondyloid,  T-  or  Y-shaped  fracture,  is  a  supracondyloid 
fracture  with  a  fissure  extending  down  between  the  condyles  into  the 
joint.  It  is  caused  by  direct  violence.  There  are  widening  of  the 
elbow,  shortening  of  the  humerus,  and  the  usual  signs  of  fracture. 
The  treatment  is  complete  extension  on  a  straight  splint  for  three 
weeks,  at  which  time  passive  motions  should  be  commenced,  the 
limb  being  placed  on  an  internal  angular  splint  for  two  weeks 
longer. 

The  internal  epicondyle  may  be  broken  by  direct  violence,  forced 
abduction  of  the  extended  elbow,  or  muscular  action.  There  are 
crepitus  and  mobility.    Fracture  of  the  external  epicondyle  gives 


404  MANUAL. OF   SURGERY 

the  same  signs,  and  very  rarely  exists  without  other  injury.     The 
ireaiment  is  the  Jones  position. 

The  internal  condyle  of  the  humerus  is  broken  by  direct  violence 
the  line  of  fracture  running  into  the  joint.  The  symptoms  are  pain 
abnormal  mobility,  and  crepitus;  the  fragment  with  the  ulna  passes 
upwards,  thus  destroying  the  carrying  function  of  the  arm.  The 
treatment  is  the  Jones  position. 

The  external  condyle  may  be  broken  by  a  fall  on  the  hand,  or  by 
direct  force.  The  line  of  fracture  enters  the  joint  and  includes  the 
capitellum,  or  a  part  of  even  the  trochlear  surface.  The  displace- 
ment is  usually  slight,  but  pain  and  swelling  are  generally  marked. 
Crepitus  and  abnormal  mobility  are  detected  by  grasping  the  condyle 
or  by  rotating  the  radius.  The  treatment  is  the  Jones  position  or  an 
internal  angular  splint. 

Separation  of  tiie  lower  epiphysis  of  the  humerus  is  not  uncom- 
mon during  childhood,  at  which  time  the  entire  epiphysis,  consisting 
of  several  centers  of  ossification,  is  detached.  The  symptoms  are 
practically  identical  with  those  of  supracondyloid  fracture,  except 
that  the  crepitus  is  softer.  The  treatment  is  the  Jones  position.  The 
possibility  of  interference  with  growth  should  not  be  forgotten. 

The  uhia  may  be  broken  through  the  olecranon,  the  coronoid 
process,  the  shaft,  or  the  styloid  process. 

The  olecranon  is  usually  broken  by  direct  violence,  occasionally 
by  muscular  action.  The  symptoms  are  pain,  swelling,  abnormal 
mobility,  and  separation  of  the  fragments  owing  to  the  action  of  the 
triceps.  Crepitus  is  not  obtained  unless  the  fragments  are  approxi- 
mated. If  the  periosteum  or  ^  the  tendinous  fibers  of  the  triceps 
covering  the  .bone  are  untorn,  separation  may  be  unappreciabic 
even  on  flexion  of  the  forearm,  which  ordinarily  widens  to  a  large 
extent  the  breach  between  the  fragments.  The  complications  are 
injury  to  the  ulnar  nerve  and  forward  dislocation  of  the  bones  of  the 
forearm. 

The  treatment  is  the  application  of  a  straight  or  nearly  straight 
anterior  splint,  the  upper  fragment  being  pulled  into  position  by 
means  of  adhesive  strips.  When  union  has  become  firm  enough, 
possibly  at  the  end  of  three  weeks,  the  elbow  should  be  flexed  to  a 
right  angle,  and  placed  on  an  internal  angular  splint  for  one  or  two 
weeks  longer.  The  most  satisfactory  treatment  in  cases  in  which 
there  is  wide  separation  is  the  suturing  of  the  fragments  with  ab- 
sorbable materials  through  an  incision.  The  prognosis  should  be 
guarded.  Fibrous  union  often  occurs,  although  such  may  not 
interfere  with  the  usefulness  of  the  elbow. 
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The  conmoid  process  is  rarely  broken  alone.  The  fracture  may 
be  associated  with  backward  dislocation  of  the  bones  of  the  forearm 
in  which  case  reduction  is  associated  with  crepitus,  is  easily  made 
and  hard  to  maintain.  The  fragment  may  be  felt  above  its  normal 
position,  where  it  has  been  drawn  by  the  brachialis  anticus.  There 
may  be  inability  to  flex  the  elbow.  The  treatment  is  the  Jones 
position. 

The  shaft  of  the  ulna  is  broken  by  direct  violence.  The  symp- 
Urns  are  swelling,  localized  pain,  abnormal  mobility,  and  crepitus. 
There  is  little  or  no  shortening  unless  the  radius  is  broken,  but  the 
lower  forearm  is  thickened  owing  to  the  action  of  the  pronator  quad- 
ratus,  which  draws  the  lower  fragment  into  the  interosseous  space 
while  the  upper  fragment  is  drawn  slightly  forward  by  the  brachialis 
anticus. 

The  treatment  is  an  internal  angular  splint  of  wood  or  light 
moulded  plaster  gutter  which  immobilizes  the  elbow  and  places  the 
forearm  midway  between  pronation  and  supination,  in  which  position 
the  bones  are  farthest  apart  and  the  danger  of  their  union  by  callus 
is  least.  A  posterior  splint,  reaching  from  the  elbow  to  the  wrist 
also  may  be  applied,  while  pieces  of  rubber  tubing  may  be  strapped 
over  the  interosseous  space  on  each  side  of  the  forearm,  in  order  to 
widen  the  interval  between  the  bones.     Union  occurs  in  four  weeks. 

The  Styloid  process  is  broken  by  direct  violence,  and  is  frequently 
detached  in  CoUes'  fracture.  The  loose  fragment  may  be  detected 
near  the  wrist. 

The  treatment  is  a  Bond's  splint  (Fig.  195),  with  a  pad  over  the 
styloid  process. 

The  radius  may  be  broken  through  the  head,  neck,  shaft,  or 
lower  extremity. 

The  head  of  the  radius  is  seldom  broken  alone,  but  the  break  may 
complicate  dislocation  of  the  elbow  or  fracture  of  the  external  con- 
dyle. There  are  crepitus  and  immobility  of  the  head  when  the 
forearm  is  rotated.  The  treatment  is  the  Jones  position  or  an  anterior 
angular  spUnt.  If  the  head  escapes  into  the  joint  as  a  loose  body 
or  unites  with  deformity,  its  excision  may  be  called  for  to  restore 
the  movements  of  the  elbow. 

The  neck  of  the  radius  is  seldom  broken.  There  are  crepitus 
and  unmobility  of  the  head  on  rotation  of  the  forearm,  and  a  promi- 
nence in  front  of  the  elbow,  caused  by  the  lower  fragment,  which  is 
pulled  upwards  and  forwards  by  the  biceps.  The  forearm  is  pro- 
nated  and  voluntary  rotation  lost.  The  treatment  is  the  Jones 
position  or  an  anterior  angular  splint. 
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The  shaft  of  the  radius  is  usually  broken  by  direct  violence,  and 
and  occasionlly  by  a  fall  on  the  hand.  The  symptoms  are  loss  of  volun- 
tary rotation  in  the  forearm,  localized  pain,  and  immobility  of  the 
bead  and  upper  fragment  with  crepitus  upon  passive  rotation  of  the 
forearm.  The  displacement  varies  with  the  site  of  fracture.  When 
the  fracture  is  above  the  insertion  of  the  pronator  radii  teres,  the  upper 
fragment  is  flexed  and  supinated  by  the  biceps  and  supinator  brevis, 
while  the  lower  fragment  is  pulled  towards  the  ulna  and  pronated 
by  the  pronator  quadratus  and  the  pronator  radii  teres,  hence  the 
forearm  is  thickened  below  the  seat  of  fracture.  The  treatment  of 
these  cases  is  full  supination  of  the  forearm  on  an  anterior  angular 
splint,  in  order  to  bring  the  lower  fragment  in  contact  with  the  upper, 
which,  owing  to  its  situation  and  small  size,  is  not  under  control. 
Union  takes  place  in  three  or  four  weeks.  When  the  fracture  is 
below^the  insertion  of  the  pronator  radii  teres,  the  upper  fragment 
passes  inwards  and  forwards,  owing  to  the  action  of  the  biceps, 
supinator  brevis,  and  the  pronator  teres,  which  hold  it  also  between 
pronation  and  supination.  The  lower  fragment  passes  into  the 
interosseous  space  and  is  pronated  by  the  pronator  quadratus;  the 
supinator  longus  tilts  the  upper  end  inwards,  but  is  not  sufliciently 
powerful  to  overcome  the  pronation.  The  treatment  is  the  same  as 
that  for  fracture  of  the  shaft  of  the  ulna,  the  arm  being  placed  midway 
between  pronation  and  supination,  because  of  the  danger  of  union 
with  the  ulna  by  callus  formation.  The  dressings  may  be  removed 
in  four  weeks. 

The  lower  end  of  the  radius  is  broken  with  great  frequency. 
A  CoUes'  fracture  is  nearly  transverse,  and  is  situated  within  one 
inch  of  the  articular  surface  of  the  radius;  it  may,  however,  be 
oblique  laterally  or  anteroposteriorly.  A  Barton's  fracture  involves 
the  posterior  lip  of  the  lower  end  of  the  radius,  the  line  of  fracture 
entering  the  wrist  joint.  Colles'  fracture  is  most  frequent  in  old 
women,  but  may  occur  in  either  sex  at  any  age.  It  is  practically 
always  the  result  of  a  fall  upon  the  palm  of  the  extended  and  pronated 
hand.  Impaction,  fracture  of  the  lower  end  of  the  ulna  or  its  styloid 
process,  and  tearing  of  the  internal  lateral  ligament  with  subsequent 
dislocation  of  the  lower  end  of  the  ulna,  are  net  unusual  complications. 
As  a  rule  a  strip  of  periosteum  on  the  posterior  surface  remains 
untorn. 

The  symptoms  are  swelling,  localized  pain,  and  loss  of  function. 
Abnormal  mobility  and  crepitus  are  frequently  absent.  The  lower 
fragment  passes  upward  and  backward  as  the  result  of  the  direction 
of  the  violence,  producing  the  silver  fork  deformity  fFig.  204) ;  as 
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most  of  the  force  is  transmitted  through  the  ball  of  the  thumb, 
the  di^lacement  is  also  outward,  thus  causing  abduction  of  the 
knd  and  prominence  of  the  styloid  process  of  the  ulna,  which  is 
found  CD  a  level  with  or  lower  than  the  radial  styloid,  which  is  nor- 
mally the  lower  point.  The  lower  fragment  is  also  tilted,  because  the 
brunt  of  the  force  is  received  on  the  posterior  lip  of  the  articular  surf- 
ace, which  looks  downward  and  backward  instead  of  downward 
and  forward.  The  hand  is  pronated,  and  separated  from  the  fore- 
arm by  a  deep  depression  on  the  flexor  surface,  caused  by  the  back- 
ward displacement  of  the  lower  fragment  and  the  prominence  of  the 
lower  end  of  the  upper  fragment.  The  distance  between  the  styloid 
processes  is  lengthened  and  that  between  the  external  condyle  and  the 
radial  styloid  is  shortened.  In  rare  instances,  as  the  result  of  falls 
on  the  back  of  the  hand,  the  lower  fragment  is  displaced  forward 
instead  of  backward  (Fig.  205). 

The  Treatment. — Reduction  is  accomplished  by  hyperextension, 
to  free  the  fragments  and  relax  the  untorn  dorsal  periosteum,  and 


Pig.  204. — CoUes'  fracture  showing  Fig.  205. — Fracture  of  lower  end 

silver  fork  deformity.  of  radius  with  forward  displacement, 

showing  gardener's  spade  deformity. 

direct  pressure  on  the  lower  fragment,  to  force  it  in  place,  as  the 
^t  is  flexed  and  the  hand  adducted  (toward  the  ulna).  These 
fiiovements  may  be  quickly  performed  by  locking  the  fingers  be- 
*ieath  the  upper  fragment  and  using  the  thumbs  to  control  the 
lower  fragment.  Great  force  is  often  required  to  reduce  this  fracture, 
^d  unless  such  can  be  effected  quickly  and  at  the  first  attempt,  the 
patient  should  be  anesthetized.  Reduction  is  best  maintained  by 
Dicans  of  the  Bond  splint  (Fig.  195),  fully  padded  beneath  the  hollow 
^the  wrist,  so  that  when  placed  on  the  splint  the  hand  will  be  semi- 
flexed and  adducted.  The  fingers  are  not  bandaged.  The  dressings 
^e  changed  every  two  or  three  days,  and  while  the  fragments  are 
lidd  firmly  in  place  with  one  hand,  the  fingers  and  wrist  are  gently 
^oved,  at  even  the  second  dressing.  The  splint  may  be  permanently 
removed  in  three  weeks.  The  Levis  splint  (Fig.  206)  acts  on  the 
^e  principle  as  the  Bond  splint.  A  moulded  plaster  gutter  splint 
^  be  shaped  as  the  Levis  splint.  Roberts  uses  a  straight  pos- 
toior  ^Unt.    When  the  fragments  are  perfectly  reduced  and  im- 
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pacted  some  surgeons  do  not  use  splints  but  have  the  wrist  and 
forearm  carried  in  a  triangular  muslin  sling  supported^  from  the 
neck.  In  simple  CoUes'  fracture  in  the  young  and  healthy  the 
prognosis  is  good  both  regarding  contour  and  function,  but  if  there 
is  comminution  or  much  impaction,  some  deformity  will  result  no 
matter  what  treatment  is  employed,  while  in  cases  with  associated 
joint  injury,  or  in  the  old  and  rheumatic,  limitation  of  motion 
frequently  foUows  the  most  careful  treatment.     If  the  bone  has 


Fig.  io6, — The  Levis  splint. 


united   in  deformity  and   there  is  much  impairment  of  functio"' 
reduction  after  osteotomy  should  be  considered. 

Separation  of  the  lower  epiphysis  of  the  radius  may  occur  befo" 
the  twentieth  year,  the  epiphysis  passing  backward.  It  diffe^^ 
from  Colles'  fracture  in  that  the  dorsal  swelUng  is  less,  the  flexor  o 
diaphyseal  projection  is  greater,  lateral  deformity  is  rarely  preset 
and  crepitus  is  softer  and  more  easily  obtained.     The  treatment 


^ 


Fio.  a07. — Jones'  cock-up  splint. 


that  of  Colles'  fracture.     The  danger  of  interference  with  the  grow* 
of  the  radius  should  be  borne  in  mind. 

Fracture  of  both  bones  of  the  forearm  (Fig.  307a)  may  be  due  ^ 
direct  or  indirect  violence;  it  is  most  frequent  in  the  middle  ar3 
lower  thirds.  As  a  rule  the  upper  fragments  are  approximated  an 
pronated,  while  the  ends  of  the  lower  fragments  also  approach  eaC 
other  and  may  be  found  in  front  of  or  behind  the  upper  fragment; 
hence  the  forearm  is  narrowed  from  ^de  to  side  and  thickene< 
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loteroposteriorly.  There  are  also  shortening,  crepitus,  preternatu- 
ral mobiKty,  pain,  swelling,  and  loss  of  active  rotation. 

The  treatment  of  fractures  below  the  insertion  of  the  pronator  teres 
is  the  same  as  that  for  fracture  of  the  shaft  of  the  ulna,  the  forearm 
being  placed  midway  between  pronation  and  supination,  and  the 
interosseous  space  preserved  by  means  of  pads.  In  fractures  above 
this  point  the  forearm  should  be  put  on  an  anterior  angular  spb'nt, 
in  full  supination.  If  there  is  a  persistent  tendency  to  ulnar  bowing 
of  the  forearm,  i.e.,  convex  toward  the  ulnar  side,  the  elbow  may  be 
citended  and  a  long  straight  splint  or  a  plaster  cast  applied.  Union 
is  usually  firm  in  four  weeks. 

The  caipalbones  are  seldom  broken,  except  in  crushes  in  which 
the  fracture  is  compound  and  associated  with  injuries  to  neighboring 
bones.  Until  the  advent  of  the 
X-ray  simple  fractures  of  the 
caipal  bones  were  usually 
treated  as  sprain,  weak  wrist, 
rheumatism,  etc.  Although 
any  of  the  carpal  bones  may  be 
involved  in  a  simple  fracture, 
the  scaphoid  is  the  one  most 
frequently  broken,  often  being 
*ssodated  with  anterior  disloca- 
tion of  the  semilunar  bone;  the 
proiiinal  fragment  passes  for- 
ward with  the  semilunar. 
There  is  a   "history  of  a  fall  on     ''"^-  307a.— Fracture  of  both  bones  of   th« 

the  extended  hand;    localized 

Celling  of  the  radial  half  of  the  wrist  joint;  acute  tenderness  in  the 
Watomical  snuff-box  when  the  hand  is  adducted ;  limitation  of  exten- 
*>n  by  muscular  spasm,  the  overcoming  of  which  by  force  causes 
"nbearable  pain.  The  possibility  of  the  existence  of  a  bipartite 
Uphold  should  be  considered  in  interpreting  X-rays  of  simple  frac- 
t'lfcof  the  scaphoid"  (Codman  and  Chase).  Crepitus  may  be  ob- 
'sined  in  some  instances  of  simple  fracture  of  the  carpus.  The 
^tiUment  in  compound  fractures  is  disinfection  and  the  application 
"*  a  straight  palmar  splint,  or  jwssibly  resection  of  bone  or  amputa- 
***-  In  ^mple  fractures  deformity,  if  present,  should  be  reduced 
by  traction  and  direct  pressure,  and  the  wrist  immobilized  for  three 
"ffour  weeks  by  a  palmar  or  dorsal  splint.  If  pain  and  stiffness 
P'niat  after  fracture  of  the  scaphoid,  excision  of  the  bone  through  a 
^°n&l  incisioQ  may  give  reUef . 
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The  metacarpal  bones  may  be  broken  by  direct  or  indirect  force. 
Benneifs  fracture  is  a  fracture  of  the  proximal  end  of  the  metacarpal 
bone  of  the  thumb  involving  the  articular  surface.  The  symptoms 
are  pain,  swelling,  crepitus,  abnormal  mobility,  posterior  angular 
deformity,  and  flattening  of  the  knuckle  of  the  affected  bone.  The 
treatment  is  reduction  by  traction  and  direct  pressure,  and  the  appli- 
cation of  a  straight  palmar  splint,  well  padded  to  fill  up  the  hollow 
of  the  palm.  It  may  be  necessary  to  apply  a  dorsal  pad  over  the 
deformity,  and  permanent  extension  to  the  finger  by  adhesive  strips 
passing  to  the  end  of  the  splint.  The  dressing  should  be  worn  for 
three  weeks. 

The  phalanges  are  generally  broken  by  direct  violence,  which 
frequently  renders  the  fracture  compound.  The  symptoms  are 
pain,  swelling,  mobility,  crepitus,  loss  of  function,  and  little  or  no 
deformity.  The  treatment  is  the  application  of  a  molded  splint  of 
cardboard  or  a  straight  wooden  splint,  which  in  fracture  of  the 
proximal  phalanx  should  extend  into  the  palm.  In  some  cases  it 
may  be  desirable  to  bandage  adjacent  fingers  together  on  a  splint, 
so  as  to  provide  lateral  support.  The  splint  may  be  discarded  in 
three  weeks. 

Fractures  of  the  pelvis  are  due  to  direct  violence,  as  in  a  crushing 
accident,  or  to  violence  transmitted  through  the  vertebral  column  or 
the  femora. 

Fractures  of  the  false  pelvis,  i.e.,  of  the  spines,  crests,  or  ala  of  the 
ilia,  are  not  in  themselves  serious,  as  displacement  is  slight.  The 
complications  may,  however,  be  highly  dangerous;  they  are  more 
often  associated  with  comminuted  fractures,  and  involve  the  abdo- 
minal viscera.  The  symptoms  are  pain,  swelling,  ecch3miosb, 
mobility,  crepitus,  and  but  little  or  no  deformity.  The  treatment 
is  rest  in  bed,  with  the  shoulders  elevated  and  the  thighs  flexed 
to  relax  the  muscles,  and  the  application  of  a  broad  flannel  binder 
around  the  pelvis.  Rupture  of  the  bowel  will  require  laparotomy. 
Union  occurs  in  four  or  five  weeks. 

Fractures-  of  the  true  pelvis  are  always  serious  because  of  the 
danger  of  complications,  such  as  rupture  of  the  bladder,  urethra, 
or  injury  to  the  bowel,  uterus,  or  vagina.  The  fracture  usually 
extends  into  the  obturator  foramen,  either  through  the  horizontal 
ramus  of  the  pubes  or  the  ascending  ramus  of  the  ischium. 
It  may  be  associated  with  fracture  through  the  opposite  sacroiliac 
joint,  or  there  may  be  many  lines  of  fracture  in  different 
parts  of  the  pelvic  ring.  The  symptoms  are  shock,  pelvic  pain, 
especially  on  coughing,    straining,  or   moving  the  legs,  swelling, 
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ecchymosis,  inability  to  sit  or  stand,  and  rarely  deformity. 
Mobility  and  crepitus  may  be  obtained  by  grasping  the  pelvis  on 
ead  side  and  making  alternate  pressure  or  by  inserting  the  finger 
into  the  vagina  or  rectum  while  one  side  of  the  pelvis  is  moved  on 
the  other.  It  should  be  remembered  that  rough  manipulations  may 
drive  sharp  fragments  into  the  viscera.  Bleeding  from  the  urethra, 
vagina,  or  rectum  should  be  most  carefully  investigated. 

rhe  treatment  is  first  to  react  the  patient  from  shock,  and  care- 
fully exclude  visceral  injuries,  which  if  present,  are  to  be  repaired 
as  described  under  their  respective  headings.  The  fragments  are 
reduced  by  external  manipulation,  or  by  combined  external  and 
internal  manipulation,  and  the  patient  placed  on  a  firm  bed  or  a  Brad- 
ford frame,  with  a  broad  binder  encircling  the  pelvis.  In  some  frac- 
tares  of  the  pubic  bone  wiring  may  be  indicated.  Union  occurs  in 
about  six  weeks,  but  the  patient  should  be  kept  in  bed  several  weeks 
'onger,  then  allowed  to  get  about  with  a  firm  binder  and  crutches. 

Fracture  of  the  acetabulum  may  complicate  dorsal  dislocation  of 

^e  femur,  the  posterior  lip  giving  way;  or  the  head  of  the  femur,  in 

f^Us  on  the  trochanter,  may  fissure  the  acetabulum,  or  even  perforate 

*t  and  enter  the  pelvis,  in  which  case  the  viscera  may  be  damaged. 

In  fracture  of  the  posterior  lip  the  head  of  the  femur  is  easily  reduced, 

^ith  crepitus,  but  the  deformity  shows  a  strong  tendency  to  recur. 

*VTien  the  head  of  the  bone  has  been  driven  into  the  pelvic  cavity 

^  fracture  of  the  neck  of  the  femur  may  be  simulated,  but  there  is 

'^ss  mobility,  and  greater  flattening  of  the  trochanter,  and  the  head 

^f  the  bone  may  be  palpated  through  the  rectum.     The  treatment 

^  reduction  by  traction  and  external  manipulation,  and  the  applica- 

^on  of  permanent  extension   as  in   fracture  of  the  neck  of  the 

^emur- 

The  sacrum  is  broken  by  direct  violence.     Comminution  may  be 

present,  and  injury  to  the  sacral  plexus  is  frequent,  perhaps  causing 

Paralysis  of  the  bladder  and  rectum.    In  a  transverse  fracture  the 

lower  fragment  generally  passes  forwards,  and  may  press  upon  or 

tear  the  rectum.    Mobility  and  crepitus  may  be  detected  by  placing 

one  finger  in  the  rectum  and  making  external  pressure.     The  treatment 

^  reduction  by  pressure  within  the  rectum,  and  the  application  of  a 

pelvic  binder,  with  a  large  pad  over  the  upper  part  of  the  sacrum,  so 

^t  external  pressure  will  not  be  made  on  the  lower  fragment. 

Laceration  of  the  rectum  may  require  suture.    In  the  presence  of 

Uijury  to  the  sacral  plexus  elevation  and  fixation  of  the  depressed 

^^^ments  through  an  external  incision  will  be  indicated.    In  these 

^^**s  great  care  must  be  taken  lest  bed  sores  develop  or  lest  infection 


412  MANUAL   OF   SURGERY 

of  the  bladder  from  catheterization  result.    The  bone  unites  in  four 
or  five  weeks. 

The  coccyx  is  normally  mobile,  but  it  may  be  broken  by  a  fall  or  a 
kick.  The  symptoms  are  pain,  more  marked  on  walking,  coughing, 
and  defecation;  mobility;  crepitus;  and  perhaps  turning  in  of  the 
fragment,  appreciable  on  rectal  examination.  The  treatment  is  rest 
in  bed  for  four  weeks;  the  bone  cannot  be  splinted.  Coccygodynia 
is  a  severe  form  of  neuralgia  following  injuries  to  the  coccyx.  It  may 
be  due  to  non-union  or  vicious  union,  but  occasionally  occurs  in 
cases  in  which  there  has  been  no  fracture.  The  pain  is  similar  to 
that  occurring  in  fracture,  and  may  be  so  harassing  as  to  induce 
neurasthenia.  If  relief  cannot  be  obtained  by  medical  treatment,  the 
coccyx  may  be  excised  through  a  straight  incision  in  the  middle  line, 
care  being  taken  not  to  injure  the  rectum. 

Fractures  of  the  upper  extrexnity  of  the  femur  include  intra-and 
extracapsular  fractures  of  the  neck,  fractures  of  the  great  trochanter, 
fractures  of  the  lesser  trochanter,  and  separation  of  the  upper 
epiphysis. 

Intracapsular  fracture  of  the  neck  of  the  femur  is  most  frequent 
in  elderly  women,  although  it  may  occur  in  either  sex  or  at  any  age. 
In  old  age  the  neck  of  the  bone  is  more  horizontal,  and  the  bony 
tissue  is  atrophied  and  infiltrated  with  fat,  hence  slight  indirect 
force,  such  as  catching  the  toe  in  a  piece  of  carpet,  or  suddenly 
throwing  the  weight  of  the  body  upon  the  lower  extremity,  is  a 
frequent  cause  of  this  accident  in  the  elderly.  Impaction  is  unusual, 
and  although  some  of  the  reflected  fibers  of  the  capsule  or  a  p>ortion 
of  the  periosteum  may  remain  untorn,  the  head  of  the  bone,  as  a 
rule,  is  entirely  separated  except  for  its  attachment  to  the  acetabulum 
by  the  ligamentum  teres,  through  which  it. receives  sufficient  blood 
to  maintain  its  vitality.  Hence  non-union  or  at  best  fibrous  union  is 
a  frequent  occurrence,  particularly  in  the  aged  and  debilitated. 

The  symptoms  are  pain,  little  or  no  swelling  and  ecchymosis 
(unless  the  patient  has  fallen  on  the  trochanter  after  the  neck  has 
broken),  loss  of  function,  helpless  eversion  (the  limb  lying  on  its  outer 
side  as  the  result  of  gravity  and  the  action  of  the  external  rotators; 
inversion  is  possible  but  very  rare),  crepitus  if  there  is  no  impaction, 
lessened  arc  of  rotation  of  the  great  trochanter  (the  radius  extending 
to  the  line  of  fracture  instead  of  to  the  acetabulum),  inward  dis- 
placement of  the  great  trochanter  (found  by  measuring  the  distance 
between  the  median  line  of  the  body  and  the  outer  surface  of  each 
trochanter),  and  slight  shortening  (one-half  to  one  inch),  which  in  a 
few  days  may  increase  to  two  or  more  inches,  owing  to  muscular 
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^)asm,  unlocking  of  impacted  fragments,  or  laceration  of  untorn 
periosteal  or  fibrous  tissue.  Shortening  may  be  determined  by  one 
of  the  following  methods:  i.  The  limbs  may  be  measured  from  the 
anterior  superior  spine  of  the  ilium  to  the  internal  malleolus.  The 
patient  should  be  perfectly  flat  and  straight  upon  a  firm  bed,  so  that 
a  straight  line  drawn  from  the  episternal  notch  to  midway  between 
the  internal  malleoli  will  intersect  the  umbilicus,  the  symphysis 
pubis,  and  the  midpoint  between  the  knees,  and  a  line  passing  through 
eadi  anterior  superior  spine  of  the  ilium  will  be  perpendicular 
to  the  axis  of  the  body.  The  tip  of  the  anterior  superior  spine  and 
the  tip  of  the  internal  malleolus  are  marked  with  a  pencil,  and  in 
measuring  the  skin  is  not  pressed  upon  lest  it  become  displaced.  A 
difference  of  a  quater  of  an  inch  is  not  unusual  normally,  and  excep- 
tionally it  may  be  even  much  greater,  so  that  in  case  of  doubt  the 
tibiae  may  be  measured  to  determine 
the  presence  or  absence  of  symmetry. 
Normally  a  straight  line  from  the 
anterior  superior  spine  to  the  tip  of  the 
malleolus  passes  through  the  center  of 
the  patella.  2.  Nelatons^s  line  is  one 
passing  from  the  anterior  superior 
^eof  the  ilium  to  the  most  prominent 
part  of  the  tuberosity  of  the  ischium. 
Normally  when  the  lower  limb  lies  in 
the  axis  of  the  body,  midway  between       „         „     *  t^    xt^w    .    r 

•^ '  .  -^  Pic.  208. — AD.    N61aton's    line; 

internal  and  external  rotation,  the  top  abc.  Bryant's  triangle;  BC.  test- 

Ofthe  trochanter  touches  the  middle   Imete^racture  or  shortening  of  neck 

of  this  line;  in  fracture  it  passes  above 

the  line.  3.  Bryant's  triangle  (Fig.  208)  consists  of  a  line  from  the 
anterior  superior  spine  to  the  top  of  the  trochanter,  and  another  from 
Ae  anterior  superior  spine,  drawn  downward  perpendicularly  to 
the  axis  of  the  body,  to  meet  at  a  right  angle  one  drawn  upward 
from  the  trochanter.  Shortening  of  the  last  line  as  compared  with 
the  opposite  side  of  the  body  shows  the  amount  of  shortening  of  the 
limb.  4.  Relaxation  of  the  fascia  lata,  as  determined  by  pressure 
^ve  the  great  trochanter,  also  indicates  shortening  of  the  femur. 
In  children,  in  whom  this  fracture  is  more  common  than  was  once 
supposed,  there  is  usually  the  history  of  a  severe  fall  rather  than  a 
trivial  twist,  and  the  fracture  is  often  impacted  or  of  the  green-stick 
variety,  so  that  the  disability  may  be  slight  and  the  bony  injury 
readily  overlooked.  Later,  however,  owing  to  the  lack  of  proper 
treatment,  the  neck  bends  (coxa  vara)  and  a  permanent  limp  is 
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produced,  which,  with  the  slight  pain  and  limitation  of  motion,  may 
be  mistaken  for  hip  disease.  The  symptoms  of  fracture  of  the  femoral 
neck  in  children  are  slight  eversion,  limitation  of  abduction,  and 
shortening;  crepitus  and  abnormal  mobility  are  usually  absent. 
The  diagnosis  is  confirmed  by  the  X-ray.  The  complications  in  the 
old  are  mainly  due  to  confinement  to  bed,  e.g.,  bed  sores  and  hypo- 
static pneumonia.  Non-union,  fibrous  union,  atrophy  and  absorp- 
tion of  the  head,  in  the  old,  and  coxa  vara  in  the  young,  are  among 
the  sequelae. 

The  treatment  is  seldom  satisfactory.    Aged  patients  rarely 
tolerate  confinement  to  bed  for  the  necessary  length  of  time  to 
obtain  union,  and,  should  there  be  evidences  of  impairment  of  ^e 
general  health,  the  patient  should  be  allowed  to  sit  up  and  leave  the  ^ 
bed  at  the  earliest  possible  date,  making  no  attempt  to  fix  the  fracture. 
The  usual  method  of  treatment  is  by  Buck's  extension  apparatus j 
with   sand  bags  for  lateral  support.     The  patient  is  placed  on  a 
firm  mattress,  which  is  kept  flat  by  boards  placed  between  it  and  the 
frame  of  the  bed.     Impaction  should  never  be  broken  up,  except 
possibly  in  the  young,  hence  one  should  never  try  to  obtain  crepitus 
and  mobility,  and  should  be  careful  in  moving  the  patient.    A  hairy 
leg  should  be  shaved,  and  the  foot  and  ankle  bandaged.    A  strip  of 
adhesive  plaster,  about  two  inches  wide,  and  long  enough  to  run 
from  the  seat  of  the  fracture  to  below  the  sole  of  the  foot  and  back 
again,  is  prepared  by  fastening  to  its  center  a  piece  of  board,  with  a 
hole  in  the  middle,  and  a  little  longer  than  the  width  of  the  foot 
(Fig.  1 9s) .     The  plaster  is  applied  to  the  sides  of  the  lower  extremity 
up  to  the  seat  of  the  fracture,  and  the  bandage  continued  over  the 
plaster.    A  piece  of  rope  is  knotted,  then  passed  through  the  open- 
ing in  the  board  and  over  a  pulley  at  the  end  of  the  bed  (Fig.  195) 
To  this  should  be  attached  a  weight  of  five  pounds  ( a  brick  weighs 
about  five  pounds),  unless  there  is  great  shortening  and  no  impaction, 
in  which  case  the  weight  should  be  sufficient  to  restore  the  normal 
length  of  the  limb.     The  foot  of  the  bed  is  raised  five  or  six  inches 
to  obtain  counterextension  by  the  weight  of  the  body.     The  limb  is 
slightly  abducted,  rotated  inward  to  correspond  with  the  other  limb, 
and  supported  from  the  sides  by  sand  bags,  the  outer  reaching  from 
the  chest  to  below  the  foot,  and  the  inner  from  the  perineum  to 
below  the  foot.    A  pad  is  placed  beneath  the  popliteal  space,  and  a 
bird's  nest  of  cotton  beneath  the  heel  to  relieve  pressure.    A  cradle 
(Fig.  209)  may  be  placed  over  the  leg  to  support  the  bed  clothing. 
The  patient  should  be  kept  in  bed  six  or  eight  weeks,  and  should 
bear  very  little  weight  on  the  extremity  for  three  months  from  the 
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time  of  injury,  indeed  crutches,  or  at  least  a  cane,  are  usually  neces- 
sary for  many  months,  if  not  permanently. 

Senn  encases  the  pelvis  and  the  lower  extremity  in  plaster-of- 
Paris  leaving  an  opening  over  the  great  trochanter,  upon  which 
lateral  pressure  is  made  by  means  of  a  screw  apparatus  which  has 
been  incorporated  in  the  plaster. 

The  Thomas  hip  splint  (Fig.  247)  immobilizes  the  fracture  by 
fixing  the  pelvis  and  the  thigh,  and  allows  the  patient  to  be  moved 
about  without  danger  of  disturbing  the  fragments.  The  splint 
is  of  iron,  with  bands  encircling  the  chest,  thigh,  and  calf.  The 
method  is  an  excellent  one  if  the  splint  is  at  hand  and  the  practi- 
tioner possesses  the  requisite  skill  to  adjust  it.  Whitman  advises 
the  breaking  up  of  impaction  under  anesthesia,  and  fixation  of  the 
limb  at  the  limit  of  normal  abduction,  by  means  of  a  plaster-of-Paris 
spica.  He  believes  this  treatment  is  applicable  to  all  cases.  If 
non-union  occurs  in  young  and  healthy  adults,  the  fragments  may 
be  fixed  by  driving  a  nail,  screw,  or  bone  peg  through  the  trochanter 
into  the  head  of  the  femur,  after  exposing  these 
parts  by  incision.  The  prognosis  is  bad  in  the 
old.  Death  may  occur  from  shock,  exhaustion, 
or  from  pneumonia  or  other  visceral  disease. 
Complete  recovery  is  rare,  there  usually  being 
pain,  weakness,  and  limping.  In  cases  of  non- 
union  not  suitable  for  operation,  some  relief  may  P'c-  209.— Cradle. 
be  obtained  by  means  of  a  hip  support. 

The  so-called  extracapsular  fracture  of  the  neck  of  the  femur  is  in 
reality  only  'extracapsular  posteriorally,  the  line  of  fracture  anterior- 
ally  being  covered  by  the  capsule.  The  cause  is  direct  violence  to  the 
trochanter  as  a  fall  on  the  hip,  hence  impaction  is  common;  if. the  vio- 
lence be  greater  the  trochanter  is  involved,  sometimes  with  extensive 
comminution.  The  symptoms  are  much  the  same  as  those  of  intra- 
capsular fracture,  except  that  in  the  former  there  is  greater  pain 
swelling,  ecchymosis,  and  primary  shortening,  and  later  more 
thickening  as  the  result  of  callus  formation.  The  treatment  is  the  same 
as  that  of  intracapsular  fracture.  The  prognosis  is  very  much  more 
favorable  than  in  intracapsular  fracture;  bony  union  is  the  rule, 
although  some  shortening  is  inevitable. 

Fracture  of  the  great  trochanter  is  the  result  of  direct  violence, 
the  line  of  fracture  running  through  the  base  of  the  trochanter  to  the 
lower  part  of  the  neck  of  the  bone.  The  symptoms  are  very  simi- 
lar to  those  of  extracapsular  fracture.  The  lower  fragment  with  the 
lesser  trochanter  passes  upward  and  backward   toward  the  sciatic 
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notch,  and  may  be  palpated  posteriorly.     The  treatment  is  that  of 
extracapsular  fracture. 

Separation  of  the  great  trochanter  without  fracture  of  the  shaft 
is  very  rare,  and  in  youth  is  due  to  separation  of  the  epiphysis  of  the 
great  trochanter.  The  cause  is  direct  violence.  The  symptoms  are 
mobility  of  the  trochanter  and  crepitus.  The  length  of  the  limb  and 
the  motions  of  the  hip  joint  are  not  affected.  The  treatment/)! 
there  is  little  or  no  displacement,  is  that  of  fracture  of  the  neck. 
If  the  fragment  is  pulled  upward  and  backward  away  from  the 
shaft,  the  thigh  may  be  flexed  and  rotated  externally,  while  adhesive 
straps  are  applied  to  pull  the  trochanter  downward.  Far  better 
in  such  a  case  is  fixation  by  screws,  or  bone  pegs,  through  an  open 
incision. 

Fracture  of  the  lesser  trochanter  may  occur  in  the  young.  Eight 
cases  have  been  reported,  one  from  direct  violence,  and  the  rest 
from  avulsion  the  result  of  contraction  of  the  psoas  when  the  thighs 
were  spread  apart.  The  symptoms  are  external  rotation  of  the  thigh, 
pain  and  tenderness  two  or  three  inches  below  the  groin  in  Scarpa'^ 
triangle,  and  ecchymosis  along  the  inner  surface  of  the  thigh. 
Crepitus  and  abnormal  mobility  cannot  be  elicited,  owing  to  the 
depth  of  the  injury,  and  there  is  no  shortening  or  deformity.  The 
patient  is  able  to  raise  the  heel  from  the  bed  when  lying  down  (as 
this  is  done  by  the  rectus  and  the  muscles  on  the  anterior  surface 
of  the  thigh) ,  but  not  when  sitting,  as  the  rectus  is  then  relaxed  and 
the  psoas  must  do  the  lifting  {Ludlof^s  sign).  This  sign  differenti- 
ates this  injury  from  a  fracture  of  the  femoral  neck,  in  which  the  leg 
cannot  be  raised  when  the  patient  is  lying  down.  The  diagnosis 
is  confirmed  by  the  X-ray.  The  treatment  is  fixation  of  the  thigh  in 
flexion  jjnd  internal  rotation,  in  order  to  relax  the  psoas. 

Separation  of  the  epiphysis  of  the  head  of  the  femur  is  uncommon, 
but  may  occur  in  early  life.  Growth  of  the  limb  may  be  impaired,  or 
coxa  vara  may  result.  The  symptoms  are  those  of  intracapsular 
fracture,  although  less  marked  and  accompanied  by  soft  crepitus. 
The  treatment  is  that  of  intracapsular  fracture. 

The  diagnosis  of  injuries  about  the  hq)  should  be  made  only 
after  a  comparative  examination  of  both  sides.  The  tape  measure 
and  the  X-Tay  are  the  greatest  aids.  In  contusion  or  sprain  men- 
suration will  reveal  neither  shortening  of  the  limb  nor  flattening  of 
the  hip,  although  individual  variations  from  the  ndrmal  should  be 
remembered.  It  should  be  recalled,  however,  that  shortening  may 
sometimes  occur  late  after  contusion,  owing  to  atrophy  and  absorp- 
tion of  the  head  of  the  bone.     Crepitus  with  shortening  may  be 
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in  chronic  osteoarthritis  of  the  hip,  but  they  antedate  the 
mt  and  are  probably  associated  with  similiar  changes  in  other 
.;  moreover,  the  trochanter  is  more  often  prominent  than 
ttcd,  and  there  is  no  relaxation  of  the  fascia  lata.  An  impacted 
ire  gives  no  crepitus,  and  presents  a  large  arc  of  rotation  of 
Teat  trochanter,  but  is  accompanied  by  shortening  which  is 
affected  by  extension.  Dislocation  occurs  in  young  adults, 
■  as  the  result  of  direct  violence,  but  always  from  force  applied 
le  knee,  foot,  or  back  when  the  thigh  is  flexed;  there  is  no 
ttts  and  the  head  of  the  bone  may  be  felt  in  its  new  position, 
orsal  dislocation  the  limb  is  adducted  and  inverted,  while  in 
ird  dislocation  there  is  abduction  and  outward  rotation;  in  the 
rator  variety  of  the  latter  there  is  lengthening  of  the  limb. 
tactures  of  the  shaft  of  the  femur  are  most  frequent  in  the  middle 
I.  Fracture  of  the  upper  third  is  uncommon  and  usually  due  to 
"ect  violence.  Fracture  of  the  lower  third  is  usually  due  to 
:t  \'iolence.     The  middle  of  the  bone  may  be  broken  in  either 


and  occasionally  from  muscular  action.  The  fractures  are 
rally  oblique  and  displacement  is  the  rule,  hence  injury  to  the 
parts  is  of  frequent  occurrence,  and  occasionally  the  vessels  or 
es  are  lacerated. 

lie  symptoms  are  pain,  swelling,  muscular  spasm,  abnormal 
lity,  crepitus,  deformity,  and  shortening.  In  the  upper  third 
ipper  fragment  is  pulled  forward  by  the  iliopsoas,  and  drawn 
ard  and  rotated  externally  by  the  external  rotators;  the  lower 
lent  is  pulled  upward  by  the  flexors  and  extensors  of  the  leg, 
■d  by  the  adductor  muscles,  and  rolled  outward  by  the  weight 
;  limb.  In  the  middle  third  the  displacement  is  much  the  same, 
ugh  here  any  variety  of  deformity  may  be  produced,  according 
e  form  and  the  direction  of  the  violence.  In  the  lower  third 
^trocnemius  draws  the  lower  fragment  backward,  and  thus 
igers  the  popliteal  vessels. 

he  treatmuit  of  fractures  of  the  upper  third  is  flexion  of  the  thigh, 
Lce  the  extremity  in  the  position  of  muscular  relaxation,  and 
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traction  to  reduce  the  deformity,  this  position  is  best  obtained 
in  the  suspension  and  extension  dressing  of  Blake  (Fig.  2ii) 
with  extension  in  the  axis  of  the  thigh.  Tte  principle  of  the 
double-inclined  plane  is  utilized  also  in  the  Mclntyre  splint,  the 
Nathan  R.  Smith  anterior  splint,  and  the  Hodgen  splint.  The 
Nathan  R.  Smith  spUnt  is  made  of  strong  wire,  bent  to  the  de- 
sired shape;  it  is  applied  to  the  anterior  surface  of  the  limb  and 
suspended  by  cord  and  pulley.  The  Hodgen  splint  consists  of  tvo 
long  pieces  of  wire  joined  at  the  distal  extremity  and  reinforced  mt  the 
middle  and  upper  end  by  cross  pieces.  The  limb  rests  in  a  taoogb 
of  flannel  or  towels  attached  to  the  frame.    A  Buck's 


applied  and  attached  to  the  foot  piece,  and  further  extennon  made 
by  suspending  the  limb  by  cords,  passing  obliquely  upward  to 
a  vertical  post  at  the  foot  of  the  bed.  The  application  of  a  , 
Buck's  extension  to  the  thigh  below  the  fracture  or  by  skeletal  trac- 
tion to  the  Icwer  fragments  are  recent  modifications  of  the  original 
Hodgen  method  and  supplant  the  indirect  traction  upon  the  leg.  All 
forms  of  treatment,  however,  are  unsatisfactory,  and  if  the  displace- 
ment is  marked  and  the  patient  young  and  healthy,  operative 
fixation  should  be  considered.  In  fractures  of  the  middle  third  a 
Buck's  extension  is  appUed  up  to  the  seat  of  fracture,  and  enough 
weight  attached  to  the  cord  to  overcome  the  sbottemng.  Lateral 
displacement  is  corrected  by  sand  bags,  lateral  splints,  or  a  molded 
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In  the  tawer  third  horizontal  traction  may  be  tried,  as  in  the 
;  third,  but  if  there  is  a  marked  tendency  to  displacement  of 
wer  fragment  backward,  the  double-inclined  plane  should  be 
Tenotomy  of  the  tendo  Achillis  is  useful  in  some  cases, 
aheuer  treats  fractures  in  all  parts  of  the  femur,  and  indeed 
■es  in  other  bones  of  the  extremities,  by  lateral  as  well  as  longi- 


J  extension  (Fig.  213).  In  order  to  make  powerful  traction 
aann  advises  "nail  extension."  As  the  Steinmann  procedure 
mded  by  seme  danger  of  infection,  it  has  been  replaced  by 
eletal  calipers  or  ice  tongs  of  Ransohoff  (Fig.  212).  Fractures 
thigh  unite  in  six  or  eight  weeks. 

le  suspension  and  extension  dressing  of  Blake  can  be  used  in 
»tment  of  any  fracture  of  the  thigh  or  leg. 
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In  children  Bryant's  method  may  be  used;  the  Umb  is  splinted, 
flexed  to  a  right  angle  with  the  body,  and  extension  made  from  a 
cross  bar  above  the  bed  (Fig.  214).  The  child  may  be  fastened  to  a 
Bradford  frame,  which  is  simply  an  oblong  of  gas  pipe  to  which  can- 
vas is  attached,  a  space  being  lett  beneath  the  buttocks.  Van 
Arsdale's  triangular  splint  is  made  of  thick  cardboard,  in  the  shape 

of  two  cards  of  spades  joined  at  their  apices  (Fig. 
215).  When  the  splint  has  been  folded,  it  forms 
a  triangle,  segment  2  being  molded  to  the  abdo- 
men and  segment  3  to  the  thigh.  '*The  extreme 
flexed  position  of  the  thigh  relaxes  all  the  muscles 
and  neutralizes  any  tendency  to  displacement; 
the  child  can  sit  on  the  floor  or  chair  and  creep 
about,  and  the  genital  and  anal  regions  are  well 
away  from  the  dressings"  (Gallant).  The  splint 
is  worn  for  three  weeks. 

The  prognosis  in  childhood  is  very  good,  but 

decreases  with  the  advance  of  years,  so  that  io 

adult  life  probably  only  one-half  secure  limb3 

which  give  them  no  trouble,  and  in  old  age  per-- 

_    ,       feet  functional  results  are  very  rare.     Except-- 

Fig.  213. — Barden-    ^  ^  . 

heuer's  method  of  treat-  ing  incomplete    fractures,   some   shortening  i^ 

ing     fractures    of    the    .         **    Kl 
femur,   (a)  Direction  of    meVliaOie. 

traction  by  Buck's  ex-       Supracondylar  fractuTe  of  the  femur  is  identi- 

tension  apparatus;   (b)  *  » 

of  traction  on  lower  end  cal  with  fracture  of  the  lower  third  of  the  bone. 
binTCs'rrnTrou'a       T-  or  Y-shapcd  fracture^  exists  when  a  sup- 
the  injured  thigh  and  racondylar  fracture  is  complicated  by  a  separa- 

under  the  sound  thigh;      .  /    .1  ^    ^  r  -li_         xi.  rni. 

(c)  of  traction  on  upper  tion  ot  the  Condyles  one  from  the  other.  The 
end  of  lower  fragment,  jower  end  of  the  f cmur  is  broadened,  one  condyle 

by  band  passmg  around  ^  •' 

the  thigh;  (J)  of  traction  may  be  moved  on  the  other  with  crepitus,  and 
Eac^of  %tese'  Ss  the  knee  joint  is  filled  with  blood.  The  treatment 
passes  over  a  pulley  at  ig  that  of  fracture  of  the  lowcr  third  of  the  femur. 

the  side  of  the  bed  and  -wy^      .  r      -xt.  j    1       •      ^i  1^      / 

is  attached  to  a  weight.  FractuTe  01  either  conayle  is  the  result  of 
Suirgme^ust^ed  direct  force.  The  fragment  is  displaced  upward 
outward  also  by  adduct-  and  the  leg  deviated  toward  the  affected  side; 
*^^    ^  ^  there  are  crepitus,  broadening  of  the  lower  end 

of  the  femur,  and  distention  of  the  joint,  but  no  shortening.  The 
treatment  is  a  double-inclined  plane. 

Separation  of  the  lower  epiphysis  occurs  before  the  twenty-first 
year,  is  the  most  frequent  of  all  epiphyseal  separations,  and  is  usuaUy 
the  result  of  the  leg  being  caught  in  the  spokes  of  a  wheel.  The 
symptoms  are  much  like  those  of  supracondylar  fracture,  ezc^t  that 
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the  crq)itus  is  moist,  and  the  lower  fragment  is  often  displaced  forward 
owing  to  the  action  of  the  quadriceps  on  the  tibia;  the  lower  end  of  the 
diaphysis  passes  backward,  thus  endangering  the  popliteal  vessels. 


Pic.  214. — Vertical  traction  as  used  in  treatment  of  fracture  of  femur  in  children  or  in 

adults  with  anterior  displacement  of  upper  fragment. 

Suppuration  may  occur  and  the  growth  of  the  bone  may  be  impaired. 
The  treatment  is  reduction  by  traction  while  pressure  is  made  on  the 
fragments  and  the  thigh  gradually  flexed.  The  limb  is  then  put  on  a 
double-inclined  plane. 

Longitudinal  fractures  entering  the 
knee  joint  may  cause  broadening  of  the 
bone^  but  are  difficult  to  detect.  The  treat- 
ment is  immobilization  in  a  horizontal  posi-       ^'^'  ^^^/TT^^^^^tu*^',  ^'i-^i'i?' 

^  4,  each  cut  the  length  of  child  s 

tion  for  six  or  eight  weeks.     Occasionally   thigh  from  groin  to  patella,  and 

11       .  r    av  ^'      1  r  t     flanges  C  to  D  the  same  width. 

a  small  piece  of  the  articular  surface  of  The  width  of  sections  i  and  4 
one  of  the  condyles  is  chipped,  but  unless    ^^^^^^  thickness  of  the  middle 

-^  .  ,        ,.  .     .       of  the  thigh.     Fold  on  dotted 

an  X-ray  picture  is  taken,  the  diagnosis  is     Unes  overlapping  i  and  4  after 

rarely  made  until  some  time  later,  when  ^^^ieVy?''''^"  ^'^''''''^'  "^ 
a  foreign  body  is  detected  in  the  joint. 

Fracture  of  the  patella  is  produced  by  direct  violence,  or  much 
more  frequently  by  muscular  action.  Fractures  by  direct  violence  are 
usually  vertical  or  oblique,  and  not  infrequently  comminuted.  As  a 
rule  the  fibrous  capsule  of  the  patella  is  not  separated  to  any  great 
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extent  so  that  marked  displacement  is  absent.  The  treatment  of 
these  cases  is  immobilization  of  the  knee  by  a  posterior  splint  for  six 
weeks.  Effusion  into  the  joint  is  reduced  by  cold  and  compression 
and  later  by  massage;  in  four  weeks  gentle  passive  motion  is  begiin. 

Fractures  due  to  muscular  action  are  transverse  or  slightly  oblique, 
the  fibrous  capsule  usually  tearing  so  that  marked  separation  takes 
place.  The  joint  is  therefore  usually  opened.  When  the  knee  is 
half  flexed,  the  middle  of  the  patella  lies  against  the  condyles  of  the 
femur,  while  the  upper  portion  projects  above;  in  this  position  sudden 
contraction  of  the  quadriceps,  as  in  an  attempt  to  save  oneself  from  a 
fall,  may  result  in  a  transverse  fracture.  The  symptoms  are  pain, 
effusion  of  blood  into  the  knee  joint,  inability  to  extend  the  leg 
although  walking  backward  is  possible,  separation  of  the  fragments, 
and  if  they  can  be  brought  together,  crepitus.  The  separation  is 
produced  by  the  action  of  the  quadriceps  and  also  by  the  effusion 
in  the  knee  joint. 

The  treatment  is  at  first  the  application  of  a  posterior  splint,  with 
cold  and  compression  to  reduce  the  swelling.  If  there  is  great  disten- 
tion of  the  joint,  the  effusion  may  be  drawn  off  by  a  trocar  and  can- 
nula. After  the  swelling  has  been  controlled  the  fracture  may  be 
treated  by  the  non-operative  method  or  by  operation. 

The  non-operative  method  is  without  risk  to  life  and  is  generally 
followed  by  a  useful  joint,  although  it  consumes  more  time  than 
treatment  by  operation.  It  should  be  employed  by  the  general 
practitioner  who  is  not  surrounded  by  facilities  for  perfect  asepsis. 
Cases  in  which  the  fibrous  capsule  of  the  patella  and  the  lateral 
fascial  expansions  are  not  torn  through,  i.e.,  cases  in  which  there  is 
but  little  or  no  separation,  are  best  treated  by  the  conservative  plan 
no  matter  what  the  surroundings.  The  limb  is  placed  on  a  posterior 
splint,  the  lower  end  of  which  is  elevated  to  relax  the  quadriceps, 
and  the  fragments  are  approximated  and  held  in  place  by  two  strips 
of  adhesive  plaster,  one  of  which  passes  from  below  the  joint  on  the 
outside,  above  the  upper  fragment,  then  down  to  the  inner  side  of  the 
lower  part  of  the  knee.  The  second  strip  in  a  similar  way  carries 
the  lower  fragment  upward.  A  third  strip  should  be  put  across  the 
line  of  fracture  to  prevent  tilting  of  the  fragments.  Hopkins  applies 
to  the  thigh  a  wickerwork  of  adhesive  plaster,  to  which  is  attached 
an  extension  apparatus  in  order  to  relax  the  quadriceps  and  pull 
down  the  upper  fragments.  Agnew's  splint  (Fig.  195)  is  simply  a 
posterior  splint  with  rotating  pins  on  the  side  for  the  attachment  and 
tightening  of  the  strips  of  adhesive  plaster  applied  to  hold  the  frag- 
ments in  place.     Massage  may  be  used  from  the  beginning.     During 
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the  fifth  or  sixth  week  the  splint  may  be  removed,  and  the  patient 
allowed  to  walk  with  a  molded  support  to  keep  the  knee  stiff;  passive 
motions  are  used  at  this  time,  but  active  movements  are  reserved 
until  the  end  oi  two  months;  all  support  is  removed  at  the  end  of  six 
nonths. 

The  operative  treatment  of  fracture  of  the  patella  is  gaining  in  favor, 
and  indeed  with  some  surgeons  is  almost  routine  practice.     It  should 
iie\-er  be  employed  unless  facilities  for  aseptic  work  are  available,  as 
infection  of  the  knee  joint  may  result  in  its  destruction,  in  amputation 
of  the  limb,  or  in  death.     Convalescence  is  more  rapid  after  the 
<^ative  treatment,  and  it  offers  the  best  chance  for  accurate 
apposition  and  bony  union.     Granting  a  healthy  subject,  it  is  pai- 
tinilarly    indicated    in    cases    in 
which  there  is  wide  separation,  in 
which  soft  tissues  intervene  be- 
tween the  fragments  after  their 
apposition,  and  in  cases  of  com- 
pouod    fracture,    refracture,    or 
fibrous  union  in  which  the  func- 
tion of  the  limb  is  considerably  im- 
paired.   In  the  laborer  or  in  one 
whose  occupation  necessitates  pro-   , 
longed  standing  or  much  walking, 
(Ration  offers  the  best  chance  for   ^ 
a  strong  patella.    Operative  treat-   . 
ment  may  be  either  ™6cw/o«co«j  or   ; 
open.     As    an    example    of    the 
former   may  be    mentioned    the  1 
antero-posterior  suture  of  Barker. 
A  special  instrument  somewhat 
like  an  aneurysm  needle  sharpened  at  the  end  is  passed  through  a 
knife  puncture  just  below  the  pateUa,  then  beneath  the  bone  to  and 
through  the  skin  above  the  upper  fragment,  where  it  is  threaded  with 
silver  wire  and  withdrawn  to  the  point  of  entrance  and  unthreaded; 
it  is  then  pushed  upward  between  the  skin  and  the  fragments  to  the 
opening  above,  threaded  with  the  other  end  of  the  wire,  and  with- 
drawn.   After  rubbing  the  fragments  together  to  dislodge  blood  or 
soft  tissues,  the  ends  of  the  wire  are  twisted,  cut  short,  and  pushed 
beneath  the  skin.     In  a  somewhat  similar  manner  Roberts  passes  a 
silk  suture  around  the  fragments  laterally  (circumferential  suture). 
The  subcufaneous  possesses  all  the  dangers  of  the  open  method  with- 
out its  advantages,  viz.,  evacuation  of  the  joint,  removal  of  the 
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fibrous  or  other  tissue  from  between  the  fragments,  and  accurate  ^ 
apposition.  The  open  operation  is  performed  by  exposing  the  frac- 
ture by  a  longitudinal  or  transverse  incision,  perferably  the  latter. 
The  joint  is  irrigated  with  salt  solution,  the  fragments  brought  to- 
gether after  removing  any  intervening  soft  structures.  The  wound 
is  closed  without  drainage.  When  the  fragments  come  together 
without  much  tension,  the  fibrous  capsule  of  the  patella  is  sutured 
and  the  lacerations  in  the  lateral  fascial  expansion  with  strong  chro- 
micized  catgut.  If  there  is  a  great  deal  of  tension  it  may  be  neces- 
sary to  pass  kangaroo  tendon  through  vertical  holes  bored  in  the  j 
fragments.  Massage  is  begun  as  soon  as  the  wound  is  healed,  and 
the  patient  is  allowed  out  of  bed  with  a  molded  splint  at  the  end  of 
three  or  four  weeks,  when  passive  motions  are  commenced;  all  dress- 
ings are  removed  in  two  months,  and  at  the  end  of  three  or  four 
months  recovery  is  complete. 

The  prognosis  after  non-operative  treatment  is  good  regarding 
the  function  of  the  leg,  although  fibrous  union  is  the  rule  and  some 
stiffness  and  weakness  are  generally  present.  After  operation  bony 
union  may  be  secured,  but  pain  and  stiffness  are  by  no  means  un- 
usual. Of  373  cases  of  fracture  of  the  patella,  48  suffered  a  refracture 
at  the  same  point,  in  periods  ranging  from  a  few  months  to  four 
years;  the  majority  of  these  were  treated  by  the  conservative  plan 
(Lauper). 

The  tibia  may  be  fractured  at  the  upper  end,  at  any  portion  of  the 
shaft,  and  at  the  lower  end,  and  the  tubercle,  or  the  upper  or  lower 
epiphysis  may  be  separated. 

The  upper  end  of  the  tibia  is  broken  by  direct  violence.  The 
symptoms  are  often  masked  by  the  swelling  of  the  overlying  soft 
parts.  When  the  fracture  is  transverse  there  is  but  little  displace- 
ment, when  oblique  the  leg  deviates  from  the  axis  of  the  limb.  The 
fissure  may  enter  the  joint,  which  will  then  be  greatly  distended. 
Mobility  and  crepitus  are  present.  The  treatment  is  reduction  by 
traction  and  pressure  on  the  fragments,  and  immobilization  on  a 
double-inclined  plane  or  in  a  plaster  cast,  for  four  or  five  weeks. 

The  tubercle  of  the  tibia  may  be  torn  off  by  violent  contraction  of 
the  quadriceps,  in  individuals  under  the  age  of  twenty.  The  fragment 
is  drawn  upward,  and  the  injury  may  be  mistaken  for  fracture 
of  the  patella,  in  which,  however,  there  is  no  depression  at  the  upper 
extremity  of  the  tibia,  the  upper  end  of  the  lower  fragment  is  ser- 
rated, and  a  finger  pressed  between  the  fragments  touches  the  femur. 
If  the  separation  is  partial  the  diagnosis  is  made  by  pain,  tenderness, 
localized  swelling,  and  the  X-ray.    The  treatment  is  a  posterior 
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splint;  if  there  is  much  separation,  the  tubercle  may  be  fastened 
in  place  by  pegging. 

Separation  of  the  upper  epiphysis  of  the  tibia  is  an  extremely  rare 
mjury  which  may  occur  before  the  sixteenth  year  and  be  productive 
of  dwarfing  of  the  leg.  The  treatment  is  that  of  fracture  of  the  upper 
Hid  of  the  tibia. 

The  shaft  of  the  tibia  is  usually  broken  by  direct  violence,  occa- 
sionally by  indirect  violence  or  torsion.  Generally  speaking  the 
fncture  is  transverse  when  in  the  upper  part  of  the  bone,  oblique  or 
spiral  when  in  the  lower  portion  (Fig.  217).  The  symptoms  are 
localized  pain,  irregularity  of  the  crest  of  the  tibia,  crepitus,  and 
I  mobility.  In  transverse  fractures  there  may 
[  be  no  deformity,  and  even  in  oblique  frac- 
I  lures  the  splinting  action  of  the  hbula  may 
prevent  much  displacement;  as  a  rule,  how- 
""er,  the  upper  fragment  is  tilted  forward  by 
the  quadriceps,  while  the  lower  fragment  is 
routed  inward.  The  treatment  is  the  applica- 
tion of  a  fracture  box  (Fig.  195),  until  the 
swelling  has  been  controlled  by  evaporating 
lotions  or  the  ice  bag;  the  leg  is  then  put  up 
in  a  plaster-of-Paris  cast,  which  is  worn  for 
five  weeks.  The  cast  should  be  split  before 
it  has  hardened,  so  that  it  may  be  removed 
e^ery  few  days  for  inspection  and  massage 
of  the  leg. 

The  internal  maUeolus  is  broken  by  direct 
force,  or  its  tip  may  be  torn  off  by  the  in- 
ternal lateral  Ugament  when    the    foot  is 
strongly  everted.    The  symptoms  are  pain,    ^tor,i*n'fr7JiJli.t*o?tfbm"^ 
mobility,  crepitus,  effusion  into   the   ankle 

joint,  and  possibly  downward  displacement  of  the  fragment.  The 
treatment  is  that  of  fracture  of  the  shaft.  Wiring  or  pegging  should 
be  considered  if  there  is  much  displacement,  as  vicious  union  in  this 
situation  is  followed  by  lameness. 

Separation  of  the  lower  epiphysis  of  the  tibia  is  very  rare.  The 
treatment  is  that  of  fracture  of  the  shaft. 

The  fibula  may  be  broken  by  direct  or  indirect  force,  or  by 
muscular  action  (biceps). 

The  upper  end  of  the  fibula,  when  broken,  causes  localized  pain, 
particularly  on  adduction  of  the  leg.  There  may  be  no  displace- 
ment, or  the  upper  fragment  may  be  drawn  up  by  the  biceps.     Crepi- 
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tus  and  mobility  are  present;  the  external  popliteal  nerve  may  be 
injured.  The  treatment  is  the  application  of  a  plaster  cast  for  five 
weeks.  If  there  is  displacement  the  knee  may  be  flexed  to  relax  tHe 
biceps. 

The  shaft  of  tiie  fibula,  when  broken,  causes  localized  pain  and 
tenderness.  Deformity  is  not  seen,  but  on  pressing  the  tibia  against 
the  fibula,  crepitus  and  abnormal  mobility  may  be  detected.  As  tlie 
bone  is  normally  elastic,  comparison  with  the  other  leg  should  be 
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made  before  deciding  that  abnormal  mobility  is  present.     The 
treatment  is  a  plaster  cast  for  five  weeks. 

The  lower  end  of  the  fibula  may  be  broken  by  direct  force,  but  the 
usual  cause  is  a  twist  of  the  foot.  Pott's  fracture  is  caused  by  ever- 
sion  and  abduction  of  the  foot,  rarely  by  inversion  and  adduction. 
In  a  typical  case  there  are  three  lesions,  a  fracture  of  the  fibula  about 
three  inches  above  the  tip  of  the  malleolus,  a  fracture  of  the  internal 
malleolus  due  to  traction  of  the  internal  lateral  ligament  (or  rupture 
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of  the  l^ament),  and  rupture  of  the  tibiofibular  ligament  (or  avul- 
sion of  that  part  of  the  tibia  to  which  it  is  attached).  The  number 
of  lesions  and  consequently  the  amount  of  deformity  depend  upon 
the  degree  of  eversion  and  abduction.  In  the  slighter  forms  the 
internal  malleolus  alone  is  broken  or  the  internal  lateral  ligament 
ruptured.  Continuation  of  the  force  presses  the  astragalus  against 
the  external  malleolus  and,  with  the  tibiofibular  ligament  as  a  ful- 
crum, breaks  the  fibula  above  the  ankle  by  indirect  force,  the  upper 
end  of  the  fragment  passing  toward  the  tibia.  These  injuries  cause 
simply  marked  eversion  of  the  foot.  If  the  tibiofibular  ligament 
also  ruptures,  or  the  tibia  to  which  it  is  attached  gives  way,  there  is 
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added  displacement  of  the  foot  upward  and  backward;  to  this 
variety  the  term  fracture-dislocation  (Fig.  219)  may  be  properly 
applied.  If  the  outward  dislocation  is  complete  the  injury  is  called 
Dufivylren's  fracture.  Occasionally  the  fracture  of  the  fibula  is 
accompanied  by  a  transverse  fracture  of  the  tibia  immediately  above 
the  inner  malleolus,  in  which  case  the  projection  of  the  lower  end 
of  the  upper  fragment  of  the  tibia  may  be  mistaken  lor  the  internal 
malleolus.  In  Pott's  fracture  by  inversion  the  astragalus  presses 
against  and  fractures  the  internal  malleolus,  and  the  fibula  is  broken 
above  the  ankle  by  the  violent  traction  on  the  external  lateral 
ligament,  the  tibiofibular  joint  acting  as  a  fulcrum. 
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tus  and  mobility  arc  present;  the  external  popliteal  nerve  n 
injured.  The  treatment  is  the  application  of  a  plaster  cast  f 
weeks.  If  there  is  displacement  the  knee  may  be  flexed  to  re 
biceps. 

The  shaft  of  tiie  fibula,  when  broken,  causes  localized  pa 
tenderness.     Deformity  is  not  seen,  but  on  pressing  the  tibia  i 
the  fibula,  crepitus  and  abnormal  mobility  may  be  detected, 
bone  is  normally  clastic,  comparison  with  the  other  leg  sho 


Pic.  ji8,— Potfa  (racture. 

made  before  deciding  that  abnormal  mobility  is  present. 
treatmatt  is  a  jilaster  cast  for  five  weeks. 

The  lower  end  of  the  fibula  may  be  broken  by  direct  force,  1 
usual  cause  is  a  twist  of  the  foot.  Pott's  fractiu'e  is  caused  b; 
sion  and  abduction  of  the  foot,  rarely  by  inversion  and  add' 
In  a  typical  case  there  are  three  lesions,  a  fracture  of  the  fibula 
three  inches  above  the  tip  of  the  malleolus,  a  fracture  of  the  ii 
malleolus  due  to  traction  of  the  internal  lateral  ligament  (or  r 
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of  the  ligament),  and  rupture  of  the  tibiofibular  ligament  (or  avul- 
sion of  that  part  of  the  tibia  to  which  it  is  attached).  The  number 
of  lesions  and  consequently  the  amount  of  deformity  depend  upon 
the  degree  of  eversion  and  abduction.  In  the  slighter  forms  the 
internal  malleolus  alone  is  broken  or  the  internal  lateral  ligament 
ruptured.  Continuation  of  the  force  presses  the  astragalus  against 
the  external  malleolus  and,  with  the  tibiofibular  ligament  as  a  ful- 
cmm,  breaks  the  fibula  above  the  ankle  by  indirect  force,  the  upper 
end  of  the  fragment  passing  toward  the  tibia.  These  injuries  cause 
simply  marked  eversion  of  the  foot.  K  the  tibiofibular  ligament 
also  ruptures,  or  the  tibia  to  which  it  is  attached  gives  way,  there  is 
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added  displacement  of  the  foot  upward  and  backward;  to  this 
variety  the  term  fracture -dislocation  (Fig.  219)  may  be  properly 
applied.  If  the  outward  dislocation  is  complete  the  injury  is  called 
^puyiren's  fracture.  Occasionally  the  fracture  of  the  fibula  is 
accompanied  by  a  transverse  fracture  of  the  tibia  immediately  above 
the  inner  malleolus,  in  which  case  the  projection  of  the  lower  end 
of  the  upper  fragment  of  the  tibia  may  be  mistaken  lor  the  internal 
malleolus.  In  Pott's  fracture  by  inversion  the  astragalus  presses 
against  and  fractures  the  internal  malleolus,  and  the  fibula  is  broken 
above  the  ankle  by  the  violent  traction  on  the  external  lateral 
ligament,  the  tibiofibular  joint  acting  as  a  fulcrum. 
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The  OS  calcis  is  usually  broken  by  a  fall  on  the  foot,  and  rarely 
from  violent  contraction  of  the  calf  muscles.  The  line  of  fracture 
may  be  in  almost  any  direction;  if  in  the  anterior  portion  of  the  bone 
there  may  be  no  deformity,  if  through  the  sustentaculum  tali  there 
will  be  flattening  of  the  foot,  and  if  more  posterior  the  fragment  may 
be  drawn  up  by  the  calf  muscles.  In  the  latter  instances  crepitus 
and  mobility  may  be  detected.  The  heel  is  often  enlarged  from  side 
to  side.  Cotton  lays  the  inner  side  of  the  foot  upon  a  sand  bag, 
places  felt  over  the  outer  side  of  the  os  calcis  and  impacts  the  frag- 
ments by  blows  from  a  mallet.  Impaction  is  employed  only  after 
the  position  has  been  carefully  corrected  by  manipulation  or  exten- 
sion with  tongs.  The  treatment,  in  the  absence  of  deformity,  is  a 
fracture  box,  and  later  a  removable  plaster-of-Paris  cast  for  four 
weeks.  Widening  of  the  heel  may  be  corrected  with  lateral  pads, 
flattening  of  the  foot  with  an  instep  support.  When  the  posterior 
fragment  is  drawn  upward,  the  tendo  Achillis  may  be  cut,  or  the 
knee  bent,  and  the  foot  fixed  in  plantar  flexion  by  a  slipper  whose  heel 
is  connected  with  the  thigh  by  a  cord.  Far  more  satisfactory, 
however,  is  wiring  or  pegging  the  fragment  in  place. 

The  remaining  bones  of  the  tarsus  may  be  broken  by  direct 
violence,  which  is  usually  of  such  a  nature  as  to  cause  an  open  wound 
and  comminution  of  bone,  hence  excision  of  fragments  with  drainage, 
or  in  some  cases  amputation,  is  required. 

The  metatarsal  bones  may  be  broken  by  direct  or  indirect  vio- 
lence. The  fracture  is  frequently  compound.  The  usual  symptoms 
of  fracture  are  present.  The  treatment  is  a  molded  splint  for  four 
weeks.  The  treatment  should  be  supplemented  by  the  use  of  felt 
pads  in  the  sole  of  the  shoe  so  shaped  as  to  preserve  the  arches  of 
the  foot. 

Fractures  of  the  phalanges  of  the  foot  are  usually  compound,  and 
often  require  amputation.  In  other  cases  the  toes  should  be  fixed 
on  a  molded  splint  of  cardboard,  extending  well  up  on  the  sole  of  the 
foot. 

DISEASES  OF  BONES 

Inflammation  of  bone  begins  in  the  periosteum  or  the  medulla, 
from  which  structures  the  osseous  tissue  receives  its  blood  supply. 
The  phenomena,  viz.,  hyperemia,  exudation,  and  changes  in  the 
perivascular  tissues  are  much  the  same  as  in  other  structures,  except 
that  death  of  the  bone  is  more  likely  to  ensue,  owing  to  the  unyielding 
character  of  the  canals  in  which  the  vessels  run.  Inflammation  here 
as  elsewhere  terminates  in  resolution,  new  growth  {condensing  ostitis, 
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or  osteosclerosis)^  or  death  of  the  part.  Death  of  bone  is  brought 
about  by  ulceration  {caries^  inflammatory  osteoporosis,  or  inflam- 
matory rarefaction) J  abscess  formation,  or  gangrene  (necrosis).  Ana- 
tomically, inflammation  of  bone  may  be  divided  into  periostitis, 
ostitis,  and  myelitis;  clinically,  however,  periostitis  is  always  linked 
with  inflammation  of  the  subjacent  bone,  myelitis  with  involvement 
of  the  surrounding  osseous  tissue,  hence  the  terms  osteoperiostitis  and 
osteomyelitis  are  more  nearly  correct. 

Osteoperiostitis  periostitis)  may  be  acute  or  chronic,  localized  or 
diffuse.  In  the  acute  form  the  periosteum  is  red  and  swollen.  This 
is  followed  by  resolution  (simple  periostitis) ,  by  suppuration  (puru- 
Itnt  periostitis) ,  or  by  permanent  thickening  owing  to  the  deposition 
of  new  bone  (ossifying  or  osteoplastic  periostitis). 

Periostitis  serosa  or  albuminosa  (Oilier  and  Poncet)  is  a  variety  of 
suppurative  periostitis,  probably  due  to  organisms  of  low  virulence. 
A  serous  or  mucoid  exudate,  rich  in  albumen  and  containing  staphy- 
lococci or  streptococci  forms  beneath  the  periosteiun.  The  course  is 
subacute  or  chronic.  In  old  cases  there  is  little  tenderness  and  the 
condition  may  be  mistaken  for  a  cyst  or,  when  on  the  skull,  for  a 
meningocele. 

The  causes  of  osteoperiostitis  are  contusions,  wounds  (including 
fracture),  extension  from  neighboring  tissues,  and  infection  by  way 
of  the  blood,  such  as  rheumatism,  gout,  gonorrhea,  syphilis,  pyemia, 
tuberculosis,  and  acute  infectious  fevers.  Periostitis  may  occur  also 
at  the  point  of  attachment  of  muscles  which  are  used  to  an  abnormal 
extent,  or  as  the  result  of  pressure,  e.g.,  periostitis  of  the  os  calcis  in 
flat  foot.  Marie's  disease,  or  pulmonary  hypertrophic  osteoarthro- 
pathy, is  an  enlargement  of  the  bones  of  the  forearms,  hands,  legs, 
and  feet  from  ossifying  osteoperiostitis,  and  occurs  in  association 
with  chronic  lung  disease. 

The  ^xnptoms  are  aching  pain,  worse  at  night  and  increased  by 
pressure,  palpable  thickening  of  the  periosteum  in  subcutaneous 
hones,  and,  in  the  event  of  suppuration,  edema  and  redness  of  the  skin 
and  later  softening  of  the  swelling.  After  the  abscess  has  been 
opened,  denuded  bone  may  be  felt,  which,  as  a  rule,  undergoes  caries 
or  neaosis  to  a  variable  extent,  and  is  removed  by  the  surgeon  or 
separated  by  nature.  In  the  presence  of  suppuration  there  will  be 
constitutional  symptoms  of  sepsis.  In  chronic  periostitis,  in  the 
absence  of  suppuration,  there  may  be  no  symptoms  but  a  tender 
swelling  of  the  bone.  Ossifying  periostitis  may  produce  exostoses  or 
osteophytes,  particularly  about  a  chronically  inflamed  joint. 

The  timtment  of  acute  periostitis  is  rest,  elevation,  and  cold 
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locally.  Constitutional  treatment  is  directed  toward  any  existing 
diathesis.  Suppuration  demands  incision  and  drainage.  Chronic 
periostitis  is  treated  by  mercurial  ointment  locally,  and  potassium 
iodid  internally,  even  in  the  absence  of  a  syphilitic  taint.  The  cause 
should,  of  course,  be  removed  if  possible.  Removal  of  newly 
formed  bone  or  osteophytes  is  occasionally  indicated. 

Acute  osteomyelitis  is  also  described  by  some  authors  under  the 
following  headings:  acute  infective  osteomyelitis,  acute  septic 
osteomyelitis,  acute  diffuse  infective  periostitis,  acute  diaphysitis, 
acute  panostitis,  acute  necrosis.  Perhaps  panostitis  is  the  best  term, 
as  all  the  structures  of  the  bone  are  sooner  or  later  involved. 

The  cause  is  always  infection  by  micro-organisms,  among  which 
are  the  staphylococcus,  streptococcus,  pneimiococcus,  gonococcus, 
typhoid  bacillus  and  the  bacillus  coli  communis.  Bacteria  may 
gain  entrance  through  a  wound,  e.g.,  in  compound  fracture,  amputa- 
tion, osteotomy,  etc.;  or  infection  may  extend  from  neighboring 
tissues,  or  come  by  way  of  the  blood,  e.g.,  in  infectious  fevers,  not- 
ably measles  and  scarlet  fever.  Typhoid  osteomyelitis  is  always 
subacute  or  chronic.  When  osteomyelitis  occurs  in  a  healthy 
individual  without  an  open  wound,  the  organisms  are  supposed  to 
have  entered  the  blood  through  the  tonsils,  or  through  the  respiratory, 
intestinal,  or  genitourinary  mucous  membranes.  In  some  of  these 
cases  chilling  of  the  body,  or  a  strain,  sprain,  or  contusion,  precedes 
the  outbreak  of  symptoms.  Children  are  peculiarly  liable  to  this 
form  of  osteomyelitis,  the  process  usually  starting  in  the  end  of  the 
diaphysis,  rarely  in  the  epiphysis  {acute  epiphysitis).  The  neighbor- 
ing joint  is  apt  to  be  involved  if  the  epiphyseal  line  lies  within  the 
capsule  {acute  infantile  arthritis),  as  in  the  hip  and  elbow  joints.  In 
the  diaphyseal  end  of  growing  bone,  or  metaphysis  as  it  is  sometimes 
called,  the  vessels  are  arranged  in  terminal  loops,  which  retard  the 
blood  stream  and  favor  the  deposition  of  organisms;  moreover,  this 
region  is  more  exposed  to  injuries  from  wrenches  or  twists.  The 
favorite  sites  for  osteomyelitis  are  where  the  greatest  growth  in 
length  takes  place,  viz,  the  lower  end  of  the  femur,  the  upper  end  of 
the  tibia,  the  upper  end  of  the  humerus,  and  the  lower  end  of  the 
radius.  Although  it  is  possible  for  the  mildest  cases  to  terminate 
without  suppuration,  such  an  event  is  of  rare  occurrence.  As  £ 
rule  suppuration  of  the  medulla  occurs,  and  pusjappears  in  the  Haver 
sian  canals  and  finally  lifts  the  periosteum  from  the  bone,  or  escape 
through  the  epiphyseal  line,  thence  infiltrating  the  surroundinj 
tissues.  Necrosis  of  a  portion  or  of  even  the  entire  shaft  follows 
Involvement  of  more  than  one  bone  is  uncommon  (tnuUiple  osUamyi 
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iA5)y  and  occasionally  the  disease  reappears  in  the  same  situation 
osteamyeliHs  recidiva). 

The  symptoms  are  sudden  in  onset,  generally  beginning  with  a 
chill,  which  is  followed  by  high  fever.  The  limb  is  painful  and 
tender,  and  soon  becomes  hot,  swollen,  and  edematous.  The  super- 
fidal  vessels  are  distended,  and  finally  pus  may  make  its  way  to  the 
surface  and  give  rise  to  fluctuation.  If  there  is  a  wound  the  dis- 
charge will  be  copious  and  offensive  and  the  bone  tender.  It  may  be 
possible  to  see  the  thick,  red,  and  separated  periosteum  and  the  fun- 
gous suppurating  medulla.  The  X-ray  may  show  a  subperiosteal 
exudate,  but  acute  osteomyelitis  ought  to  be  recognized  clinically 
kmg  before  there  is  sufficient  destruction  of  bony  tissue  to  show  in  a 
skiagraph.  The  constitutional  symptoms  are  those  of  septicemia 
or  pyemia,  and  these  may  predominate  and  mask  the  local  pheno- 
mena, so  that  a  diagnosis  of  typhoid  fever,  rheumatism  or  some 
similar  condition  may  be  made.  The  adjacent  joint  is  often  swollen, 
usually  containing  sterile  serum,  sometimes  pus. 

In  the  mildest  cases  of  osteomyelitis  the  only  symptoms  are  pain 
and  slight  fever.  The  so  called  growing  pains  are  supposed  to  be  due 
to  this  cause. 

The  diagnosis  may  be  difficult,  but  is  most  frequently  not  made 
because  of  an  incomplete  or  careless  examination.  Rheumatism 
affects  more  than  one  joint,  the  tenderness  is  most  marked  in  and 
not  above  or  below  the  joint,  the  local  phenomena  are  less  marked, 
and  the  constitutional  symptoms  are  less  serious.  Gonorrheal 
fkeumatism  is  preceded  by  gonorrhea  and  does  not  give  tenderness 
in  the  bone.  Typhoid  fever  is  slow  in  onset  and  does  not  present 
local  bony  symptoms  in  the  early  stages;  the  blood  shows  the  Widal 
reaction,  and  a  leukopenia  instead  of  a  high  leukocytosis.  Tubercu- 
^  arthritis  starts  in  the  metaphysis,  not  in  the  diaphysis;  the  onset 
is  slow,  and  the  local  and  constitutional  symptoms  much  less  severe. 
^infantile  scurvy  the  bone  is  tender  and  enlarged,  but  many  bones 
we  apt  to  be  involved,  and  there  are  other  evidences  of  rickets, 
^  marked  anemia,  swollen  and  bleeding  gums,  perhaps  a  normal 
temperature  and,  characteristic  radiographic  changes. 

The  prognosis  is  always  grave.  Death  may  occur  from  septic 
Aeorption  before  the  local  signs  are  well  marked.  Later  dangers 
tte  exhaustion  and  amyloid  disease.  The  neighboring  articulation 
nay  be  destroyed,  resulting  in  either  ankylosis  or  flail  joint;  growth 
rf  the  limb  may  be  checked  from  involvement  of  the  epiphyseal 
irtilage;  or  it  may  be  necessary  to  remove  the  limb  because  of  septic 
|iq>toms,  or  because  repair  of  the  bone  is  impossible  owing  to 
ertniction  of  the  periosteiun. 
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The  treatment  is  immediate  drainage.  After  making  a  longi- 
tudinal incision  in  the  soft  parts  the  periosteum  is  reflected,  and  the 
medulla  opened  with  a  trephine,  gouge,  or  chisel  (Fig.  222).  Suffi- 
cient bone  is  removed  to  expose  all  the  infected  medulla,  thus  in  some 
instances  it  is  necessary  to  chisel  a  gutter  in  the  bone  almost  from 
one  end  to  the  other.  In  children,  excluding  the  rare  cases  in  which 
the  epiphysis  as  well  as  the  diaphysis  is  diseased,  care  should  be  taken 
not  to  injure  the  epiphyseal  line,  because  of  the  danger  of  interfering 
with  the  growth  of  the  limb.  The  suppurating  medulla  is  removed 
by  gentle  curettage,  in  order  to  do  as  little  harm  as  possible  to  the 
endosteum,  which  may  possibly  have  some  influence  in  subsequent 
repair.  The  wound  is  irrigated  with  Dakin's  solution.  The  use  of 
the  chlorine  antiseptics  is  of  peculiar  value  in  these  cases.  The 
constitutional  treatment  is  that  of  septicemia.  Should  drainage 
and  chemical  sterilization  fail  to  mitigate  the  constitutional  symp- 
toms, amputation  may  be  performed  as  a  life  saving  measure.  The 
treatment  of  the  subsequent  necrosis  is  given  below. 

Chronic  osteomyelitis  (chronic  ostitis)  follows  the  acute  form  or 
is  chronic  from  the  beginning.  To  the  latter  class  belong  the  chronic 
bone  inflammations  caused  by  typhoid  fever,  syphilis,  tuberculosis, 
actinomycosis,  leprosy,  and  glanders.  Typhoidal  osteomyelitis  usu- 
ally appears  during  convalescence,  the  tibia  and  ribs  being  most 
frequently  affected.  The  infection  may  be  a  pure  one  or  mixed  with 
pyogenic  organisms.  Like  the  gall-bladder  and  spleen,  the  medulla 
of  bones  may  harbor  typhoid  bacilli  for  years  before  causing  trouble. 
Workers  in  wool,  jute,  and  mother-of-pearl  may  breathe  in  particles 
of  these  substances,  which  finally  lodge  in  the  medulla  and  cause 
sudden  painful  swellings  at  or  near  the  end  of  the  diaphysis;  suppura- 
tion does  not  occur. 

The  symptoms  of  an  osteomyelitis  which  is  chronic  from  the 
start  are  pain,  tenderness,  swelling,  and  but  slight  constitutional 
disturbance.  These  cases  may  terminate  in  suppuration,  or  in 
hypertrophy  of  the  bone  {osteosclerosis,  condensing  ostitis);  in  the 
former  the  X-ray  shadows  are  less  dense,  in  the  latter  more  dense 
than  normal. 

The  treatment  is  rest,  ichthyol  or  mercurial  ointment  locally, 
and  iodid  of  potassium  internally.  If  these  measures  fail  or  if  pus 
forms,  the  bone  should  be  opened  and  drained,  except  when  syphilis 
is  the  cause. 

Necrosis,  or  gangrene  of  bone,  is  death  of  a  portion  of  bone  en 
masse.  The  dead  portion  (sequestrum)  varies  in  size  from  a  small 
superficial  flake,  such  as  follows  suppurative  periostitis,  to  a  mass 
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nting  the  entire  shaft  of  the  bone,  such  as  not  infrequently 
acute  osteomyelitis. 

causes  are  acute  and  chronic  inflammations  of  the  periosteum, 
id  medulla.  Removal  of  periosteum  in  the  absence  of  in- 
tion  does  not  induce  necrosis.  Injury  to  the  nutrient  artery 
odgment  of  an  embolus  is  rarely  a  cause  of  necrosis.  Phos- 
and  mercury  may  cause  necrosis  of  the  lower  jaw,  particu- 

the  presence  of  carious  teeth,  which 
infection  of  the  bone  whose  nutrition  is 
by  the  poison.  Quiet  necrosis  is  a  rare 
>n  following  injury;  it  is  unaccompanied 
luration. 

sequestrum  separates  from  the  Uving 
/  a  line  of  ulceration  or  demarcation 
de  same  as  in  gangrene  of  soft  parts. 
rounding  hving  bone  usually  undergoes 
nsing  ostitis  and  becomes  much  harder 
rmal.     Small  and  superficial  sequestra 

discharged  spontaneously  through  a 
rhich  ine\'itably  exists  in  all  but  very 
septic  sequestra,  in  which  complete 
on  without  suppuration  is  possible.  If 
■otic  mass  is  large  or  centrally  located, 
eous  discharge  is  impossible,  and  sup- 
•  inflammation  may  continue  for  years. 
se  bone  which  surrounds  the  sequestrum 
cases  is  called  the  involucrum,  and  the 
ading  from  the  surface  down  to  the 
1  which  the  sequestrum  lies  is  called  the 

xymptoms  of  necrosis  are  a  discharging 

smuses  which  have  resulted  from  a  o(  chnmic  osteomyelitis 
g  suppurative  inflammation  of  the  bone,  sequestrum"!^"  uerum  and 
rotic  mass  may  be  felt  by  the  probe  or 
rated  by  the  X-ray.  In  a  skiagraph  a  sequestrum,  because 
jrosity,  appears  as  a  light  shadow,  surrounded  by  a  clear 
(resenting  the  cavity  in  which  it  lies  (Fig.  221). 
treatment  in  the  early  stages,  that  is,  after  providing  ample 
:  for  the  suppurative  inflammation  which  has  induced  the 

is  frequent  antiseptic  irrigations  and  dressings  until  the 
urn  has  separated,  or  at  least  until  the  destructive  process 
hed  an  end.    This  time  varies,  according  to  the  age  and 
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general  condition  of  the  patient,  the  size  and  situation  of  the  sequi 
trum,  and  the  cause  of  the  necrosis,  from  a  few  weeks  to  sevej 
months.  In  performing  sequestrotomy,  i.e. ,  removal  of  the  sequestni 
the  bone  is  exposed  by  a  suitable  incision,  the  periosteum  retraclf 
sufficient  invoiucnim  removed  by  gouge  or  chisel,  the  dead  bo 
extracted  with  forceps  (Fig.  222),  and  then  treated  by  chemii 
germicides — preferably  the  chlorin  group.  If  the  sequestn 
has  not  separated,  the  dead  bone  must  be  chiseled  away.     De 


Pic.  3»a.— <i)  Periosteal  sep: 
trum  forceps,  (s)  Macewi 
cutting  forceps. 


bone  is  softer  than  normal,  often  whitish  in  appearance,  and  di 
not  bleed  when  cut.  If  the  cavity  is  small  it  rapidly  fiUs  w 
granulations,  which  are  ultimately  replaced  by  bone.  If  it  is  lar 
healing  is  very  slow,  hence  the  following  methods  to  assist  repa 
Dehelley  removes  subperiosteally  more  than  one-half  of  the  bony  fl 
of  the  cavity  which  permits  of  the  fillingof  the  remaining  cavity  byl 
collapse  of  the  adjacent  soft  tissues.  The  cavity  has  been  filled  w 
aseptic  sponge,  decalcified  bone  chips,  gutta-percht,  plaster-of-Pai 
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bismuth  paste,  lead,  blood  clot,  mixture  of  paraffin  and  iodoform, 
etc.,  but  owing  to  the  presence  of  infection,  such  materials  act 
simply  as  foreign  bodies  and  are  ultimately  discharged.  Recently, 
however,  encouraging  results  have  been  obtained  with  Moorhofs 
bone  wax,  which  consists  of  iodoform  20  parts,  spermaceti  40  parts, 
and  oil  of  sesame  40  parts.  The  cavity  is  rendered  dry  and  sterile, 
and  the  mixture,  heated  to  50°  C,  poured  into  the  cavity  and  allowed 
to  soKdif y.  The  wax  is  ultimately  absorbed  and  replaced  by  fibrous 
tissue  or  bone.  Neuber  fastens  the  flaps  of  skin  to  the. walls  of  the 
cavity  by  nails  or  stitches,  and  thus  secures  healing  with  a  trough- 
like dq;iression  lined  with  skin.  Skin  grafting  has  been  used  with  a 
similar  idea.  Nilaton  filled  a  cavity  in  the  clavicle  with  a  peduncu- 
lated flap  of  muscle;  Makkas,  one  in  the  os  calcis  by  the  free  trans- 
photation  of  fat;  Makkas  says  the  fat  is  displaced  later  by  fibrous 
tissue,  which  may  ultimately  ossify.  Transplantation  of  bone  also 
lusbeen  successfully  performed  to  fill  osseous  defects  (see  p.  449). 
When  the  periosteum  has  not  been  destroyed,  it  can  confidently  be 
apecled  to  replace  even  the  entire  shaft  of  the  bone.  Nichols 
has  recently  investigated  this  subject  and  the  following  is  from  his 
paper:  "The  operation  consists  of  an  incision  through  the  skin  and 
ossified  periosteum  down  to  the  necrotic  shaft,  reflexion  of  the  perios- 
teum, removal  of  the  shaft,  either  entire  or  partial,  folding  of  the 
l^astic periosteum  in  such  a  way  as  to  approximate  the  internal  layers, 
SQtQie  of  the  edges  by  absorbable  sutures,  suture  of  the  soft  tissues, 
widiproviaion  for  moderate  drainage  and  complete  immobilization.'* 
The  ihaft  is  sufficiently  solid  for  use  in  from  four  to  eight  months. 
Iq  legions  such  as  the  thigh  or  arm  where  there  is  no  companion  bone 
to  act  as  a  splint  and  maintain  the  length  of  the  limb,  one  should 
wait*  until  the  periosteal  shell  of  regenerating  bone  is  sufficiently 
^vanced  to  preserve  the  contour  of  the  limb  and  prevent  shortening. 
This  stage  is  reached  when  the  periosteal  shell  as  determined  by  the 
X-ray  is  equal  in  thickness  to  one-fourth  of  the  diameter  of  the  or- 
^nal  shell.  If  delay  is  not  advisable  sequestrotomy  may  be  per- 
'ormed  and  a  magnesium  splint,  or  a  prop  of  bone  obtained  from 
another  portion  of  the  body,  inserted.  In  a  recent  case  of  this 
<^haracter  we  maintained  the  length  of  the  femur,  until  new  bone  had 
l^n  formed,  by  means  of  a  piece  of  sterilized  ox  bone. 

Caries  {inflammatory  osteoporosis,  rarefying  ostitis,  ulceration  of 
^)  is  molecular  death  of  bone.  The  bone  is  soft  and  honey- 
combed, and  crumbles  when  pressed  upon  by  a  probe.  Caries  is 
^  result  of  inflammation,  particularly  that  form  due  to  syphilis 
V  tabeiculosis.     The  ulceration  which  separates  living  bone  from 
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dead  is  a  form  of  caries.  Tlie  spaces  in  carious  bone  (Howskip'i 
lacunce)  are  the  result  of  suppuration,  or  absorption  by  large  giant 
cells  {osteoclasts).  Caries  sicca  is  caries  without  suppuration.  In 
caries  fungosa  there  is  an  excess  of  granulation  tissue.  Carta 
necrotica  is  the  form  in  which  small  crumbling  fragments  are  dis- 
charged. The  symptoms  of  caries  are  those  of  necrosis,  except 
that  the  probe  detects  rough  and  friable  bone  instead  of  a  firm 
sequestrum. 

The  treatment  is  exposure  of  the  bone,  and  removal  of  the 
diseased  tissue  with  curette  or  gouge,  and  the  treatment  of  the 
cavity  as  described  in  necrosis,  pages  436-437-  The  limits  of  the 
disease  are  reached  when  the  bone  becomes  pink  and  firm  and 
bleeds  on  cutting. 

Tuberculosis  of  bone  may  be  generalized  in 
the  course  of  acute  miliary  tuberculosis.  Loca- 
lized tuberculosis  is  most  frequent  in  early  life, 
and  usually  follows  infection  in  some  other  por- 
tion of  the  body,  notably  the  lungs  and  the 
lymph  glands.  In  the  long  bones  the  disease 
usually  begins  in  the  metaphysis  in  children,  in 
the  epiphysis  in  adults;  in  the  other  bones  it 
begins  in  the  periosteum,  or  more  frequentlyin 
the  cancellous  tissue.  Tuberculosis  of  the 
phalanges  is  called  tuberculous  dactylitis,  ot 
spina  venlosa  {Fig.  223).  Occasionally  the 
disease  begins  in  a  joint  and  secondarily  involves 
the  bone.  The  pathology  is  much  the  same  aS 
is  usually  syphilitic  or  that  of  tubcrculosis  elsewhere,  the  tuberculous 
tHbcrcu  ous.  mass  Undergoing  caseation   and    liquefaction, 

and  being  surrounded  by  a  zone  of  inflamed  bone.  The  diseased 
bone  may  separate  as  a  sequestrum,  but  as  a  rule  it  under- 
goes caries,  which  progressively  invades  the  surrounding  bone. 
When  the  process  remains  localized  and  undergoes  suppuration, 
it  forms  an  abscess  (Brodie  's  abscess) ,  which  is  lined  by  a  pyogenic 
membrane  and  surrounded  by  a  zone  of  condensing  ostitis.  Such 
abscesses  are  most  frequent  in  the  ends  of  long  bones,  particularly 
the  tibia  and  femur.  These  abscesses  may  perforate  the  periosteum 
and  infiltrate  the  soft  tissues.  The  term  cold  abscess  is  applied  to 
these  tuberculous  collections  in  the  soft  tissues  see  p.  112.  Trau- 
matism, often  shght  in  nature,  frequently  detennines  the  site  ot 
the  lesion. 


Pic.  313. — Spino  ven- 
tosa,  so  called  because  of 
the  ilHsk-like  inflalion  a! 
the  bone;  it  may  be  due 
lo  any  ot  the  causes  of 
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The  Sfymptoms  are  boring  pain,  tenderness,  and  thickening  of 
the  bone.  The  X-ray  will  show  the  disease  as  soon  as  the  process 
of  disintegration  is  advanced  far  enough  to  lessen  the  density  of 
the  bone  and  long  before  the  clinical  period  of  softening.  If  allowed 
to  progress,  the  disease  invades  the  neighboring  joint,  or  the  pus 
finds  its  way  to  the  soft  parts  about  the  bone  and  finally  presents 
itself  beneath  the  skin,  sometimes  a  long  distance  from  its  point  of 
origin.  After  the  abscess  breaks  or  is  opened,  infection  with 
pyogenic  organisms  causes  hectic  fever,  and  in  neglected  cases  this 
leads  to  exhaustion  or  amyloid  disease. 

The  treatment  is  removal  of  the  diseased  tissue  by  gouge, 
curette,  excision,  except  in  children  under  2  years  of  age,  or  in 
some  cases  even  by  amputation.  Spina  ventosa,  according  to 
Pels-Leusden,  should  be  treated  by  excision  of  the  diaphysis  with 
the  periosteum,  and  transplanting  to  its  place  a  segment  of  the 
tibial  crest  or  a  phalanx  from  a  toe.  In  the  early  stages  of  osseous 
tuberculosis,  before  the  formation  of  pus,  or  in  the  later  stages 
if  the  site  of  the  disease  is  inaccessible,  the  affected  parts  are 
inmiobilized  by  plaster-of-Paris  or  by  other  means,  and  a  cure  some- 
times obtained.  Passive  hyperemia,  radiotherapy,  and  heliotherapy 
are  employed  by  some  surgeons. 

STphilis  of  bone  occurs  in  the  secondary  and  tertiary  periods, 
and  like  tuberculosis,  the  site  is  often  determined  by  trauma.  In 
the  secondary  stage  osteocopic  pains  occur,  apparently  with  no 
organic  change  in  the  bones.  The  periostitis  of  the  second  stage 
results  in  resolution,  rarely  in  suppuration,  and  most  frequently  in 
ossification  of  the  exudate,  leaving  a  permanent  node.  In  the 
tertiary  stage  the  bone  may  become  the  seat  of  a  condensing  ostitis, 
or  gummata  may  form  in  periosteum,  bone,  or  medulla,  the  skull, 
sternum,  and  tibia  being  the  favorite  sites.  With  appropriate 
treatment,  the  gummatous  material  may  be  absorbed,  but  frequently 
degeneration  occurs  and  the  puruloid  material  ultimately  evacuates 
itself  through  the  skin.  The  bone  is  then  carious  and  worm-eaten, 
and  beyond  this  there  may  be  a  zone  of  sclerotic  osseous  tissue. 
Necrosis  occurs  in  some  cases  (Fig.  224)  owing  to  the  constriction  of 
the  vessels  by  the  surrounding  sclerotic  tissue;  the  sequestra  in  such 
cases  may  not  separate  for  years.  Should  sepsis  supervene,  the 
soft  j>arts  become  infiltrated  with  foul  smelling  pus,  which  in  the 
skull  may  spread  to  the  brain  or  its  membranes.  As  in  tuberculosis, 
amyloid  disease  may  appear.  Syphilitic  dactylitis  (Fig.  223)  occurs 
in  the  late  secondary  stage  as  a  periostitis,  or  in  the  tertiary  stage  as 
a  gummatous  osteomyelitis. 
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Congenital  ^philis  produces  the  same  bone  lesions  as  the  ac 
form.  The  site  of  the  disease,  however,  is  more  often  influen 
rapid  growth  than  by  traumatism,  hence  the  frequency  of  sy^ 
epiphysitis,  or  osteochondritis  as  it  is  sometimes  called.  Th 
of  the  bones  enlarge  in  these  cases,  and  present  some  resembla 
rickets.  The  swellings,  however,  occur  much  earlier  in  lift 
rickets,  are  associated  with  other  symptoms  of  syphilis,  ai 
influenced  by  syphilitic  treatment.  Suppuration,  separation 
epiphysis,  and  deformity  may  follow.  Periosteal  nodes  occu 
when  situated  about  the  anterior  fontanelle  are  called  Parrot's 
Cranioiabes  is  a  thinning  of  the  calvarium,  which  may  cracl 
pressure.     Occasionally  a  bone  is  stimulated  to  overgrowtl 


Flci.  224.— Syphilitic  necrosis  of  the  skull. 

when  there  is  a  companion  bone,  as  in  the  forearm  or  leg,  n 
curvature  results. 

The  treatment  is  that  of  syphilis.  Sinuses  should  be  kept 
lest  septic  symptoms  supervene.  Necrotic  or  carious  b( 
treated  as  already  indicated. 

Rickets,  or  rachitis,  is  a  constitutional  disease  due  to  ma 
tion,  and  often  associated  with  bad  hygienic  surrounding 
improper  diet.  It  usually  occurs  during  the  first  three  years 
The  so-called  congenital  rickets  is  generally  achondropla 
osteogenesis  imperfecta. 

The  sjrmptoms  in  the  early  stages  are  disorders  of  dig 
anemia,  sweating  about  the  head,  swelling  of  the  abdomei 


sment  of  the  spleen.  The  important  changes  are  those  in 
mes  (Fig.  225),  in  which,  although  there  is  an  active  pro- 
ion  of  the  cellular  elements,  prompt  calcification  does  not 
The  epiphyses  are  swollen  and  tender,  and  the  shafts  of 
ig  bones  softened.  Later  ossification  occurs,  frequently  with 
lity.  The  head  becomes  square  and  the  frontal  eminences 
lent,  the  fontanelles  and  sutures  close 
nd  craniotabes  may  occur.    Eruption 

teeth  is  delayed,  and  they  are  often 
ai,  deformed,  and  the  seat  of  early 
The  spine  may  become  curved  and 
est  "chicken-breasted."  The  ribs  are 
ed  at  their  junctions  with  the  costal 
ges  (rachitic  rosary),  and  there  may  be 
Iced  groove  extending  from  the  axilla 

toward  the  end  of  the  sternum 
'son's  sulcus).    The  pelvis  may  be  dis- 

and  the  limbs  curved,  e.g.,  bow-legs, 
-knee,  etc.  Growth  of  the  entire  body 
n  defective. 

e  treatment  is  correction  of  the  diet, 
air,  sunshine,  and  attention  to  the 
i,  together  with  cod-liver  oil,  synip  of 
iid  of  iron  and  hypophosphites.  De- 
les are  prevented  by  keeping  the 
t  in  bed,  and  they  are  corrected,  while 
ines  are  soft,  by  daily  manipulations 
races,  .\fter  two  or  three  years  de- 
ies  usually  require  osteotomy  or  other 
>f  operation. 

irry  rickets  (aeulc  rickets,  iitjanlile 
,  M aller-Barlo'iV  disease)  is  a  combina- 
f  rickets  and  scurvy,  either  of  which 
ffedominate.  It  is  most  frequent  in 
\drcn  of  the  well-to-do,  and  arises  from 

trition  resulting  from  the  administration  of  artificial  foods. 
ymptoms  of  rickets  may  or  may  not  be  marked  when  the 
tic   features  predominate.     There  may  be  spongy,  bleeding 

and  bleeding  from  the  mucous  membranes,  beneath  the 
■r  periosteum,  or  into  the  muscles  or  joints.  An  epiphysis 
letimes  separated  from  a  diaphysis  by  hemorrhage,  and 
lin    and    swelling    caused    by    this    or    by  bleeding  beneath 
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the  periosteum,  particulariy  when  associated  with  fever,  may  be 
mistaken  for  acute  osteomyelitis  (q.v.).  Recovery  occurs  in  91  per 
cent,  of  the  cases.  The  treatment  is  fresh  milk,  beef  or  lime  juice, 
and  the  juice  of  oranges,  lemons,  grapes,  or  apples.  A  painful  limb 
should  be  kept  quiet,  and  in  some  cases  bandaged  or  splinted. 

Achondroplasia  {chondrodystrophia  fetalis,  micromelia)  is  a  rare 
congenital  disease  characterized  by  defective  development  of  certain 
portions  of  the  skeleton.  Death  at  or  soon  after  birth  is  the  rule, 
although  in  a  few  instances  adult  life  has  been  reached.  The  trunk 
is  of  normal  length,  but  the  bones  of  the  limbs  are  short  and  bowed 
and  abnormally  thickened  at  the  points  where  the  muscles  are 
attached.  All  the  fingers  are  of  the  same  length,  and  a  wide  interval 
exists  between  the  second  and  third  finger,  gi\'ing  rise  to  the 
"trident  hand.''  The  base  of  the  nose  is  depressed  and  the  vault 
of  the  cranium  large,  but  the  intelligence  is  in  no  way  impaired. 
The  pelvis  is  small,  the  belly  prominent  owing  to  lumbar  lordosis, 
and  the  genitals  normal.  Rickets  differs  from  this  condition  in 
that  it  is  post-natal;  the  bones  are  soft,  not  hard;  the  trunk  is 
affected;  there  is  no  pug  nose;  an^  the  cranium  is  bossed.  In 
cretinism  the  intelligence  is  defective,  the  hair  scanty  and  coarse, 
and  the  patients  improve  after  taking  thyroid  extract.  Syphilitic 
pug  nose  is  due  to  bone  disease,  not  to  premature  union  of  the  bones 
at  the  base  of  the  skull  as  in  achondroplasia.  There  is  no  treatment 
for  achondroplasia. 

Atrophy  of  bone  may  be  congenital;  or  it  may  be  due  to  inflam- 
mation, disease  or  injury  of  the  epiphysis;  disuse;  pressure,  e.g.? 
from  a  tumor  or  aneurysm;  or  to  disease  or  injury  of  the  nervous 
system,  e.g.,  tabes,  section  of  nerves,  syringomyelia,  paresis  and 
other  forms  of  insanity.  It  is  normal  in  old  age,  as  is  best  seen  in 
the  cranium,  lower  jaw,  and  neck  of  the  femur.  Atrophied  bone 
breaks  easily,  so  that  one  should  bear  the  above  causes  in  mind 
during  forcible  manipulations,  such  as  are  employed  in  breaking 
joint  adhesions,  etc. 

Fragilitas  ossiunii  or  osteopsathyrosis^  is  a  condition  in  which 
there  is  an  abnormal  predisposition  to  fractures,  even  from  slight 
force.  There  are  two  forms,  the  idiopathic  and  the  symptomatic. 
Idiopathic  fragilitas  ossium  is  congenital  and  often  hereditary.  In 
some  cases  {osteogenesis  imperfecta)  fractures  occur  before,  during, 
or  soon  after  birth,  and  the  children  are  still-born  or  survive  only  a 
few  months.  In  others  the  tendency  to  fractures  is  most  marked 
between  the  second  and  twelfth  years,  and  usually  disappears  with 
the  advent  of  adult  life.    Union  is  prompt  but  often  with  con- 
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irable  deformity.  The  cause  and  pathology  are  not  known.  The 
iptomatic  form  is  due  to  any  of  the  other  conditions  mentioned 
ong  the  pathological  causes  of  fracture  (p.  375). 
Osteomalacia,  or  mollities  osshim,  is  a  disease  in  which  the 
les  become  abnormally  flexible  owing  to  the  absorption  of  cal- 
eous  material.  It  is  rare  in  the  male  and  peculiarly  frequent  in 
erperal  women.  The  cause  is  not  known,  The  bones  become 
torted  and  break  with  greater  ease  than  normally;  in  the  latter 
itance  non-union  often  occurs.  Of  great  importance  is  deform- 
*  of  the  pelvis,  because  of  the  difficulties  which  may  arise  during 
)or.  It  is  usually  compressed  laterally,  the  pubes  passing  for- 
ird,  thus  giving  it  a  triangular  r 
ape.  The  patient  is  weak  and 
ladated,  and  complains  of 
in  in  various  parts  of  the 
eleton.  Death  after  many 
ars  is  the  usual  result, 
though  recovery  occasionally 
curs.  The  treatment  is  tonic 
id  stimulating,  with  phos- 
ates,  cod-liver  oil,  and  bone 
arrow.  Braces  may  be 
tded.  and  means  should  be 
ttn  to  prevent  pregnancy, 
^moval  of  the  ovaries  some- 
nes  results  in  cure. 
Hypertrc^h;  of  bone  may 
congenital,  or  it  may  be  due 
increased  use,  e.g.,  where 
usdes  are  attached,  or  to  in- 
tased  nutrition  the  result  of 
flammation-  Giant  growth  of  the  fingers  or  toes  (macrodactylia), 
an  entire  limb,  or  of  the  entire  body,  may  be  congenital  or  acquired ; 
e  cause  is  not  known.  Progressive  hypertrophy  of  the  bones  of 
e  skull  is  called  leontiasis  ossitim  (Fig.  226).  It  begins  in  early 
e.  and  teiminates  fatally  after  a  number  of  years,  sometimes  from 
mpression  of  the  brain.  No  curative  treatment  is  known. 
Acromegafy  is  a  skeletal  overgrowth  due  to  increased  activity 
the  anterior  lobe  of  the  pituitary  body  (hyperpituitarism)  some- 
ots  induced  by  tumor  or  hypertrophy.  All  parts  of  the  body 
!  enlarged,  particularly  the  forearms,  hands,  legs,  feet,  jaws,  lips 
igue,  nose,  and  orbital  ridges  (Fig.  227).    The  hands  are  spade 


Pio.  J 16  .^Leontiasis 
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shaped,  the  fingers  sausage-like,  the  jaw  prominent  (pro( 
the  teeth  separated,  the  face  triangular  with  the   base 
(the  face  of  Paget 's  disease  is  triangular  with  the  bas 
that  of  myxedema  is  moon-shaped),  and  the  spine  kyf 
attitude  of  the  patient  resembling  that  of  the  gorilla.     T 


imegaly. 


gland  is  often  enlarged  and  arteriosclerosis  is  not  uncomi 
principal  symptoms  are  hcadacKe  and  malaise.  Glycosur 
times  present.  The  disease  is  fatal,  usually  after  many  yi 
treatment  is  symptomatic,  unless  evidences  of  tumor  of  th' 
body  be  present,  when  its  removal  is  indicated  (see  tunc 
pituitary  body,  chap.  xxi). 
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Ostitis  def  onnans,  or  Paget 's  disease,  consists  of  enlargement  or 
softening  of  the  bones,  usually  after  the  age  of  forty.  The  cranium 
enlarges  but  the  facial  bones  are  not  involved,  the  face  being  trian- 
gular with  the  base  upward.  The  patient  diminishes  in  height 
owing  to  kyphosis  and  outward  curvature  of  the  lower  extremities. 
The  chest  is  sunken  and  the  pelvis  broadened.  The  patient  com- 
plains of  rheumatic  pains  and  has  an  awkward  gait.  The  disease 
ii  very  slow  in  progress.  Multiple  sarcomata  of  the  bones  develop 
in  some  cases.  The  treatment  is  symptomatic,  no  remedies  being 
known. 

Ostitis  fibrosa  (von  Reck- 
linghausen) is  classified  by 
!  some  writers  with  the  in- 
flammatory, by  others  with 
the  non-inflammatory  affec- 
lions  of  bone.  Its  cause  is 
uobiown,  some  think  that  it 
is  of  infectious  origin,  others 
that  it  is  of  a  syphilitic  or 
parasyphilitic  nature.  There 
'^  extensive  lacunar  absorp- 
tion of  the  osseous  tissue  with 
hbtous  changes  in  the 
medulla,  giving  rise  to  a 
whitish  or  brownish-red 
tumor.  This  fibrous  tissue  I 
usually  melts  down  in  places, 
thus  fonning  multiple  cysts 
(%  338)  containing  serous 
<>rserosaaguineous  fluid 
^'^is  ^osa  cystica) ,  hat  it 
^y  harden  and  ultimately  p^^  ^^^  _ 
°^y  (ostitis   fibrosa    osteo- 

^istka).  The  disease  may  appear  at  any  time  of  life,  and  attack 
one  or  much  more  frequently  a  number  of  bones.  The  affected 
™neis  enlarged,  often  curved,  and  sometimes  the  seat  of  spontan- 
eous fracture.  The  swelling  may  be  mistaken,  clinically  and  micro- 
^pially,  for  giant-celled  sarcoma.  Some  authorities  hold  ostitis 
throsa  responsible  for  leontiasis  ossium,  ostitis  deformans,  epulis, 
md  certain  cases  of  fragilitas  ossium.  When  the  disease  is  con- 
owd  to  one  bone  recovery  may  follow  curettage  or  excision. 

Taatm  at  bone  may   be  benign  or   malignant.     The  benign 


(Henderson.) 
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tumors  arc  osteoma,  chondrumu  (p.  323).libroma,  lipom; 
and  angioma.  The  only  primary  malignant  tumor 
sarcoma,  although  it  may  be  invaded  secondarily  by 
(especially  from  the  breast,  thyroid,  and  prostate)  an 
Metastatic  osseous  growths  are  sometimes  the  first  sigr 
nephroma. 


Plu.  JJ9-— Batio 


,  Nhc-«iiiK  raJialing  spicules  of 


Periosteal  sarcoma  is  of  the  spindle-  or  round-cell 
grows  rapidly,  and  causes  early  metastases,  although  it  m. 
more  or  less  complete  ossification,  as  shown  in  Fig.  22^ 
sarcoma,  beginning  in  the  osseous  tissue  or  medulla,  cause; 
of  the  bone,  and  is  usually  found  near  the  end  of  a  lonj 
rarely  invades  the  Joint,  If  of  the  round-  or  spindle-cel 
the  degree  of  malignancy  is  high,  if  giant-celled,  or  m; 
comparatively  benign.     The  overlying  bone  may  beco 
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i  to  crackle  on  pressure,  and  spontaneous  fracture  is  not  unusual. 
I  all  forms  of  sarcoma  pulsation  may  occur  owing  to  the  great 
siscularity,  and  some  degree  of  ossification  is  usually  present; 
le  superficial  veins  are  distended  and  clearly  evident  beneath  the 
rhitened  skin.  Hemorrhagic  infiltration  and  cystic  degeneration 
re  of  frequent  occurrence. 

The  diagnosis  may  be  very  difficult,  owing  to  the  resemblance 
0  chronic  osteoperiostitis,  ostitis  fibrosa,  or  syphilitic  or  tuberculous 
iisease  of  bone.  Sarcoma  grows  steadily,  is  irregular  in  contour 
md  density,  is  apt  to  pulsate,  causes  distention  of  the  superficial 
^ems,  and  may  give  a  crackling  sensation  on  pressure  owing  to 
Junning  of  the  bone.  The  X-ray  shadow  of  the  tumor  is  often 
Aarply  limited;  it  shows  absorption  of  bone  in  the  more  malignant 
:ases,  spicules  radiating  at  right  angles  to 'the  bone  in  the  more 
benign  varieties  (Fig.  229).  In  inflammatory  bone  diseases  there 
5  apt  to  be  diffuse  mottling,  surrounded  by  a  dense  shadow  corre- 
sponding to  the  zone  of  condensing  ostitis;  in  syphilis  and  tuberculosis 
iis  dense  shadow  may  extend  over  a  large  part  of  the  diaphysis. 
tn  ostitis  fibrosa  the  multiple  cysts  may  show  in  the  skiagram  as 
lumerous  light  areas.  Often  a  positive  diagnosis  can  be  made  only 
ifter  exploratory  incision. 

The  treatment  in  all  but  the  myeloid  form  is  early  amputation 
trough  the  next  joint  above.  In  the  myeloid  variety  excision  of  the 
>Towth  alone  often  results  in  cure,  although  in  some  instances  ampu- 
ation  well  above  the  growth  is  required.  Osseous  defects  following 
operation  may  be  filled  by  bone  transplantation. 

Primary  multiple  myelomata  may  arise  simultaneously  in  the 
narrow  of  many  bones,  particularly  those  of  the  trunk  (vertebrae, 
ibs,  sternum) ;  less  frequently  the  skull  and  the  femora  are  affected, 
Jid  rarely  almost  the  whole  skeleton  is  invaded.  The  tumors 
onsist  of  myelocytes,  are  sharply  circumscribed,  and  usually  dark 
ed  in  color.  The  bones  may  become  thin  and  bend,  producing 
kyphosis,  etc.,  or  break.  Occasionally  the  grow^th  extends  to  the 
)eriosseous  tissues,  and  sometimes  metastases  occur;  myelocytes 
lave  been  found  in  the  blood  of  the  liver  and  the  spleen,  the  Bence- 
ones  body  in  the  urine.  The  patients  ultimately  die  of  exhaustion; 
bout  50  cases  have  been  reported. 

Cysts  of  bone  are  usually  due  to  degeneration  of  sarcoma  or  myx- 
ma.  Parasitic  cysts  (echinococcus,  cysticercus)  and  dermoid  cysts 
re  rare,  cysts  or  cyst-like  cavities  may  occur  in  ostitis  fibrosa,  perios- 
itis  serosa,  osteomalacia,  and  ostitis  deformans.  Cysts  of  the  jaw 
ionUnnata)  are  described  in  the  chapter  on  tumors. 
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Large  solilary  cysts  of  long  bones  {osteodystrophia  juvcnalis  cysiUi 
of  ilikulicz)  are  the  only  ones  requiring  special  notice  in  this  place. 
The  cyst  is  usually  found  near  the  epiphyseal  line  of  a  long  bone 


Pm.  330. — Albee's  srmamentarium  fur  bone  work.  1.  Calipers.  Doyemraelier' 
(ir  guunU  fur  mulnr  «>»'.  3,  Spray  aod  Kuard  fcir  saw,  4.  Twin  saw.  5.  DowclKnl 
instrument  or  lathe.  6.  Right  angle  twin  saw.  7.  Wrenches  for  twin  saw  and  W 
chuck.  M.  Drill  with  B"ard  to  provenL  it  pcnetratina  too  deeply,  p.  Drill  chuck  inJ 
small  drill  in  plucc.  10.  Burr  for  drilling  fractured  neck  oE  femur  for  peg  graft,  K- 
Small  circular  saw.  u.  Lame  saw.  13.  Carver's  boub*.  14.  Low  man  tractw* 
clamp.  15.  Ucri;  frai'iurc  clnmp.  16.  Wide  osteotome  for  splitting  spinous  proceW 
for  the  insertion  of  bono-Bnitt  for  Pott's  disease.  17.  Surgical  electric  motor.  I*- 
Compasses,     tg.  I.ambotte  fracture  clamp,  larxc  and  small, 

(femur,  tibia,  humerus,  less  frequently  metacarpal  or  metatarsal 
bone)  in  an  infant  or  adolescent,  and  often  follows  an  injury.  It  is 
single,  unilocular,  benign,  serous  or  serosanguineous,  and  surrounded 
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by  a  zone  of  ostitis  fibrosa.  There  may  be  pain  and  tenderness,  but 
never  signs  of  inflammation.  The  swelling  is  ovoid,  regular,  occa- 
sionally presents  parchment  crepitation  or  even  fluctuation,  and  is 
sometimes  discovered  only  after  a  spontaneous  fracture.  The  X- 
ray  shows  an  ovoid,  regular,  clear  area,  corresponding  to  the  cyst. 
The  treatment  consists  in  opening  the  cyst,  curettage,  and  gauze 
packing,  or,  as  packing  predisposes  to  infection,  filling  the  cavity 
^nth  fat,  bone  wax,  or  by  one  of  the  other  methods  described  in  the 
treatment  of  necrosis. 

Transplantatioii  of  bone  may  be  indicated  to  fill  developmental 
defects  (e.g.,  spina  bifida,  congenital  saddle-nose,  absence  of  radius 
or  other  bone),  to  replace  bone  destroyed  by  injury  or  disease  (e.g., 
osteomyelitis,  syphilis,  tuberculosis,  neoplasms),  to  immobilize 
broken  bones  or  to  induce  ununited  fractures  to  consolidate,  and  to 
secure  rigidity  of  joints  which  are  too  mobile  because  of  paralysis, 
or  which  are  diseased,  e.g.,  bone  grafting  for  tuberculosis  of  the  spine 
f.\lbee's  operation).  It  has  been  stated  that  an  osseous  graft' 
always  perishes  and  is  absorbed,  being  replaced  by  new  bone  derived 
from  the  periosteum;  from  the  osteoblasts  in  the  bone,  the  perios- 
teum acting  merely  as  a  limiting  membrane;  or  from  the  living  bone 
with  which  the  graft  is  brought  in  contact,  the  graft  possessing  not 
osteogenetic,  but  simply  osteoconductive  functions.  In  view  of  the 
fact  that  p>eriosteum  without  bone,  bone  without  periosteum,  and 
isolated  fragments  of  either  or  both  may  persist  and  grow,  perhaps 
we  may  conclude  that  a  bone  graft  does  not  always  succumb,  and 
that  new  osseous  tissue  can  be  formed  from  the  osteoblasts  of  the 
deeper  layer  of  periosteum  or  from  those  of  the  bone  itself.  It 
seems,  however,  that  a  bone  graft  with  its  periosteum  is  twice  as 
likely  to  survive  as  one  without  that  membrane,  probably  because  of 
the  greater  number  of  blood  vessels  in  the  periosteum.  For  a  similar 
reason  Oilier  emphasized  the  importance  of  the  medulla  in  preserving 
the  life  of  a  graft.  McWilliams  found  that  if  a  section  of  a  bone  is 
removed  subperiosteally,  the  bone  regenerates  between  the  frag- 
ments; that  without  a  periosteal  or  bony  bridge  there  is  very  little 
attempt  at  repair;  that  small  fragments  of  a  bone  shorn  of  periosteum 
are  more  apt  to  live  than  large  ones,  because  the  blood  has  easier 
access  to  the  smaller  fragments;  and  that  periosteum  alone  when 
transferred  to  soft  parts  may  create  new  bone.  In  performing  bone 
^ansplantation  strict  asepsis,  rigorous  hemostasis,  and  gentle 
handling  of  the  graft  are  essential.  Xo  attempt  should  be  made  to 
^  a  septic  cavity  with  a  bone  graft.  Because  of  the  cytolytic  effect 
^f  the  blood  and  the  body  fluids  on  alien  cells,  autoplastic  grafts, 
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i.e.,  from  the  same  individual,  are  the  most  successful.  If  a  homo- 
plastic graft,  i.e.,  one  from  another  individual,  must  be  employed 
one  of  the  same  blood  group  should  be  selected,  and  a  Wassermann 
test  made  to  exclude  syphilis.  Some  surgeons  have  taken  advantage 
of  the  opportunity  offered  to  obtain  bone  from  a  freshly  amputated 
limb  which  has  neither  been  infected  or  the  seat  of  a  malignant 
neoplasm,  e.g.,  a  limb  amputated  for  injury  or  dry  gangrene,  or  from 
an  individual  immediately  after  death  from  an  injury.  Heteroplas- 
tic grafts,  i.e.,  from  the  lower  animals,  generally  become  necrotic  or 
are  absorbed,  although  a  few  successful  transplantations  from  the 
dog,  the  lamb,  and  the  ape  (which  as  man's  nearest  animal  relative  is 
to  be  preferred)  have  been  reported.  When  sutures  are  needed  to 
fix  the  graft  in  place,  chromicized  catgut  or  kangaroo  tendon  is  the 
best  material  to  employ,  as  wire,  nails,  and  other  non-absorbable 
substances  predispose  to  suppuration  and  sinus  formation.  When- 
ever possible  incisions  should  be  made  in  such  a  way  that  the  suture 
line  in  the  skin  shall  not  lie  immediately  over  the  graft.  After  trans- 
plantation the  part  must,  according  to  the  size  and  situation  of  the 
graft,  be  immobilized  for  from  several  weeks  to  several  months. 

The  methods  of  bone  transplantation  may  be  divided  into  two 
groups,  viz.,  transplantation  by  flaps  and  free  transplantation. 

Transplantation  by  flaps  is  illustrated  by  the  various  osteoplastic 
resections  and  amputations  (see  Figs.  580,  581,  585,  and  585  to  588) 
A  periosteal  flap  with  a  thin  slice  of  bone  attached  can  be  raised  from 
the  bone  on  one  side  of  an  osseous  defect,  and  turned  over  so  as  to 
bridge  the  defect  (Oilier).  Flaps  0]  muscle  have  been  employed  to 
swing  a  piece  of  the  iliac  crest  into  the  femur,  a  piece  of  the  scapula 
into  the  humerus  (Codivilla) .  Flaps  of  skin  have  been  utilized  in  a 
similar  way,  thus  we  have  transplanted  a  metatarsal  bone  to  the 
tibia,  and  in  a  case  in  which  the  lower  ends  of  the  bones  of  the  fore- 
arm had  been  destroyed,  a  fragment  of  the  ulna  to  the  radius.  Bone 
may  be  grafted  also  one  end  at  a  time.  Huntington  closed  a  defect 
in  the  tibia  by  severing  the  fibula  at  its  upper  end  and  placing  it  in 
contact  with  the  upper  end  of  the  tibia.  After  union  had  occurred 
the  lower  end  of  the  fibula  was  transferred  to  the  lower  end  of  the 
tibia.  Subsequent  to  this  operation  the  fibula  thickens  in  response 
to  the  demand  made  upon  it.  Morton,  in  a  similar  case,  united  the 
lower  ends  of  the  bones  of  a  dog's  leg  to  the  upper  end  of  the  tibia, 
and  five  weeks  later  amputated  the  dog's  leg  and  placed  the  bones  in 
contact  with  the  astragalus.    A  useful  leg  resulted. 

In  free  transplantation  the  grafts  are  usually  taken  from  the  tibia, 
fibula,  clavicle,  scapula,  rib,  upper  third  of  the  ulna,  or  crest  of  the 
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um.  Periosteum  with  a  thin  slice  ot  osseous  tissue  may  be  used  to 
welop  the  ends  of  a  broken  bone  that  have  been  joined  by  wire  or 
ther  means  (Codivilla).  Small  hone  chips  have  been  employed  by 
lacewen  to  fill  defects  in  the  bones  of  the  extremity,  by  Keen  to  close 
;aps  in  the  skull.  With  rongeur  forceps  or  chisel  the  excised  frag- 
nent  is  broken  into  small  pieces,  which  are  placed  in  the  cavity  to  be 
ailed.  The  wound  is  closed  without  drainage.  A  large  section  may 
be  cut  from  a  bone  with  a  chisel,  or  an  electric  saw,  and  transferred 
quickly,  without  washing  in  salt  solution,  to  its  new  habitat,  where  it 
may  be  fixed  with  chromacized  catgut  sutures,  or  bone  pegs.  If  a 
chisel  is  employed  one  must  proceed  cautiously  and  with  light  blows, 
so  as  not  to  splinter  or  fragment  the  graft.  This  form  of  grafting  is 
employed  in  the  Albee  operation  for  tuberculosis  of  the  spine,  and  is 
rapidly  displacing  other  methods  in  the  operative  treatment  of 
fractures  (q.v.).  Transplantation  of  joints  is  mentioned  under 
ankylosis,  implantation  of  dead  bone  and  other  foreign  substances 
under  necrosis  and  the  operative  treatment  of  fractures.  In  the 
sections  on  regional  surgery  also  reference  is  made  to  bone  trans- 
plantation, when  the  particular  condition  may  be  so  treated. 

Tran^lantation  of  cartilage  is  more  apt  to  be  successful  when  the 
cartilage  is  accompanied  by  its  perichondrium.  Pieces  of  the  costal 
cartilages  have  been  used  to  fill  defects  in  the  face,  to  establish  new 
joints,  to  supply  the  place  of  absent  phalanges.  Transplantation  of 
an  articular  cartilage  with  its  attached  bone  (fibula)  likewise  has  been 
performed.  Whether  or  not  a  transplanted  epiphysis  can  participate 
in  the  growth  of  a  limb  is  a  question  that  is  still  unanswered.  Kutt- 
ner,  however,  one  year  and  eight  months  after  transplanting  the 
fibula  of  an  ape  to  the  leg  of  a  child,  in  whom  the  fibula  was  con- 
genitally  absent,  found  by  X-ray  examination  that  the  epiphyseal 
line  was  fully  preserved. 


CHAPTER  XX 


JOINTS 

INJURIES  OF  JOINTS 

Wounds  of  joints  should  always  be  regarded  with  apprehension. 
Extensive  wounds  are  often  associated  with  dislocation  or  compound 
fracture.  A  small  penetrating  wound  may  be  recognized  by  the 
escape  of  synovial  fluid,  although  this  may  not  occur  if  the  aperture 
is  valvular  or  very  narrow,  and  synovia  may  escape  from  injured 
bursa.  A  probe  should  not  be  employed.  The  external  parts 
should  be  disinfected,  the  entire  wound  excised  and,  if  no  foreign 

body  remains  in  the  joint,  closed 
with  the  usual  technic  of  primary 
suture.  The  joint  should  be  im- 
mobilized-with  a  splint  in  a  position 
which  will  give  the  best  function  in 
the  event  of  ankylosis.  At  the  first 
symptoms  of  infection,  viz.,  pain, 
swelling,  fever,  etc.,  the  wound 
should  be  reopened  and  if  it  is  not  so 
placed  as  to  provide  adequate  drain- 
age new  incisions  should  be  made; 
the  pus  washed  from  the  joint  cavity  with  a  weak  antiseptic  solution, 
preferably  Dakin's,  and  drainage  instituted.  Military  experience 
has  shown  drainage  material  must  not  be  introduced  within  the 
synovial  cavity,  gauze  should  never  be  employed.  Infected  joints 
can  be  sterilized  with  the  chlorine  antiseptics  and  delayed  primar)' 
and  secondary  suture  practiced.  Willems  insists  upon  the  active 
movement  of  open  suppurating  joints  to  facilitate  the  drainage  of 
the  purulent  discharge  and  prevent  the  forniation  of  adhesions. 
It  has  been  most  successful  in  the  large  joints  as  the  knee  and 
shoulder.  If  the  joint  is  wounded  by  an  instrument  which  is  known 
to  be  grossly  infected,  one  should  not  wait  for  the  appearance  of  septic 
symptoms,  but  open,  disinfect,  and  drain  the  joint  at  once. 
Resection  or  amputation  may  be  necessary  if  severe  constitutional 
symptoms  continue. 

A  sprain  has  been  defined  as  a  self-reduced  dislocation.  As  the 
result  of  a  twist,  some  fibers  of  the  ligaments  are  stretched  or  lac- 
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Fig.    231. — Strapping  of  the  ankle. 
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era  ted  and  the  synovial  membrane  contused.  The  symptoms  are 
severe  pain,  tenderness,  swelling  of  the  joint  from  effusion  of  blood 
and  lymph,  loss  of  function,  and  in  some  instances  shock.  Many 
cases  of  fractures  about  joints  have  in  the  past  been  diagnosticated 
as  sprains.  If  the  swelling  is  great,  fracture  can  be  excluded  only  by 
the  X-ray. 

The  treatment  during  the  first  twenty-four  hours  is  elastic  com- 
pression, and  cold  in  the  form  of  an  ice  bag  or  evaporating  lotion, 
thus  limiting  effusion.  Compression  is  best  made  with  a  firm  band- 
age over  a  layer  of  cotton.  If  the  effusion  is  excessive,  aspiration 
should  be  considered.  Later  absorption  should  be  promoted  by 
heat  and  massage.  The  joint  should  be  kept  at  rest  until  the  pain 
and  swelling  have  disappeared.  Compression  with  a  certain  degree  of 
fixation  may  be  obtained  by  applying  overlapping  strips  of  adhesive 
plaster  around  the  joint  as  shown  in  Fig.  231,  Subsequent  stiffness 
may  be  relieved  by  the  hot  air  treatment  and  by  frictions  with 
stimulating  liniments.  The  prognosis  is  good  in  uncomplicated 
cases;  suppuration  is  rare,  although  tuberculosis  may  occur  in  those 
prone  to  this  disease,  and  persistent  pain  and  stiffness  are  common  in 
the  gouty  and  rheumatic  and  in  the  old.  Absorption  of  the  head  of 
the  femur  may  occur  after  sprain  of  the  hip.  Ankylosis  is  the  chief 
danger. 

DISLOCATIONS 

A  dislocation,  or  luxation,  is  an  abnormal  displacement  of  the 
articular  end  of  a  bone.  Dislocations  may  be  congenital  or  ac- 
quired, and  the  latter  may  be  traumatic  or  spontaneous  (patholog- 
ical) . 

Congenital  dislocations  are  usually  due  to  defective  development, 
although  it  is  possible  that  a  few  are  due  to  violence  to  the  mother's 
abdomen  during  pregnancy,  or  to  a  vicious  position  of  the  child  in 
the  uterus,  the  result  of  tumors,  etc.  Although  various  joints  may 
be  affected  in  this  way,  in  90  per  cent,  of  the  cases  the  hip  is  involved. 

Congenital  dislocation  of  the  hip  is  more  frequent  in  females,  both 
or  more  commonly  one  joint  being  involved.  Damany  states  that 
the  luxation  rarely  exists  at  the  time  of  birth,  but  occurs  during  the 
first  year  of  life,  owing  to  an  increased  forward  obliquity  of  the 
acetabulum  and  an  exaggeration  of  the  normal  torsion  of  the  femur, 
thus  causing  a  progressive  displacement  of  the  head  of  the  femur 
when  the  thighs  are  extended.  However  this  may  be,  congenital 
dislocation  of  the  hip  is  seldom  recognized  until  the  child  begins  to 
walk.    The  dislocation  causes  atrophy  of  the  abandoned  acetabu- 
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lum,  stretching  or  rupture  of  the  round  ligament,  shortenii 
anteversion  of  the  neck  of  the  femur,  flattening  of  the  head 
bone  from  before  backwards,  and  elongation  with  occas 
hour-glass  constriction  of  the  capsule  of  the  joint.  The  1 
atrophied  and  the  muscles  altered  in  length.  The  head  of  th 
almost  invarial^ly  passes  onto  the  dorsum  of  the  ilium,  thus  ( 
shortening  with  flexion  and  adduction  of  the  thigh,  comper 
obliquity  of  the  pelvis,  and  anterior  curvature  of  the  lumba 
(Fig.  232).  In  bilateral  dislocation  there  is  a  peculiar  wa 
gait,  in  unilateral  cases  there  is  li 
and  associated  scoliosis.  In  eari) 
the  length  of  the  limb  may  be  resto 
traction. 

The  treatment,  when  the  condi 
recognized  before  the  child  begins  I 
and  before  marked  changesin  the  sofi 
tures  occur,  is  continuous  traction 
limb  to  bring  the  head  of  the  bom 
to  the  acetabulum,  while  the  limb  i 
in  abduction  and  pressure  is  mad 
the  great  trochanter.  This  tret 
must  be  continued  for  six  mootfa 
year.  At  a  later  period,  up  to  four 
years  in  bilateral  cases  and  about 
years  in  unilateral  cases,  the  Lorern 
less  method  may  be  tried.  The  aul 
this  method  claims  50  per  cent,  an. 
cures.  Under  anesthesia  the  sho 
muscles  are  stretched  by  tle.xion,  exti 
and  abduction  of  the  thigh,  during  t 
Fig.  a3|..-Biktcrai congenital  ^f  ^hlch  the  adductor  muscles  are  1 
dislocation  ot  hii).     (Hopkins.)  ' 

fully  kneaded.  The  head  of  the  t 
then  drawn  down  to  the  level  of  the  acetabulum  by  traction 
leg.  and  the  thigh  flexed  on  the  abdomen,  rotated  internally,  abd 
and  finally  rotated  outwards  while  pressure  is  made  on  the  trod 
With  the  limb  in  flexion,  abduction,  and  eversion,  a  plaster-o 
cast  is  applied  to  the  pelvis  and  thigh  as  far  as  the  knee, 
child  is  allowed  to  walk  with  the  limb  in  this  position  in  01 
deepen  the  acetabulum.  At  the  end  of  three  months  the  cas 
moved,  the  flexion  and  abduction  lessened,  and  another  cast ; 
for  three  more  months. 

In  children  too  old  for  the  bloodless  method  Hoffa  and  ] 


iveeach  devised  a  bloody  method.  The  former  opens  the  joint  by  an 
cision  similar  to  that  of  Langenbeck  in  resection  of  the  hip,  severs 
lortened  fibers  of  muscle  and  fascia,  enlarges  the  acetabulum  with  a 
Hige,  reduces  the  dislocation,  fixes  the  limb  in  eversion  and  abduc- 
Mi  for  a  few  weeks,  and  finally  straightens  the  limb.  Lorenz  opens 
c  joint  from  in  front,  does  not  cut  the  muscles,  but  severs  the  ham- 
rings  if  necessary.     The  rest  of  the  operation  is  much  the  same 

that  of  Hoffa. 

Pathological  dMocations  occur  from  slight  force  or  spontaneously, 

the  result  of  disease,  such  as  tuberculosis,  osteoarthritis.  Charcot's 
sease,  and  unopposed  action  of  muscles  in  paralysis.  Those 
curring  in  the  course  of  fevers  (Fig.  233)  are  due  to  distention  of 
e  joint,  and  are  most  frequent  at  the  hip,  owing  to  habitual  flexion 

the  thighs  in  bed. 


Traumatic  dislocations,  like  fractures,  may  he  simple  (dosed) , 
iipound  (open),  complete,  incomplete  {subluxation),  or  complicated 
ssocialed  with  injury  of  the  soft  parts,  vessels,  nerves,  or  viscera), 
fracture-dislocation  is  one  associated  with  a  fracture  entering  the 
at  fFig.  219). 

The  causes  of  traumatic  dislocations  arc  predisposing  and  excit- 
'•  The  predisposing  causes  are  powerful  muscular  development, 
us  dislocations  are  more  frequent  in  males  and  in  middle  life; 
Pupations  which  demand  hard  labor  and  exposure  to  injury; 
ucture  and  situation  of  the  joint,  e.g.,  the  shoulder,  which  is  a  ball 
i  socket  joint  and  exposed  to  many  injuries;  and  diseases  or  pre- 
'us  injuries  of  joints  which  relax  the  ligaments  or  markedly  alter 
;  axis  of  the  limb.  The  exciting  causes  are  external  violence 
rect,  or  more  commonly,  indirect)  and  muscular  action. 
The  pathology  consists  of  a  tearing  of  the  ligaments  and  fre- 
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quently  of  the  soft  structures  around  the  joint,  owing  to  the  displace- 
ment of  the  articulating  surfaces;  effusion  of  blood  into  and  about  the 
joint;  contusion  of  the  synovial  membrane  and  articular  cartilages; 
and  occasionally  fracture,  or  compression  or  rupture  of  important 
nerves,  vessels,  or  viscera.  If  the  dislocation  is  reduced,  the  subse- 
quent traumatic  inflammation  subsides  with  or  without  adhesions. 
If  the  torn  ligaments  are  not  fully  repaired,  there  is  a  predisposition 
to  the  recurrence  of  the  dislocation.  In  an  unreduced  dislocation 
the  organization  of  the  effused  blood  and  exudate  fills  the  normal 
articular  cavity  with  fibrous  tissue  and  fixes  the  head  in  its  new 
situation,  where,  if  persistent  movements  are  made,  it  may  form  a 
pseudoarthrosis.  The  displaced  head  becomes  more  or  less  deformed, 
and  wears  a  hollow  in  the  bone  on  which  it  rests.  The  surrounding 
muscles  atrophy,  and  are  altered  in  length  to  accommodate  them- 
selves to  the  new  position  of  the  limb. 

The  symptoms  are  pain,  swelling,  ecchymosis,  rigidity  of  the 
muscles,  loss  of  function,  and  deformity,  as  evidenced 
by  the  alteration  in  the  axis  and  length  of  the  limb, 
by  the  disturbed  relations  of  the  bony  prominences 
about  the  joint,  and  by  feeling  or  seeing,  with  or  with- 
FiG.  234.        out  the  X-ray,  the  empty  articular  cavity  and  the 

itc  .  displaced  bone  in  its  new  situation. 
The  treatment  is  (i)  reduction,  (2)  retention,  (3)  restoration  of 
function,  (i)  Reduction  should  be  made  at  the  earliest  possible 
period  by  manipulation  or  extension,  with  or  without  anesthesia 
according  to  the  difficulties  encountered.  Manipulation  consists  in 
such  movements  of  the  limb  as  will  cause  the  dislocated  bone  to 
reenter  the  joint  by  the  path  through  the  torn  capsule  which  it  has 
already  traversed,  hence  it  should  be  employed  whenever  possible, 
because  but  little  additional  injury  is  inflicted  upon  the  tissues. 
Extension,  or  more  commonly  extension  and  counterex tension,  are 
used  to  draw  the  dislocated  bone  into  place  despite  the  resistance  of 
muscles  and  other  structures.  Extension  is  made  by  the  hands  of  the 
surgeon,  by  a  broad  band  fastened  about  the  extremity  in  a  clove- 
hitch  (Fig.  234)  and  passed  around  the  waist  or  shoulders  of  the 
surgeon,  or,  much  more  rarely,  by  compound  pulleys.  Counter' 
extension  is  obtained  by  the  hands  of  an  assistant,  by  a  broad  band 
or  by  the  knee  or  the  foot  of  the  surgeon.  The  application  of  great 
force,  however,  is  very  dangerous,  and  if  sufficient  relaxation  cannot 
be  obtained  with  ether,  reduction  through  an  incision  should  be 
employed.  The  bone  usually  goes  back  into  place  with  an  audible 
snap.     (2)  After  reduction  the  joint  is  immobilized  until  the  lacera- 
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:ion  in  the  capsule  has  healed.  (3)  During  the  first  twenty-four 
lours  compression  with  a  bandage  and  the  application  of  evaporating 
otions  or  an  ice  bag  serve  to  limit  the  swelling.  Subsequently 
ibsorption  is  hastened  by  massage,  heat,  and  liniments,  and  at  the 
ad  of  from  ten  days  to  two  weeks  passive  motions  are  begun. 

Compound  dislocations  are  very  grave  injuries,  which  require 
the  same  care  as  compound  fractures  (page  384).  The  supervention 
)f  sepsis  may  necessitate  resection  or  amputation.  The  treatment 
}f  fracture  near  a  dislocated  joint  has  already  been  discussed. 

Old  unreduced  dislocations  are  difficult  to  treat  owing  to  the  firm 
idhesions  which  anchor  the  bone  in  its  new  position.  There  is  no 
ixed  rule  as  to  the  time  when  reduction  should  no  longer  be  at- 
tempted, as  replacement  may  be  effected  sometimes  after  a  number 
of  months  have  elapsed.  A  general  rule  is  to  attempt  reduction 
under  anesthesia  without  the  use  of  too  great  force,  as  such  may 
seriously  injure  important  vessels  or  nerves,  or  result  in  fracture; 
if  reduction  is  not  successful  and  the  limb  is  incapacitated  by  pain 
or  marked  limitation  of  motion,  the  joint  should  be  opened  and  the 
bone  replaced,  or  in  some  cases  the  head  of  the  bone  excised.  In 
joints  in  which  bloodless  reduction  has  not  been  successful,  but  in 
i^hich  there  is  fair  motion  and  little  or  no  pain,  operation  should  not 
i>e  undertaken,  since  persistent  movements  may  result  in  a  fairly 
Jseful  pseudoarthrosis. 

SPECIAL  DISLOCATIONS 

The  lower  jaw  may  be  dislocated  upwards,  the  condyle  entering 
ie  cranial  cavity,  or  backwards;  but  these  are  extremely  rare  and 
ie  usual  displacement  is  forwards,  either  one  or  much  more  com- 
monly both  sides  being  affected.  The  condyles  pass  forward  over 
ie  eminentia  articularis  into  the  zygomatic  fossa,  as  the  result  of 
>lows  on  the  chin,  or  contraction  of  the  external  pterygoids  when  the 
^onth  is  opened  in  yawning,  vomiting,  trying  to  take  a  big  bite,  etc. 

The  symptoms  are  an  open  mouth  which  cannot  be  closed,  pro- 
lection  of  the  lower  jaw  forwards,  drooling  of  saliva,  and  some  inter- 
ference with  speech  and  swallowing.  The  condyles  may  be  felt 
^teriorly  and  there  is  an  abnormal  depression  in  front  of  the  tragus. 
^  the  unilateral  variety  the  symptoms  are  less  pronounced  and  the 
diin  passes  towards  the  sound  side. 

The  treatment  is  pressure  downwards  and  backwards  on  the  last 
wer  molar  teeth  with  the  thumbs,  protected  by  bandages,  while 
tbechin  is  elevated  with  the  fingers.     The  mouth  should  be  kept  shut 
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by  a  Barton  bandage  for  two  weeks,  after  which  the  patient  should 
be  cautioned  against  opening  the  mouth  too  widely.  In  old  cases 
excision  of  the  condyle  may  be  indicated. 

The  sternal  end  of  the  clavicle  may  be  dislocated  forward,  back- 
ward, or  upward. 

Forward  dislocation  is  caused  by  violence  which  pushes  or  pulls 
the  shoulder  backwards.  The  end  of  the  bone  is  in  front  of  the 
sternum,  the  acromion  process  nearer  the  middle  line,  and  the 
clavicular  head  of  the  sternomastoid  unduly  prominent.  Reduction 
is  effected  by  pulling  the  shoulders  backwards  while  the  knee  is 
placed  between  the  scapulae  and  pressure  is  made  upon  the  displaced 
bone.  A  pad  is  fixed  over  the  joint  by  adhesive  plaster  and  the 
shoulders  are  pulled  backwards  by  a  posterior  figure-of-8  bandage; 
recumbency  is  a  great  aid  to  the  maintenance  of  reduction.  The 
dressing  should  be  worn  for  one  month,  and  even  then  some  degree 
of  displacement  is  likely  to  remain. 

Backward  dislocation  is  rare,  and  is  caused  by  direct  violence, 
or  by  a  forcing  of  the  shoulder  forwards  and  inwards.  The  head  of 
the  bone  lies  behind  the  sternum,  a  depression  exists  over  the  joint, 
the  acromion  is  nearer  the  middle  line,  movements  of  the  head  and 
neck  are  painful  or  impossible,  and  occasionally  there  are  dyspnea, 
dysphagia,  or  congestion  of  the  head,  from  pressure  upon  the  trachea, 
esophagus,  or  blood  vessels.  Reduction  and  treatment  are  the 
same  as  those  for  forward  dislocation,  except  that  pressure  is  not 
made  on  the  head  of  the  displaced  bone.  If  reduction  cannot  be 
promptly  made  in  cases  with  serious  pressure  symptoms,  the  head  of 
the  bone  may  be  excised,  or  wired  in  place. 

Upward  dislocation  is  very  rare,  and  is  caused  by  violent  depres- 
sion of  the  shoulder.  The  head  of  the  bone  may  be  felt  in  its  new 
situation,  where  it  may  press  upon  the  esophagus  or  trachea.  The 
shoulder  falls  downwards  and  inwards.  The  bone  is  replaced  by 
pressing  the  elbow  inwards  over  a  pad  in  the  axilla,  while  downward 
pressure  is  made  on  the  head  of  the  bone.  The  limb  is  bandaged  to 
the  side  in  this  position  for  several  weeks. 

The  acromial  end  of  the  clavicle  may  be  dislocated  downwards, 
but  the  usual  displacement  is  upwards.  The  cause  is  violence  to  the 
shoulder.  In  dislocation  upwards  the  outer  end  of  the  clavicle  is 
prominent,  the  shoulder  passes  downwards  and  inwards,  and  its 
movements  are  limited.  Dislocation  downwards  causes  a  depression 
over  the  joint  and  a  prominence  of  the  acromion.  The  shoulders 
should  be  pulled  backwards,  and  pressure  made  upon  the  outer  end 
of  the  clavicle  or  upon  the  acromion  according  to  the  displacement. 
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A  bandage  or  adhesive  strap  is  then  passed  over  the  shoulder  and 
under  the  elbow,  and  held  in  place  by  a  band  passing  around  the 
chest.  Some  deformity  is  very  apt  to  persist,  and  in  bad  cases 
suturing  of  the  bones  with  silver  wire  or  kangaroo  tendon  should  be 
ronsidered. 

Dislocation  of  the  lower  end  of  the  scapula  (see  scapulum  alatum) . 

Dislocation  of  the  shoulder  is  the  most  frequent  of  all  dislocations, 
)wing  to  the  exposed  position  and  great  mobility  of  the  joint,  and 
the  disproportion  between  the  head  of  the  humerus  and  the  depth 
of  the  glenoid  cavity.  A  fall  upon  the  outstretched  hand  or  elbow 
is  the  usual  cause.  As  a  rule  the  head  of  the  bone  is  forced  through 
the  weakest  portion  of  the  capsule,  i.e.,  the  lower  and  inner  part, 
into  the  axilla;  it  remains  in  this  situation  {subglenoid) ,  or,  as  the 
result  of  muscular  action  or  the  direction  of  the  force,  passes  back- 
wards and  downwards  beneath  the  spine  of  the  scapula  (subspinous)  y 
forwards  and  upwards  beneath  the  clavicle  (subclavicular),  or  most 
commonly  three-fourths  of  all  the  cases)  forwards  and  downwards 
beneath  the  coracoid  process  (subcoracoid) .  The  subclavicular, 
subcoracoid,  and  subspinous  dislocations  may,  however,  be  primary, 

■ 

>.e.,  the  head  of  the  bone  may  pass  directly  to  its  new  situation  with- 
out first  entering  the  axilla.  Two  other  forms,  which  are  very  rare, 
fnay  be  mentioned,  viz.,  the  supracoracoid,  in  which  the  head  of  the 
iumerus  passes  above  the  coracoid  and  usually  fractures  it  or  the 
icromion  process,  and  luxatio  erecta,  in  which  the  head  of  the  bone 
ies  in  the  axilla,  but  the  humerus  projects  upwards  against  the  head 
)f  the  patient. 

The  symptoms  of  all  varieties  of  dislocation  of  the  shoulder  except 
uxatio  erecta  are  (i)  pain,  swelling,  rigidity,  ecchymosis,  and  loss  of 
unction;  (2)  flattening  of  the  shoulder  and  prominence  of  the  dscro- 
nion  process  (Fig.  235),  so  that  a  ruler  can  be  made  to  touch  the 
icromion  process  and  the  external  condyle  at  the  same  time;  (3) 

1  hard  swelling  in  the  situation  abnormally  occupied  by  the  head  of 
he  bone;  (4)  Dugas'  sign,  i.e.,  projection  of  the  elbow  from  the  side 
*'hen  the  hand  is  on  the  opposite  shoulder,  and  inability  to  place  the 
land  on  the  opposite  shoulder  when  the  elbow  is  forced  against  the  side 
this  may  be  absent  in  some  subcoracoid  dislocations) ;  (5)  increase  in 
he  vertical  measurement  around  the  axilla  (Callaway's  sign)  with 
>wering  of  one  of  the  axillary  folds  (Bryant's  sign) ;  and  (6)  dis- 
lacement  as  shown  by  the  X-ray.     The  variety  of  dislocation  may 

2  diagnosticated  by  the  situation  of  the  head  of  the  bone;  by  the 
OS  of  the  limb,  the  elbow  projecting  from  the  side  in  all  instances, 
It  decidedly   backwards   in   the  subcoracoid  and  subclavicular 


460  MANUAL    U?    SIROERY 

forms,  slightly  biickwards  in  the  sub('Ifni-ii<l.  and  forwards  in  the 
subspinous;  by  the  length  of  the  limb,  which  is  lessened  in  ihc  sub- 
clavicular, increased  very  little  if  at  all  in  the  subcoracoid.  slighllv 
increased  in  the  subspinous,  and  deci<iedly  increased  in  the  sub- 
glenoid; an<l  by  the  X-ray.  Rupture  or  compression  of  the  axilian 
vessels  or  brachial  plexus  may  occur.  Subluxation  of  the  shouldc 
is  a  condition  in  which  the  head  of  the  bone  passes  forwards,  owini 
to  rupture  or  displacement  of  the  long  head  of  the  biceps. 

The  treatment  is  reduction  by  manipulation  or  extension,  eniplo) 
ing  ether  if    much  difficulty  is  encountered.     Kocher's  meilioi 


of  the  shoulder. 


useful  in  forward  dislocations.  The  elbow  is  flexed  to  a  right  an) 
and  pressed  to  the  side.  External  rotation  is  then  performed 
abducting  the  forearm  until  it  is  at  a  right  angle  with  the  sagital  pla 
of  the  body.  If  this  does  not  cause  reduction,  the  elbow  is  drai 
forwards  until  the  arm  is  at  a  right  angle  with  the  coronal  plane 
the  body,  and  internal  rotation  performed  by  placing  the  hand 
the  sound  shoulder  and  the  elbow  in  contact  with  the  chest.  I 
ternal  rotation  relaxes  the  posterior  untorn  portion  of  the  capst 
which  lies  across  the  glenoid  cavity,  and  causes  the  opening  in  I 
capsule  to  gap.  When  the  elbow  is  carried  forward,  the  caps' 
above  the  rent  is  relaxed,  and  the  lower  margin  of  the  opening  a 
as  a  taut  band  which  directs  the  head  of  the  bone  into  the  glen 
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cavity.  The  method  should  not  be  used  if  there  is  great  resistance 
to  external  rotation,  as  in  such  instances  the  neck  of  the  bone  may  be 
broken.  In  Smith's  method,  for  anterior  dislocation,  the  surgeon 
stands  in  front  of  the  patient  and,  if  the  left  humerus  is  dislocated 
grasps  the  shoulder  with  his  left  hand,  the  fingers  resting  on  the 
scapula  and  the  thumb  on  the  head  of  the  bone.  With  the  right 
hand  the  elbow  is  abducted  to  a  right  angle;  extended,  everted,  and 
carried  towards  the  sternum  while  pressure  is  made  on  the  head  of 
the  bune.  For  the  right  shoulder  the  position  of  the  surgeon's 
hands  is  reversed.  In  subspinous  dislocation  the  surgeon  stands 
behind  the  patient  and  in  a  similar  manner  abducts  and  extends  the 
arm;  external  rotation  is  then  performed,  and  the  elbow  carried 
towards  the  spine  while  the  thumb  presses  the  bone  forwards  into 
the  j^oid  cavity.  In  reduction  by  extension  the  patient  lies 
down,  and  the  arm  is  pulled  directly  outwards  while  counterextension 
is  nuuk  by  placing  the  unshoed  foot  against  the  chest  close  to  the 
head  of  the  bone.  If  this  fails,  the  arm  is  carried  downwards  while 
the  foot  is  used  as  a  fulcrum  to  drive  the  head  of  the  bone  into 
place.  Some  surgeons  make  the  extension  downwards,  others  place 
thefoot  over  the  acromion  and  pull  the  arm  above  the  head.  Cooper's 
fuethai  consists  in  placing  the  knee  in  the  axilla  of  a  sitting  patient 
and  forcing  the  elbow  to  the  side.  In  all  methods  of  extension,  and 
particularly  in  the  vertical  form,  there  is  danger  of  injury  to  the 
axillary  nerves  or  vessels.  After  reduction  the  joint  should  be 
immobilized  for  a  week  or  ten  days  by  a  Velpeau  bandage. 

Rtfmrreni  dislocation  of  the  shoulder  is  due  to  relaxation  of  the 

capsule  as  the  result  of  nonunion  of  the  laceration  in  it  or  stretching 

yf  the  cicatrix.     The  shoulder  may  be  strengthened  by  electricity, 

massage,  and  a  support,  or,  after  making  an  incision  similar  to  that 

recommended  for  excision  of  the  joint  the  gap  in  the  capsule  may  be 

sutured  or  the  capsule  reefed.     We  have  employed  Thomas's  incision 

for  capsulorrhaphy.     The  incision  is  made  in  the  axilla,  along  the 

anterior  border  of  the  coraco-bracialis,  which  with  the  biceps  and 

ptctoralis  major  is  retracted  outwards,  the  axillary  vessels  and  nerves, 

including  the  musculo-cutaneous  nerve  being  drawn  inwards.     The 

anterior  circumflex  vessels  are  ligatcd  and  cut,  and  about  half  the 

^'idth  of  the  subscapularis  divided,  care  being  taken  not  to  injure 

the  circumflex    nerve    or    the    posterior    circumflex    vessels.     The 

myeloplasty  of  Clairmont-Erlich  consists  in  wrapping  a  strip  of 

muscle,  taken  from  the  posterior  border  of  the  deltoid,  around  the 

inferior  part  of  the  capsule,  and  suturing  the  strip  to  the  anterior 

margin  of  the  deltoid. 
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Dislocations  of  the  elbow  are  most  frequent  in  children,  an 
caused  by  direct  or  indirect  violence.  In  dislocation  of  both  1 
of  the  forearm  the  displacement  may  be  backwards,  forward 
lateral. 

Dislocation  Ot  both  bones  backwards  is  the  most  frequent  va 
The  coronoid  process  lodges  in  the  olecranon  fossa,  the  forearm 
flexed,  midway  between  pronation  and  supination,  and  short 
Occasionally  the  coronoid  process  is  broken  (mobility  and  crep 
The  lower  end  of  the  humerus  displaces  the  artery  and  soft  ti 
forwards,  and  projects  at  or  below  the  crease  of  the  elbow;  thei 
ends  of  the  bones  of  the  forearm  form  a  projection  posteriorly 
the  relations  between  the  olecranon,  head  of  the  radius,  and  con^ 


Fio.  336. — Old  backward  disli 


are  markedly  altered  {Fig.  236).  For  diagnosis  see  fractures  a 
the  elbow.  The  treatment  is  reduction  by  strong  traction, 
flexion  of  the  forearm  across  the  knee,  which  is  placed  in  the  be 
the  elbow  while  the  patient  is  in  the  sitting  position  (Coc 
method).  The  arm  is  placed  in  the  Jones  position  for  a  week  ( 
days. 

Dislocation  of  both  bones  forwards  seldom  occurs  without 
ture  of  the  olecranon.  The  forearm  is  lengthened  and  flexed  ac 
normal  prominence  of  the  olecranon  is  absent.  The  treatttu 
pressure  downwards  on  the  bones  of  the  forearm  by  the  knee  i 
bend  of  the  elbow,  the  forearm  being  drawn  upon  and  flexed  b 
hand,  while  the  other  makes  forward  traction  on  the  humerus, 
arm  is  then  dressed  in  the  Jones  position  for  a  week  or  ten  days 
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Lateral  dislocation  of  both  bones,  either  outwards  or  inwards  is 
nfrequent  and  usually  incomplete.  In  either  instance  the  forearm 
s flexed  and  fixed,  and  the  joint  widened;  the  form  of  displacement  is 
ietermined  by  studying  the  relations  of  the  bony  landmarks  about 
ie  elbow.  Reduction  is  made  by  traction  on  the  forearm,  the 
ipper  end  of  which  is  pushed  inwards  or  outwards  according  to  the 
bnn  of  dislocation.  The  arm  should  be  placed  in  the  Jones  position 
or  a  week  or  ten  days. 

Dislocation  of  the  ulna  alone  is  rare,  and  can  occur  only  in  a 
i)ackward  direction;  the  forearm  is  flexed,  fixed,  and  pronated,  and 
the  olecranon  is  unduly  prominent.  The  treatment  is  the  same  as 
that  for  dislocation  of  both  bones  of  the  forearm  backwards. 

Dislocation  of  the  radius  alone  may  be  forwards,  backwards,  or 
outwards. 

Forward  dislocation  is  the  usual  variety;  it  results  from  a  fall  on 
the  hand  when  the  forearm  is  pronated  and  extended,  or  from  direct 
^^olence  to  the  posterior  part  of  the  joint.  The  forearm  is  midway 
between  pronation  and  supination,  and  cannot  be  flexed  beyond  a 
right  angle,  as  the  head  of  the  bone  strikes  the  lower  end  of  the  hum- 
erus. The  head  can  be  felt  rotating  beneath  the  skin,  and  a  depres- 
sion is  noticed  posteriorly  beneath  the  external  condyle.  Reduction 
is  the  same  as  that  for  dislocation  of  both  bones  forwards.  The  arm 
should  be  kept  in  the  Jones  position  for  several  weeks,  as  deformity 
is  likely  to  recur  owing  to  rupture  of  the  orbicular  ligament. 

Backward  dislocation  is  rare,  and  is  caused  by  a  fall  on  the  hand, 
or  a  blow  on  the  head  of  the  bone  from  the  front.  The  forearm  is 
flexed,  fixed,  and  pronated,  and  the  head  of  the  bone  can  be  felt 
rotating  behind  the  external  condyle.  Reduction  is  the  same  as 
that  for  both  bones  backwards,  the  arm  being  fixed  in  the  Jones 
position  for  several  weeks,  although  recurrence  of  the  deformity  is 
Qot  as  menacing  to  the  function  of  the  elbow  as  in  the  preceding 
dislocation. 

Outward  dislocation  is  very  rare.  The  head  of  the  bone  may  be 
felt  external  to  the  outer  condyle;  it  is  reduced  by  extension  and 
direct  pressure,  and  the  forearm  is  dressed  in  flexion. 

Dislocation  of  the  radius  forwards  and  uhia  backwards  is 
exceedingly  rare,  and  causes  great  deformity  and  impairment  of 
function. 

Subluxation  of  the  head  of  the  radius  occurs  in  children  as  the 
esult  of  a  forcible  pull  on  the  forearm.  The  head  of  the  bone  is 
i^laced  downward  and  a  fold  of  the  orbicular  ligament  becomes 
inched  in  the  joint.     The  forearm  is  flexed  pronated,  and  powerless, 
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and  pain  and  tenderness,  increased  by  supination,  exist  over  the 
head  of  the  radius.  The  forearm  should  be  forcibly  supinated  and 
then  flexed,  and  the  elbow  immobilized  for  a  few  days. 

Dislocation  of  the  wrist  is  rare,  but  may  follow  a  fall  on  the  hand 
or  direct  violence.  The  displacement  may  be  backwards  or  for- 
wards; the  deformity  of  the  former  resembles  CoUes'  fracture,  bul 
the  styloid  processes  of  the  ulna  and  radius  project  beneath  the  skir 
on  the  flexor  side  of  the  wrist,  and  their  relations  to  each  other  an 
not  disturbed.  In  forward  dislocation  the  deformity  is  reversed 
Reduction  is  effected  by  traction  on  the  hand  and  pressure  ovei 
the  deformity,  and  the  wrist  is  immobilized  on  a  Bond  splint  foi 
two  weeks. 

Dislocation  of  the  lower  end  of  the  ulna  forwards,  or  more  com 
monly  backwards,  occasionally  occurs  in  twists  of  the  forearm;  the 

deformity  is  readily  detected,  and  easily  re 
duced  by  extension  and  pressure.  The  fore- 
arm and  hand  should  be  splinted  for  several 
weeks. 

Dislocation  of  the  carpal  bones  is  un- 
common apart  from  crushes.  It  is  possible 
for  the  second  row  of  bones  to  be  dislocated 
backward  or  forwards  from  the  first,  or  for 
any  one  of  the  carpal  bones  to  be  individually 
dislocated.  The  most  frequent  injury  \^ 
anterior  dislocation  of  the  semilunar,  a  sort 
of  of  silver-fork  deformity  resulting,  owing  to 
the  prominence  of  the  os  magnum,  and  the 
depression  just  above  it  caused  by  the  forward  displacement  of  the 
semilunar,  which  is  felt  under  the  flexor  tendons  of  the  wrist.  The 
relations  between  the  styloid  processes  and  the  radius  are  unaltered 
although  the  distance  from  the  radial  styloid  to  the  base  of  the  firsi 
metacarpal  is  lessened.  Reduction  may  be  effected  by  hyperexten 
sion,  then  hyperflexion  over  the  thumbs  of  an  assistant,  which  pres 
on  the  semilunar  (Codman  and  Chase).  Excision  of  any  of  th 
bones  may  be  demanded  in  irreducible  dislocations. 

Dislocations  of  the  metacarpal  bones,  i.e.,  at  the  carpo-met 
carpal  joint,  are  infrequent.  The  metacarpal  bone  of  the  thumb 
the  one  most  frequently  displaced,  the  cause  being  powerful  flexii 
or  direct  violence.  The  base  of  the  bone  forms  a  posterior  prbn 
nence,  which  is  easily  reduced  but  hard  to  keep  in  place.  J 
adhesive  strap  should  be  put  over  the  joint,  and  the  thumb  fixed 
abduction  on  a  palmar  pjdlint  for  two  weeks  or  longer. 


Pig.     237. — Complete 
backward      dislocation 
thumb.     (Agnew.) 
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Dislocation  of  the  metacarpo-phalangeal  joints,  excepting  that  of 
the  thumb,  are  infrequent.  Forward  dislocations  are  readily  recog- 
nized and  easily  reduced.  Backward  dislocation  of  the  thumb  or  of 
any  of  the  fingers  is  often  difficult  to  reduce,  and  the  treatment  of  the 
former  will  serve  as  a  guide  for  that  of  the  latter.  There  are  three 
forms  of  backward  dislocation  of  the  thumb.  The  incomplete  some 
persons  are  able  to  produce  at  will  by  hyperextending  the  thumb  until 
it  forms  an  obtuse  or  even  a  right  angle  with  the  metacarpal  bone. 
The  complete  is  caused  by  forced  extension,  the  first  phalanx  project- 
ing backwards  at  a  right  angle,  the  terminal  phalanx  being  flexed,  and 
the  head  of  the  metacarpal  bone  forming  a  prominence  anteriorly 
(Fig.  237).  The  anterior  ligament  is  lacerated,  and  with  the  sesa- 
moid bone  is  pulled  up  on  the  posterior  surface  of  the  head  of  the 
metacarpal  bone,  the  long  flexor  tendon  slipping  to  the  inner  or  the 
outer  side.     The  complex  form  may  be  caused  by  flexion  of  the  thumb 


Fig.  238. 


Pigs.  238  and  239. — 


Fig.  239. 
■Levis  apparatus  for  dislocations  of  the  phalanges. 


in  attempts  to  reduce  the  complete  form.  The  thumb  is  parallel 
with,    but   posterior    to,    the   metacarpal    bone. 

Redtution  consists  in  increasing  the  extension,  making  strong 
traction,  pushing  the  base  of  the  thumb  downwards,  then  pressing 
on  the  head  of  the  metacarpal  bone  and  flexing  the  thumb.  If  this  is 
unsuccessful,  as  it  often  is,  a  palmar  incision  should  be  made  over  the 
head  of  the  metacarpal  bone  and  the  ligament  nicked  between  the 
sesamoid  bones,  when  replacement  will  be  easy.  A  splint  should  be 
used  for  at  least  three|^  weeks. 

Dislocation  of  the  phalanges  may  be  backwards,  forwards  or 
lateral.  Deformity  is  obvious  and  reduction  usually  easy.  In 
difficult  cases  a  firmer  grasp  on  the  finger  can  be  secured' by  the  Levis 
apparatus  (Figs.  238,  239).  The  fingers  should  be  splinted  for  one 
week. 

Dislocations  of  the  ribSy  costal  cartilages,  sternum  and  pelvis  are 
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very  rare,  and  give  the  same  signs  and  require  the  same  treatment  as 
fractures. 

Dislocations  of  the  hip  are  comparatively  infrequent  owing  to  the 
great  strength  of  the  joint.  The  cause  is  never  direct  \iolenc( 
but  always  force  transmitted  from  the  feet  or  knees,  or  fron 
the  back  when  the  hips  are  flexed.  After  the  fortieth  or  fiftietl 
year  dislocation  is  very  rare  owing  to  the  fragility  of  the  neck  of  th( 
femur,  which  predisposes  to  fracture.  The  upper  portion  of  the  hif 
joint  is  formed  by  the  rim  of  the  acetabulum;  the  capsule  is  marked!) 
strengthened  in  front  by  the  iliofemoral  or  Y-ligament  and  to  a  lessei 
degree  by  the  pubofemoral  ligament,  while  posteriorly  it  is  reinforced 
by  the  ischiofemoral  ligament;  hence  the  weakest  portion  of  the 
joint  is  below,  and  it  is  through  this  part  of  the  capsule  that  the  head 
of  the  bone  usually  passes  when  dislocated,  thence  passing  forwards 
or  backwards  according  to  the  presence  of  abduction  at  the  time  ol 
the  accident.  The  innominate  bone  is  made  of  two  planes,  the  ilio- 
ischiatic  and  the  pubo-ischiatic,  which  meet  and  form  a  right  angle 
at  a  line  drawn  from  the  anterior  superior  spine  of  the  ilium,  through 
the  acetabulum,  to  the  tuberosity  of  the  ischium.  When  the  headol 
the  femur  escapes  through  the  lower  portion  of  the  capsule,  it  slides 
off  this  angle  upon  one  or  the  other  of  these  planes,  according  to  the 
direction  of  the  force;  hence  all  dislocations  of  the  hip  are  either  in- 
ward {forward)  upon  the  pubo-ischiatic  plane  or  outward  {bacttvard 
or  dorsal)  upon  the  ilio-ischiatic  plane.  The  head  may  lie  upon  any 
portion  of  either  of  these  planes  within  a  circle  whose  radius  is  the 
untorn  portion  of  the  capsule;  consequently  Allis,  to  whom  belongs 
the  credit  for  working  out  this  problem,  subdivides  the  inward  dis- 
locations into  the  (a)  high  (public  and  subspinous  of  other  writers)  (b) 
middle  (thyroid  of  others),  (c)  low  (perineal  of  others),  and  (d) 
reversed;  and  he  divides  the  outward  or  dorsal  into  the  (a)  high  (on 
dorsum  of  ilium),  (b)  low  (sciatic,  or  dorsal  the  tendon  of  others) 
and  (c)  reversed  (everted  dorsal,  anterior  oblique,  and  supraspinous 
of  Bigelow).  In  three-fourths  of  the  cases  the  dislocation  is  out- 
wards, and  in  two-thirds  of  these  it  is  high,  i.e.,  upon  the  dorsum  of 
the  ilium;  of  the  inward  dislocations  the  middle  (into  the  thyroid 
foramen)  is  the  most  frequent.  Some  writers  state  that  the  head  ol 
the  bone  may  be  pushed  through  the  capsule,  e.g.,  by  force  applied 
to  the  knee  when  the  thigh  is  flexed  and  adducted,  directly  onto  the 
dorsum  of  the  iliiim,  but  Allis  explains  all  cases  by  leverage;  thui 
outward  dislocations  are  caused  by  flexion,  adduction,  and  inwar( 
rotation  of  the  thigh,  which  pry  the  head  out  of  the  place  by  the  ful 
crum  action  of  the  iliofemoral  ligament,  which  i>asses  across  the  fna 
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i[  the  neck  of  the  bone;  inward  dislocations  are  caused  by  abduction, 
he  head  of  the  bone  being  forced  out  of  the  socket  by  the  great 
jochanter  impinging  against  the  rim  of  the  acetabulum,  which  acts 
IS  the  fulcrum.  The  ligamentum  teres  is  of  course  ruptured.  If 
the  tear  in  the  capsule  is  close  to  the  femur,  its  infolding  may  oflfer 
an  obstacle  to  reduction.  The  Y-ligament  is  rarely  ruptured;  tear- 
ing of  its  outer  branch  permits  the  femur  to  rotate  externall)'  and 
results  in  reversed  (everted  dorsal)  dislocations.  If  the  entire  liga- 
ment is  ruptured,  the  head  of  the  bone  will  be 
freely  movable  instead  of  fixed.  The  muscles 
ibout  the  joint  are  contused  or  lacerated  to 
1  greater  or  lesser  degree.  Rupture  of  the 
obturator  internus  allows  the  head  of  the  bone 
toascend  and  become  high  dorsal  if  the  muscle 
rnnains  intact,  the  low  dorsal  (dorsal  below 
the  lendon)  will  likely  ensue.  It  is  possible, 
Iwwever,  for  the  head  to  leave  the  joint  above 
the  tendon  of  this  muscle,  or  leaving  it  lower 
iown  to  ascend  in  front  of  the  tendon.  The 
oatic  nerve  may  be  contused,  compressed 
M  lacerated,  but  the  femoral  vessels  are  very 
rarely  injured. 

In  dorsal  or  outward  dislocation  the  thigh 
5  flexed,  adducted,  rotated  internally,  and 
Jwrtened,  while  the  trochanter  is  above 
Vflaton's  line  and  farther  away  from  the 
Mdian  line  of  the  body,  so  that  the  hip  ap- 
tars  broadened.  A  depression  exists  over  the 
ront  of  the  joint  and  the  head  of  the  bone 
an  be  felt  posteriorly.  The  knee  is  flexed 
md  the  heel  raised.  Passive  movement  is 
possible  only  in  the  direction  of  deforr 
^  indeed  the  at^eCted  limb  can  be  flexed  to 

'tight  angle  with  the  body  without  bending  the  knee.  If  both 
liees  are  flexed  while  the  thighs  are  vertical,  the  patient  lying  down, 
it  foot  on  the  afTected  side  touches  the  bed.  In  the  high  dorsal 
fig.  340)  these  signs  are  ail  marked,  in  the  low  dorsal  they  are 
Ksin  evidence;  e.g.,  in  the  former  there  is  two  or  three  inches 
iwrtening,  the  axis  of  the  affected  thigh  passes  through  the  lower 
iird  of  the  sound  thigh,  the  foot  passes  over  the  sound  ankle; 
:  the  latter  the  shortening  i^  an  inch  or  less,  the  axis  of  the  femur 
lates  through  the  sound  knee,  the  foot  crosses  the  great  toe  of  the 


Pic.  »40. — High  dorsal 
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sound  side.  In  the  reversed  dorsal  the  lower  limb  is  rotated  exter- 
nally, instead  of  internally  owing  to  tearing  of  the  outer  branch  of 
the  Y-ligament.     For  diagnosis  from  fractures  see  p.  416. 

Reduction  should  be  performed  under  ether  with  the  patient 
lying  on  the  back.  Bigelow  ^s  method  consists  in  flexion  of  the  leg  on 
the  thigh  and  the  thigh  on  the  abdomen,  abduction,  inversion,  strong 
traction  upwards,  and  external  circumduction,  i.e.,  the  knee  is  swept 
upwards  towards  the  opposite  shoulder,  then  towards  the  shoulder 
of  the  same  side,  and  finally  downwards  with  the  limb  in  extension 
(Fig.  241).  As  there  is  some  danger  of  hooking  up  the  sciatic  nerve 
by  the  head  of  femur  in  this  method,  A  His  flexes  the  thigh,  performs 
internal  rotation  by  carrying  the  foot  outwards,  draws  the  thigh  up- 
wards to  lift  the  head  to  the  level  of  the  acetabulum,  and  has  an 

assistant  push  inwards  on  the  head  as  the 
thigh  is  rotated  externally  and  extended. 
In  this  method  it  is  necessary  to  fix  the 
pelvis  firmly  to  the  floor  by  straps  or  by  the 
hands  of  an  assistant.  Reduction  by  exteft- 
sion  is  made  by  traction  in  the  axis  of  the 
displaced  thigh  while  pressure  is  made  ovei 
the  great  trochanter.  Extension  by  pulley:: 
destined  to  rupture  the  Y-ligament  is  danger- 
ous and  should  not  be  employed.  After  re- 
duction the  patient  is  confined  to  bed  for 
two  or  three  weeks  with  the  legs  tied 
Pic.  241.  —  Bigelow 's  together. 
Sdo^cationofh^^^^  Inwatd  or   forward   dislocations  are 

characterized  by  flexion,  abduction,  and  ex- 
ternal rotation  of  the  thigh.  The  hip  is  flattened,  the  trochanter 
being  nearer  the  median  line;  the  acetabular  cavity  is  empty;  and 
the  head  of  the  bone  may  be  detected  in  its  new  position.  The 
adductor  muscles  are  prominent  and  the  knees  cannot  be  approx- 
imated. In  the  high  thyroid  dislocation,  i.e.,  upon  the  pubes  (Fig- 
242),  flexion  is  less  marked,  but  eversion  is  greater  and  the  linib  ^ 
shortened  about  one  inch;  in  the  low  thyroid  (Fig.  243)  flexion  is 
greater  and  the  limb  is  lengthened  one  or  more  inches.  In  the  re- 
versed thyroid  external  rotation  may  be  so  great  that  the  toes  poiD^ 
directly  backwards. 

In  the  reduction  of  inward  dislocations  Bigelow  advised  flexion  ol 
the  leg  and  thigh  as  in  the  treatment  of  dorsal  dislocation,  thci 
abduction,  eversion,  strong  traction  upwards,  and  internal  drcuntt 
duction,  i.e.,  the  knee  is  swept  upwards  towards  the  shoulder  of  th 
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same  side,  then  towards  the  opposite  shoulder,  and  finally  down- 
wards with  the  limb  in  extension  (Fig.  244).  Allis,  in  order  to  avoid 
injury  to  the  sciatic  nerve,  flexes  and  abducts  the  thigh,  makes  strong 


traction  upwards,  and  abducts  while  an  assistant  pushes  on  the  head 
of  the  femur.  Reduction  by  extension  alone  is  made  by  traction  in  the 
axis  of  the  displaced  thigh,  the  unshoed  foot 
being  placed  in  the  groin  for  counterexten- 
sion.  After  reduction  the  subsequent  treat- 
ment is  the  same  as  in  the  dorsal  variety. 

The  knee  may  be  dislocated  forward, 
backward,  inward,  or  outward,  and  these 
may  be  complete  or  incomplete,  the  symp- 
toms consequently  varying  in  degree.  The 
cause  is  violent  force,  either  direct  or  indirect. 

In  forward  dislocation  the  lower  end  of 
the  femur  passes  backwards  and  compresses      ^"'-  344  — Bigeiow"s 

■  ,.         ,  ,  ,1         .1  ■      ...       1  1      niPtlind  of  reclucitig  forward 

the  popUteal  vessels,  and  the  tibia  is  displaced    dislocation  ot  hip. 
forward.     The  leg  is  shortened  and  extended, 

although  it  may  be  flexed;  in  the  former  case  the  patella  is  loose. 
Backward  dislocationfis  more  frequently  due  to  disease  of  the  knee 
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joint  than  to  injury.  The  leg  is  shortened  and  usually  somewhat 
flexed,  and  compression  of  the  popliteal  vessels  or  nerves  is  generally 
absent.  Inward  and  outward  dislocations  are  usually  mcomplete. 
The  leg  is  partly  flexed  and  often  rotated,  but  not  shortened. 

Reduction  is  accomplished  by  traction  and  direct  pressure  while 
the  leg  is  extended  and  the  thigh  flexed.  The  knee  should  be  im- 
mobilized on  a  splint  for  three  weeks,  and  a  support  worn  for  some 
some    time   longer. 

Dislocations  of  the  patella  are  due  to  muscular  action  or  direct 
violence.  An  insidious  outward  dislocation  may  be  caused  by  knock- 
knees  or  hydrarthrosis.  The  patella  may  be  dislocated  upwards, 
downwards,  outwards,  or  inwards,  or  it  may  be  rotated  on  its  per- 
pendicular or  horizontal  axis,  or  there  may  be  a  combination  of  any 
of  these  varieties. 

Dislocation  upwards  or  downwards  is  due  to  rupture  of  the  liga- 
mentmn  patellae  or  the  quadriceps  tendon,  and  is  to  be  treated  as  a 
rupture  of  a  tendon. 

Outward  dislocation  is  the  most  frequent  variety;  it  usually 
occurs  when  the  limb  is  extended,  as  in  flexion  the  patella  is  firmly 
held  between  the  condyles  of  the  femur.  The  pattella  lies  upon  the 
anterior  or  outer  surface  of  the  external  condyle,  according  to  whether 
the  dislocation  is  incomplete  or  complete;  in  the  former  the  outer 
edge  projects  forward,  in  the  latter  the  inner  border  presents  in  front. 
The  leg  is  extended,  the  knee  broadened,  and  the  intercondyloid  notch 
perceptible.  Reduction  is  made  by  pressure  inwards  on  the  outer 
margin  of  the  patella  while  the  thigh  is  flexed  and  the  leg  extended  to 
relax  the  quadriceps.  Incision  is  needed  in  some  cases.  The  knee 
should  be  immobilized  for  several  weeks. 

Inward  dislocation  is  rare;  the  signs  and  the  treatment  are  the 
reverse  of  those  of  outward  dislocation. 

In  rotation  on  the  perpendicular  axis  (verticle  or  edgewise 
dislocation)  either  the  outer  or  the  inner  border  of  the  patella,  usually 
the  latter,  lies  between  the  condyles  while  the  opposite  border  pro- 
jects forward.  In  two  cases  the  bone  has  been  turned  over,  the 
articular  surface  looking  forwards.  Reduction  may  be  effected  by 
pressure  while  the  knee  is  extended,  but  is  often  more  difficult 
than  at  first  sight  appears,  and  incision  may  be  necessary. 

Rotation  on  the  horizontal  axis  ha:s  been  recorded  in  six  instances, 
and  the  author  has  seen  one  case  which  has  not  been  reported.  In 
five  of  these  the  tendon  of  the  quadriceps  was  torn  and  the  upper 
border  of  the  patella  wedged  between  the  femur  and  the  tibia,  in  two 
the  lower  edge  was  lorced  into  the  joint,  the  articulating  surface  of  the 
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>atella  looking  upwards.     In  five  cases  incision  was  necessary  to 
ree  the  patella. 

Dislocation  of  the  semilunar  cartilages  of  the  knee  joint  {subluxa- 
lion,  internal  derangement  of  the  knee  )  follows  a  twist  of  the  partly 
fleied  knee.  The  condyles  fix  the  cartilages,  which  are  torn  from  the 
tibia  by  rotation  of  the  leg,  the  attachments  ot  the  cartilages  to  the 
tibia  being  relaxed  when  the  knee  is  bent.  The  internal  cartilage 
is  the  one  usuaUy  affected.  Any  of  its  attachments  or  even  the 
cartilage  itself  may  be  ruptured. 

The  ^gmptoms  are  severe  pain  in  the  knee  and  effusion  into  the 
joint,  which  is  locked  in  flexion,  i.e.,  flexion  may  be  increased  but 
extension  is  impossible.  Sometimes  there  is  no  locking,  and  these 
cases  are  diagnosticated  sprains.  In  the  latter  tenderness  is  more 
generalized,  and  extension  may  relieve  rather  than  increase  the  pain. 
This  displaced  cartilage  is  occasionally  felt,  but  more  often  palpation 
^reVeal  nothing  but  marked  tenderness  along  the  front  of  the 
upper  surface  of  the  tibia.     Recurrences  are  frequent. 

tie  treatment  is  reduction  by  increasing  the  flexion,  rotating  the 
leg,  making  firm  pressure  over  the  situation  of  the  displaced  cartilage, 
and  extending  the  leg.  Often  spontaneous  reduction  occurs  before 
the  surgeon  is  caUed.  The  synovitis  should  be  treated  and  the  knee 
unmobilized  for  five  or  six  weeks.  In  order  to  prevent  recurrence  an 
elastic  knee  cap  should  be  worn  for  several  months.  If  relapses  are 
frequent,  a  brace  may  be  applied  which,  while  allowing  flexion  and 
extension,  prevents  rotation;  or  the  joint  may  be  opened  by  a 
curved  incision  along  the  upper  edge  of  the  tibia,  and  the  cartilages 
stitched  to  the  periosteum  with  catgut,  or  excised  if  they  are  ruptured 
or  deformed. 

The  fibula  may  be  dislocated  at  either  end,  either  backwards  or 
forwards.  The  injury  is  very  rare.  The  leg  is  flattened  from  side  to 
side  and  a  depression  is  found  over  the  end  of  the  bone,  which  is  felt 
in  Its  displaced  position.  Reduction  is  effected  by  flexion  of  the 
luiee^and  direct  pressure,  the  leg  being  put  up  in  plaster  of  Paris  for 
se\'^St*weeks.  At  the  upper  end  displacement  is  likely  to  recur 
^wing  to  the  contraction  of  the  biceps. 

Dislocations  of  the  ankle  joint  are  often  complicated  by  fracture, 
h  the  order  of  their  frequency  the  displacements  are  outwards, 
'nwards,  backwards,  forwards,  and  upwards. 

Lateral  dislocation  is  caused  by  a  twisting  or  turning  of  the  foot, 
Wd  the  resulting  injury  is  a  fracture  dislocation,  known  as  Pott's 
lacture  or  Dupuytren's  fracture,  (q.v.). 

Dislocation  backwards  is  caused  by  stumbling  when  jumping  or 
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running,  or  by  direct  violence;  both  malleoli  are  commonly  broken. 
The  heel  is  prominent,  the  dorsum  of  the  foot  shortened,  and  the 
relations  between  the  malleoli  and  the  tarsus  altered.  Forward 
dislocation  may  occur  without  fracture.  The  dorsum  of  the  foot 
is  lengthened,  the  heel  inconspicuous,  and  the  normal  hollow  in  front 
of  the  tendo  Achillis  bulged  by  the  tibia  and  fibula.  Both  these 
dislocations  are  reduced  by  strong  traction,  direct  pressure,  and 
rotation,  while  the  knee  is  bent  to  relax  the  tendo  Achillis,  which  in 
some  instances  it  may  be  necessary  to  sever.  The  after  treatment 
is  that  of  fractures  about  the  ankle. 

Upward  dilsocation  of  the  ankle  is  a  rare  injury  in  which  the 
astragalus  is  thrust  upward  between  the  tibia  and  fibula  as  the  result 
of  a  fall  upon  the  feet.  The  ankle  is  widened  and  the  foot  flattened, 
the  malleoli  having  descended  towards  the  sole  of  the  foot.  Reduc- 
tion is  made  by  powerful  traction  and  countertraction,  the  after 
treatment  being  that  of  fracture. 

In  dislocation  of  the  astragalus  the  bone,  as  the  result  of  falls  or 
twists,  is  detached  from  the  remaining  tarsal  bones  as  well  as  separ- 
ated from  the  bones  of  the  leg.  The  displacement  may  be  complete 
or  incomplete,  the  bone  passing  forwards  or  backwards  or  rotating 
upon  its  perpendicular  or  horizontal  axis;  or  these  lesions  may  be 
combined. 

In  forward  dislocation  the  astragalus  forms  a  prominence  in 
front  of  the  ankle,  the  dorsum  of  the  foot  and  the  leg  are  shortened, 
and  the  malleoli  are  nearer  the  sole  of  the  foot,  which  is  either  turned 
inwards  or  outwards.  In  backward  dislocation  the  astragalus  lies 
between  the  malleoli  and  the  tendo  Achillis.  If  either  horizontal  or 
vertical  rotary  dislocation  alone  occurs,  the  astragalus  simply 
rotates  without  being  displaced  from  between  the  bones  of  the  leg 
and  the  bones  of  the  foot,  a  positive  diagnosis  can  seldom  be  made 
without  the  X  ray. 

Reduction  if  the  bone  is  not  completely  displaced,  is  effected  by 
traction  on  the  foot  and  direct  pressure  on  the  astragalus  while  the 
knee  is  flexed  to  relax  the  calf  muscles.  If  the  dislocation  is  complete, 
reduction  is  rarely  possible,  and  excision  will  be  required. 

Subastragaloid  dislocation  is  a  disrupture  of  the  joints  between 
the  astragalus,  and  the  os  calcis  and  scaphoid,  as  the  result  of  twist- 
ing. It  is  possible  for  the  foot  to  pass  forward,  backward,  inward,  or 
outward,  but  in  most  instances  the  displacement  is  backwards,  or 
inwards,  or  backwards  and  outwards.  If  the  displacement  is 
backwards  and  inwards,  the  external  malleolus  is  prominent,  while  the 
situation  of  the  internal  is  occupied  by  a  hollow.     The  foot  is  inverted 
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and  the  astragalus  conspicuous,  thus  resembling  talipes  equino 
varus.  If  the  dislocation  is  backwards  and  outwards,  the  deformity 
is  the  reverse  of  the  preceding  form  and  resembles  talipes  equino 
valgus.  In  either  of  these  varieties  the  foot  is  shortened  on  the  dorsum 
and  the  heel  elongated,  while  the  tendo  Achillis  forms  a  curve 
which  is  concave  in  the  direction  of  the  displacement. 

Reduction  is  accomplished  by  traction  in  an  opposite  direction 
to  that  of  the  deformity,  the  leg  being  flexed  or  the  tendo  Achillis 

cut  to  secure  muscular  relaxation.     The  foot  and  ankle  are  put  in 

plaster  for  several  weeks. 
Dislocations  of  the  remaining  tarsal  bones  are  quite  rare,  and  are 

treated  by  extension  and  direct  pressure  upon  the  displaced  bone  or 

bones. 
Dislocations  of  the  metatarsal  bones  are  uncommon,  and  cause  a 

backward  or  forward  projection  with  shortening  of  one  toe,  if  one 

bone  is  dislocated,  or  shortening  of  the  entire  foot,  if  all  the  bones  are 

dislocated.     Reduction  is  made  by  extension  and  pressure,  a  splint 

w  a  cast  being  worn  for  two  or  three  weeks. 
Dislocations  of  the  toes  are  very  rare,  the  metatarso  phalangeal 

jomt  of  the  great  toe  being  affected  most  frequently.     The  symptoms 

and  treatment  are  similar  to  those  of  like  injuries  of  the  hand. 

DISEASES  OF  JOINTS 

fawmtnation  of  a  diseased  joint  should  be  preceded  by  obtaining 
•  the  history  of  the  patient  and  of  the  disease. 

The  cause  of  most  joint  affections  is  injury,  infection,  or  nervous 
<Hsturbances. 

If  the  cause  is  a  severe  injury  and  the  onset  immediate  the  condi- 
^Q  is  probably  a  sprain,  ruptured  ligament,  intraarticular  fracture 
^  a  dislocation.  A  trivial  injury  followed  by  immediate  distention  of 
*  joint  strongly  suggests  hemarthrosis  due  to  hemophilia.  A  trivial 
"^Jiiry  followed,  after  an  interval,  by  an  insidious  joint  disease  points 
^  tuberculosis. 

Infection  gains  entrance  through  a  wound,  extends  from  neigh- 
wring  structures  (most  often  bone),  or  comes  by  way  of  the  blood, 
H-*  in  pyemia,  syphilis,  gonorrhea,  tuberculosis  and  acute  fev^ers 
l^'ariola,  scarlet  fever,  enteric  fever,  measles,  erysipelas,  pneumonia, 
^•).  Gout  and  rheumatism  may,  at  least  for  convenience,  be 
placed  under  this  heading,  although  some  might  consider  "faulty 
^rtabolism"  a  more  appropriate  legend.  "Rheumatism"  is  a  com- 
mon designation  for  man/  cases  of  infective  arthritis,  the  source  of 
Afectioa  being  the  tonsil,  prostate,  etc.  (see  diagnosis  of  sepsis). 
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The  nervous  disorders  which  may  be  responsible  for  joint  disease 
are  central  (e.g.,  locomotor  ataxia,  syringomyelia),  peripheral 
(e.g.,  neuritis,  section  of  nerves),  or  emotional  (e.g.,  hysteria). 

As  the  nature  of  hemophilia  is  not  known,  it  will  not  fit  into  any  of 
these  classes. 

The  symptoms  of  a  general  nature,  when  present,  are  those  of 
sepsis  or  of  the  general  diseases  just  mentioned. 

The  local  symptoms  that  annoy  the  patient  are  pain  and  inter- 
ference with  the  Junction  of  the  joint.  If  these  are  intermittent  the 
trouble  may  be  due  to  a  dislocated  cartilage  or  a  loose  body;  if 
remittent  and  chronic  to  osteorathritis.  Chronicity  with  slow 
steady  progress  indicates  tuberculosis.  It  should  be  recalled  that 
pain  may  be  referred  to  distant  parts;  thus  hip  joint  disease  may 
cause  pain  in  the  knee,  disease  of  the  vertebral  joints  in  the  areas 
supplied  by  the  spinal  nerves.  A  number  of  joints  may  be  involved 
in  general  infections,  e.g.,  in  pyemia,  rheumatism,  gonorrhea,  osteoar- 
thritis, and  in  the  acute  infectious  fevers. 

In  the  local  examination  onQ  should  always  compare  the  joint 
with  that  of  the  opposite  side. 

The  position  of  the  joint  is  generally  one  of  flexion;  in  hysteria  it 
may  be  rigidly  extended. 

The  skin  may  be  white  in  tuberculosis,  ecchymotic  after  injuries, 
hyperemic  in  acute  inflanmiation.  Numbness  immediately  after 
trauma  may  be  due  to  local  shock;  persistent  anesthesia,  to  nerve 
injury  or  hysteria. 

The  amount  of  swelling  may  be  accurately  determined  with  a 
tape-measure,  being  careful  to  measure  the  corresponding  joints  on 
each  side  of  the  body  at  the  same  place  and  to  have  the  joints  in 
the  same  position.  The  situation,  shape,  and  consistency  of  the 
swelling  should  be  noted.  It  may  involve  thfe  joint  cavity  alone 
(synovitis),  or  also  the  ends  of  the  bones  (arthritis),  or  it  may  be 
extraarticular,  e.g.,  in  bursitis,  tenosynovitis,  cellulitis. 

Heat,  rednessy  and  edema  are  characteristic  of  acute  inflammation, 
some  times  induced,  however,  by  irritating  applications. 

Atrophy  of  neighboring  muscles  may  occur  in  any  case  of  long 
duration,  even  in  hysteria,  but  is  most  marked  in  osteoarthritis 
depending  upon  injury  or  inflammation  of  the  nerves  and  i^^ 
tuberculosis. 

Crepitus  on  pressure  or  motion  may  indicate,  by  its  characttf 
(p.  7),  blood  clot,  rice  bodies,  synovitis,  or  arthritis.    Its  enct  J 
situation  must  be  ascertained,  as  it  may  originate  in  adjacent  J 
bursas  or  tension  sheaths,  a  fact  that  can  sometimes  boelidfeedbyj 
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moving  the  bursa,  e.g.,  prepatellar  bursa,  or  the  tendons,  e.g., 
those  of  the  wrist,  without  moving  the  joint. 

Alteration  of  the  relations  of  the  bony  landmarks  about  a  joint 
indicates  fracture  or  dislocation,  either  of  which  may  be  the  result  of 
injur}'  or  disease. 

Motions,  both  active  and  passive,  are  usually  restricted  or  abolish- 
ed, but  occasionaUy  the  joint  may  be  abnormally  movable,  e.  g.,  in 
Qiarcot's  disease.  Caution  must  be  exercised  to  fix  adjacent  parts 
lest  their  movement  be  wrongly  interpreted  as  belonging  to  the  joint 
under  inspection,  thus  the  scapula  must  be  immobilized  in  examining 
the  shoulder  joint,  the  pelvis  in  examining  the  hip  joint. 

The  X-ray  may  show  distension  of  the  joint  cavity,  lesions  of  the 
cartilages  and  bones,  displacements,  movable  bodies  and  similar 
conditions. 

During  the  second  stage  of  general  anesthesia  rigidity  due  to 
voluntary  muscular  contraction  ceases,  e.g.,  in  hysteria  and  in  ma- 
lingerers, but  deep  anesthesia  is  necessary  to  relax  involuntary 
muscular  spasm.  Limitation  of  movements  after  complete  anesthesia 
indicates  ankylosis. 

Aspiration  is  indicated  when  the  nature  of  an  eflfusion  is  doubtful. 

Incision,  for  exploration,  should  be  reserved  for  cases  in  which  all 
other  methods  of  diagnosis  fail  and  in  which  the  disability  is  marked. 

Synovitis  is  inflammation  of  the  synovial  membrane  alone,  the 
remaining  structures  of  the  joint  being  unaffected.  It  may  be 
acute  or  chronic,  simple  or  suppurative. 

Acute  simple  synovitis  is  caused  by  a  closed  injury  (contusion, 
spram),  low  grade  infection,  or  nervous  influences  (p.  474).  The 
sjnovial  membrane  is  red  and  swoUen,  and  the  joint  is  distended 
with  fluid  consisting  of  synovia,  inflammatory  exudate,  and  some- 
times blood,  hence  it  is  coagulable.  Precipitated  lymph  may  be 
absorbed,  or  become  organized  and  result  in  adhesions. 

The  symptoms  are  pain,  tenderness,  increased  heat,  a  fluctuating 

swellmg,  and  in  some  cases  hyperemia  of  the  skin.     The  muscles 

fix  the  joint  in  the  most  comfortable  position,  usually  some  degree 

of  flexion,  in  which  position  there  is  more  room  for  the  fluid.     The 

effusion  stretches  the  softer  tissues  entering  into  the  formation 

of  the   joint    and    leaves    it  a  little  weakened   and   relaxed,   at 

least  temporarily.     The  constitutional  symptoms  vary  with  the  cause 

of  the  synovitis  and  the  size  of  the  joint.     Effusion  is  detected  in  the 

various  joints  as  follows:    The  shoulder  is  increased  in  size,  and 

swelling  may  be  noticed  along  the  bicipital  groove  and  in  the  axilla. 

In  sobdeltCHd  bursitis  axillary  swelling  is  absent,  and,  although 
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active  motions  are  painful,  gentle  passive  movements  of  the  should 
may  be  painless.  In  the  elbow  the  swelling  is  on  each  side  of  t 
olecranon  and  tendon  of  the  triceps.  In  the  urist  swelling  is  m( 
marked  posteriorly.  In  the  hip  effusion  is  usually  not  detect( 
but  reliance  is  placed  upon  the  tenderness,  limitations  of  movemei 
and  upon  the  position  of  the  thigh  in  flexion,  abduction,  and  exten 
rotation.  In  the  knee  swelling  is  detected  upon  each  side  of  t 
patella  and  its  ligament,  and  beneath  the  quadriceps.  The  patella 
floated  away  from  the  condyles,  and  if  tension  is  not  too  great  it  m 
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Fig.  244a. — Lateral  incisions  for  drainage 
of  knee  joint. 


Pig.  244b. — Posterior 
incisions  for  drainage  of 
knee  joint. 


be  pushed  backward  by  the  finger  and  made  to  tap  on  the  femur, 
the  ankle  fullness  may  be  seen  in  front,  but  is  most  in  evidence 
each  side  of  each  malleolus. 

The  treatment  is  immobilization  and  elevation  of  the  joint,  anc 
the  first  stage  cold  in  the  form  of  an  ice  bag  or  evaporating  loti 
later  absorption  should  be  promoted  by  the  use  of  heat,  compressi 
and  ointments  containing  ichthyol,  belladonna,  mercury,  or  io< 
If  the  effusion  is  large  or  unaffected  by  other  forms  of  treatn 
aspiration  may  be  advisable.  The  position  of  the  joint  should 
such  as  to  give  a  useful  Umb  even  in  the  event  of  ankylosis.    T 
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the  elbow  is  put  on  an  internal  angular  splint,  the  hip  and  knee  are 
fixed  in  extension,  the  wrist  midway  between  flexion  and  extension, 
the  ankle  at  a  right  angle,  and  the  shoulder  with  the  arm  to  the  side. 
Traction  by  means  of  adhesive  plaster,  as  for  fracture,  is  of  service 
when  the  hip  or  knee  is  involved.  During  the  convalescing  stage, 
liniments,  massage,  and  elastic  compression  are  useful.  As  soon  as 
the  inflammation  has  subsided  gentle  passive  motions  should  be 
started,  in  order  to  prevent  ankylosis. 

Acute  sufypurathre  synovitis  {empyema  of  a  joint)  may  be  a  later 
stage  of  simple  synovitis.  More  commonly  it  is  suppurative  from 
the  onset,  the  cause  being  an  open  wound,  neighboring  inflammatory 
process,  or  a  hematogenous  infection  (pyemia).  The  symptoms  are 
those  of  simple  synovitis,  but  more  intense,  and  accompanied  by 
marked  general  evidences  of  sepsis.  The  diagnosis  may  be  confirmed 
by  exploratory  puncture.  The  treatment  is  that  of  acute  suppurative 
arthritis,  into  which  untreated  suppurative  synovitis  merges. 

Chronic  simple  synovitis  follows  the  acute  form  or  is  chronic 
from  the  beginning.  The  synovial  membrane  is  thickened  and  the 
joint  contains  an  excess  of  fluid,  which,  when  large  in  quantity,  is  called 
hydrops  articuli.  The  symptoms  are  slight  pain  when  the  joint  is 
moved,  fluctuation  owing  to  the  presence  of  effusion,  weakness  with 
restriction  of  motion,  atrophy  of  neighboring  muscles,  and  in  some 
cases  cerpitus  on  pressure  or  when  the  thickened  layers  of  synovial 
membrane  are  rubbed  together  by  motions  of  the  joint.  In  some 
situations,  e.g.,  the  knee,  hypertrophied  synovial  fringes  may  be 
palpated. 

The  treatment  is  immobilization,  compression,  and  counterirrita- 
tion  with  blisters,  iodin,  or  occasionally  the  actual  cautery;  stimu- 
lating liniments  and  massage  are  useful,  as  an  ointment  containing 
equal  parts  of  ichthyol,  belladonna,  mercury,  and  lanolin.  Baking 
the  joint  by  means  of  a  hot-air  apparatus  or  radiant  heat,  usually 
gives  at  least  temporary  relief.  Aspiration  is  occasionally  employed. 
Arthrotomy  is  reserved  for  cases  which  resist  all  other  forms  of 
treatment.  In  these  cases  the  joint  is  irrigated  with  salt  solution 
and  hv-pertrophied  fringes  removed;  other  undiagnosticated  con- 
ditions, such  as  loose  bodies,  ruptured  or  inflamed  semilunar  car- 
tilages, lipoma  arborescens,  tuberculous  disease,  etc.,  may  be  found 
and  will  require  treatment.  Constitutional  treatment,  of  course 
should  be  administered  in  the  presence  of  any  diathesis. 

Chronic  suppurative  synovitis  is  usually,  a  legacy  of  the  acute 
form,  or  when  originating  insidiously,  due  to  syphilis  or  tuberculosis, 
under  which  headings  the  treatment  will  be  considered. 
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Arthritis  {panarthritis)  is  inflammation  of  not  only  the  synovial 
membrane,  but  also  the  cartilages,  bones,  and  ligaments  of  an  articu- 
lation, in  a  word  all  the  structures  of  a  joint.  Clinically,  arthritis  is 
distinguished  from  synovitis  by  the  tender,  swollen  articular  ends 
of  the  bones,  by  the  greater  pain  on  active  as  compared  with  passive 
motion,  and  in  the  later  stages,  after  the  cartilages  and  bones  have 
become  eroded,  by  starting  pains  p.  481),  by  cartilaginous  or  bony 
crepitus,  and  by  the  X-ray.  Arthritis  is  classified  like,  and  is  due 
to  the  same  causes  as,  synovitis. 

Acute  and  chronic  simple  arthritis  are  treated  like  acute  and 
chronic  simple  synovitis.  Joint  inflammations  occurring  during  or 
after  acute  infectious  fevers  commonly  terminate  without  suppura- 
tion the  symptoms  being  much  like  those  of  rheumatic  synovitis, 
one  or  several  joints  being  involved.  In  some  cases,  notably  in 
typhoid  arthritis,  there  is  little  pain,  although  dislocation  may  occur. 
In  some  cases  aspiration  of  the  joint,  with,  if  need  be,  microscopic 
examination  of  the  fluid,  will  reveal  the  presence  or  absence  of  pus. 

Acute  suppurative  arthritis  is  always  due  to  micro-organisms 
which  enter  the  joint  through  a  wound,  from  neighboring  tissues 
or  by  way  of  the  blood,  e.g.,  in  pyemia  and  acute  infectious  diseases. 
The  entire  joint  and  the  periarticular  structures  participate  in  the 
inflammation,  which  destroys  the  cartilages,  relaxes  the  ligaments 
(sometimes  permitting  luxation) ,  and  invades  the  neighboring  bone 
and  soft  structures. 

The  symptoms  are  great  pain  and  tenderness,  and  fixation  of  the 
joint,  which  is  hot,  swollen,  and  fluctuating.  There  are  redness 
and  edema  of  the  skin  and  severe  constitutional  symptoms  (septic 
intoxication  or  septicemia).  The  ends  of  the  bones  enlarge  (ostitis), 
and  finally,  in  progressing  cases,  ulcerate  (caries),  at  which  time 
starting  pains  (p.  481)  may  occur  and  osseous  crepitus  be  obtained. 
If  proper  treatment  is  withheld  and  the  patient  survive,  pus  per- 
forates the  capsule,  infiltrates  the  surrounding  tissues,  and  finally 
breaks  through  the  skin,  the  joint  becoming  abnormally  movable 
and  dislocated  to  a  greater  or  lesser  degree.  The  patient  may  die 
from  toxemia  during  the  acute  stage,  or  succumb  to  chronic  infection 
and  exhaustion  in  the  later  stages.  Should  recovery  ensue  ankylosis 
is  almost  inevitable. 

The  treatment  consists  in  freely  opening  the  joint,  irrigating 
with  salt  or  Dakin's  solution,  establishing  free  drainage,  institut- 
ing chemical  sterilization  p.  149-150-151  and  treating  constitutionally 
as  for  sepsis.  No  drainage  material,  i.e.,  rubber  tubing  or  gauze, 
should  be  introduced  into  the  synovial  sock.    Willems  institutes 
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LOtion  in  the  joint,  passive  and  active,  beginning  immediately  after 
peration.  Excision  or  amputation  will  be  required  if,  after  free 
rainage  septic  symptoms  threaten  life.  Murphy  treats  infective 
thritis  by  aspirating  the  fluid  and  injecting  lo  cc.  of  a  2  per  cent. 
flution  of  formalin  in  gylcerine.  This  procedure  is  repeated  every 
Biw  days  if  the  effusion  reappears.  Others  have  great,  and  we  think 
inwarranted,  faith  in  vaccine  therapy. 

Chronic  suppurative  arthritis  follows  the  acute  form,  or  is  due  to 
me  of  the  infective  granulomata,  notably  syphilis  or  tuberculosis 
[vide  infra). 

Pneumococcal  arthritis  is  due  to  pneumococcemia,  although  the 
(ffganism  is  not  always  recoverable  from  the  blood.  The  original 
infection  is  usually  a  lobar  pneumonia,  sometimes,  however,  a 
pneumococcal  meningitis  or  peritonitis ;  rarely  a  primary  focus  cannot 
be  found.  In  about  two-thirds  of  the  cases  only  one  joint,  usually 
the  knee,  is  affected.  The  effusion  may  be  serous,  but  is  generally 
purulent.  The  diagnosis  is  made  by  bacteriologic  examination  of 
the  aspirated  joint  fluid.  The  treatment  is  that  of  simple  or  sup- 
purative arthritis,  according  to  whether  the  fluid  is  serous  or  purulent. 

Gonorrheal  arthritis  (gonorrheal  rheumatism)  is  due  to  the  gonoco- 
ccus,  which  is  carried  by  way  of  the  blood  from  the  urethra,  or 
rarely  from  the  conjunctiva  in  gonorrheal  ophthalmia.  As  a  rule  it 
ai^ars  during  the  subsiding  stages  of  an  acute  gonorrhea  or  in 
dironic  cases.  Men  are  said  to  be  more  frequently  affected  than 
women,  but  this  is  probably  owing  to  the  fact  that  the  diagnosis  is 
seldom  made  in  the  latter.  One  or  several  joints  may  be  involved, 
generally  the  former,  the  knee,  ankle,  and  wrist  being  most  fre- 
quently affected.  The  inflammation  may  be  acute  or  chronic,  and 
varies  in  extent  as  well  as  in  degree.  Although  the  synovial  mem- 
brane alone  may  be  involved,  the  ligaments  and  periarticular  struc- 
tures are  very  apt  to  be  thickened  and  infiltrated.  Except  in  the 
mildest  cases,  the  pain  is  severe  and  there  is  fever.  Suppuration 
may  occur,  and  ankylosis  is  very  prone  to  follow  even  the  milder 
cases.  Endocarditis  and  like  complications  of  general  infection 
occasionally  occur.  In  doubtful  cases  some  of  the  fluid  from  the 
joint  may  be  secured  by  aspiration  for  bacteriological  examination. 
The  complement-fixation  test  for  gonorrhea,  if  positive  is  of  the 
greatest  value  in  many  obscure  articular  inflammations,  but  of  no 
iignificance  when  negative. 

The  treatment  is  unsatisfactory  the  disease  being  apt  to  persist 
r  recur.  The  urethritis  should  be  combated,  the  seminial  vesicles 
arefuUy  examined  and  drained  or  excised  if  necessary,  and  the 
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joints  immobilized  and  treated  locally  as  in  other  forms  of  arthritis. 
As  soon  as  the  pain  subsides,  passive  motions  should  be  employed 
to  prevent  ankylosis.  Among  the  internal  remedies  which  have 
been  used  are  the  salicylates,  iron,  quinin,  strychnin,  and  the  iodids. 
If  suppuration  occurs,  the  joint  should  be  opened,  irrigated,  and 
drained.  Rogers  and  Torrey  claim  good  results  from  the  hypoder- 
mic injection  of  an  antigonococcus  serum,  prepared  by  injecting 
cultures  of  the  gonococcus  into  rabbits.  From  twenty  to  sixty 
minims  are  administered  every  day  or  every  other  day  until  the 
pain  and  disabiUty  subside.  Vaccines  made  from  the  gonococcus 
also  have  been  employed. 

Syphilitic  gummatous  arthritis  occurs  in  the  tertiary  period. 
The  onset  is  insidious;  the  disease  begins  in  one  portion  of  the  joint, 
and  is  associated  with  but  little  pain.  If  unchecked  it  finally 
reaches  the  surface,  when  the  characteristic  gummatous  material  will 
be  exposed.  The  symmetrical  form  of  synovitis  occurring  in  the 
secondary  period  has  already  been  mentioned.  There  is  also  a  form 
of  gummatous  synovitis  resembling  tuberculosis,  and  a  form  of 
chondroarthritis  analogous  to  osteoarthritis.  The  history,  the 
evidences  of  syphilis  elsewhere,  the  Wassermann  reaction,  and  the 
response  to  appropriate  treatment,  are  important  factors  in  making 
the  diagnosis.  The  treatment  is  that  of  syphilis;  excision  or  amputa- 
tion may  sometimes  be  required. 

Tuberculous  arthritis  (white  swelling,  pulpy  degeneration)  is 
much  more  common  in  children,  the  joint  generally  being  invaded 
from  an  adjacent  epiphysis;  in  adults  the  primary  focus  is  probably 
in  the  synovial  membrane  as  often  as  it  is  in  the  neighboring  bone. 
The  tubercle  bacillus  is  transported  by  the  blood  to  the  joint,  in 
which  an  area  of  lessened  resistance  has  often  been  created  by  some 
slight  injury,  the  patient  possessing  a  hereditary  predisposition  to 
the  disease. 

The  pathological  anatomy  is  as  follows :  When  beginning  in  the 
synovial  membrane,  whitish  or  pinkish  pulpy  granulations  are  formed 
and  eventually  fill  the  joint,  giving  a  characteristic  doughy  feel. 
In  other  cases  the  membrane  is  covered  with  small  tubercles  and  the 
joint  is  filled  with  fluid.  The  tubercles  caseate  and  liquefy,  forming 
tuberculous  pus.  The  hgaments  become  softened  and  finally 
destroyed;  the  cartilages  are  eroded  and  eventually  the  bones;  and 
the  surrounding  soft  tissues  are  edematous.  When  the  disease 
begins  in  the  bone,  the  changes  are  those  of  tuberculous  ostitis,  the 
joint  being  affected  secondarily.  In  any  case  the  tuberculous  pus 
generally  finds  its  way  to  the  exterior  by  one  or  more  sinuses. 
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The  symptoms  are  very  slow  in  onset.  At  first  there  is  slight 
pain,  causing  some  limitation  of  motion  and,  in  the  lower  extremities, 
limping.  Later,  swelling  is  noticed  and  the  muscles  rigidly  hold  the 
joint  in  a  semiflexed  position.  In  a  well  developed  case  the  joint  is 
spindU'Shapedy  due  not  only  to  the  swelling,  but  also  to  the  atrophy 
of  the  neighboring  muscles,  and  the  skin  is  whik,  owing  to  oblitera- 
tion of  the  subjacent  vessels,  and  is  adherent  to  the  parts  beneath. 
A  peculiar  doughy  or  elastic  sensation  is  imparted  to  the  fingers  on 
palpation,  but  fluctuation  is  detected  only  when  a  cold  abscess 
approaches  the  surface,  or  in  the  rare  cases  in  which  the  effusion 
predominates.  Rice  bodies  are  sometimes  found  in  the  latter  variety. 
Night  cries  {slariing  pains)  indicate  erosion  of  cartilage  or  bone; 
when  the  patient  falls  asleep  the  rigid  muscles  relax,  permitting 
some  alteration  in  the  relation  of  the  joint  surfaces,  and  producing 
severe  pain  which  causes  the  patient  to  wake  with  a  start.  Partial 
or  even  complete  luxation  may  be  induced  by  tonic  contractions  of 
the  muscles  upon  the  disorganized  joint.  The  local  temperature  of 
the  joint  is  raised,  and  later,  when  sinuses  form,  hectic  fever  develops 
owing  to  mixed  infection. 

The  diagnosis  may  be  difficult  in  the  early  stages,  in  deep  seated 
joints,  and  in  cases  with  a  large  effusion,  which  resembles  chronic 
synovitis.  The  examination  of  aspirated  fluid  and  the  X-ray  are 
often  of  great  value,  and  some  recommend  the  tuberculin  test. 
Doubtful  cases  should  be  regarded  as  tuberculous. 

With  proper  treatment  the  prognosis  is  good  regarding  life, 
metastases  being  uncommon.  Ankylosis  generally  follows,  and 
indeed  is  nature's  method  of  cure.  In  late  cases,  i.e.,  those  with 
sinuses,  the  patient  may  develop  amyloid  disease  or  die  of  exhaustion. 

The  treatment  is  constitutional  (see  tuberculosis)  and  local.  The 
local  treatment  may  be  conservative  or  radical.  Conservative 
ireatmenty  which  is  indicated  in  the  early  stages,  includes  immobiliza- 
tion, often  for  months,  by  feplint,  plaster-of-Paris,  or  extension 
apparatus;  baking  with  the  hot-air  machine;  Bier's  passive  hypere- 
mia; aspiration  of  the  joint  fluid  and  injection  of  10  per  cent,  iodo- 
form emulsion  (two  to  five  drams  according  to  the  age  of  the  patient) 
or  other  antiseptic  (see  tuberculosis)  at  intervals  of  a  week  or  longer; 
phototherapy  (Finsen  light);  radiotherapy  (radium.  X-rays);  and 
heliotherapy  (see  tuberculosis).  Compression,  counterirritation, 
and  external  applications  of  various  lotions  and  ointments  are  useless. 
As  soon  as  detected,  absceses  should  be  tapped  with  a  large  trocar 
and  cannula,  irrigated  with  salt  solution,  and  injected  with  iodoform 
emulsion.     If  sinuses  exist  injections  of  Beck's  bismuth  paste  may 
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be  tried  before  proposing  operation  (see  section  on  sinus).  If  the 
disease  continues  to  progress,  or  if  the  general  condition  of  the  patient 
is  such  as  to  forbid  prolonged  treatment,  radical  measures  are  de- 
manded. The  joint  should  be  opened  and  the  tuberculous  tissue 
removed  by  erasion  (arthrectomy)  or  excision,  according  to  its 
extent.  Amputation  is  indicated  in  cases  too  far  advanced  for 
excision,  or  in  cases  in  which  excision  has  failed. 

Tuberculosis  of  Special  Joints. — In  the  shoulder  joint  the  disease 
is  more  frequent  in  adults  than  in  children,  but  is  not  common  in 
either.  It  usually  begins  in  the  head  of  the  humerus  and  rarely 
attacks  the  glenoid  cavity.  Abscesses,  which  are  rather  unusual, 
point  on  either  side  of  the  deltoid  or  in  the  axilla.  In  caries  sica, 
which  occurs  more  often  here  than  in  any  other  joint,  instead  of 
doughy  swelling,  there  is  shrinkage  due  to  muscular  atrophy  and 
destruction  of  the  head  of  the  humerus.  Immobilization  should  be 
persisted  in  for  a  number  of  months.  If  sinuses  form,  however, 
excision  of  the  head  of  the  humerus  will  usually  be  required. 

The  elbow  is  affected  more  often  than  either  the  shoulder  or  the 
wrist,  because  the  nutrient  arteries  of  the  humerus,  radius,  and  ulna 
run  towards  the  elbow,  thus  favoring  the  deposition  of  bacterial 
emboli  in  this  region.  The  disease  is  most  frequent  during  adoles- 
cence, beginning,  in  the  order  of  their  frequency,  in  the  synovial 
membrane,  or  in  the  epiphysis  of  the  humerus,  ulna,  or  radius.  The 
characteristic  spindle-shaped  swelling  is  well  marked.  Abscesses 
point  on  either  side  of  the  olecranon,  or  occasionally  follow  the  ubar 
nerve  and  present  on  the  inner  side  of  the  arm.  Immobilization  at  a 
right  angle,  with  the  forearm  midway  between  pronation  and  supina- 
tion, is  the  correct  treatment  in  the  early  stages,  but  if  the  bones  are 
much  involved,  either  erasion,  or  in  adults  excision,  is  the  quickest 
and  best  treatment. 

Tuberculosis  of  the  wrist  is  comparatively  infrequent,  but  may 
be  met  with  at  all  ages.  It  may  begin  in  the  synovial  membrane, 
or  be  secondary  to  disekse  in  the  carpal  bones,  lower  end  of  the  radius, 
or  neighboring  tendon  sheaths.  If,  after  several  months  of  conserva- 
tive treatment,  the  disease  is  not  checked,  erasion  or  excision  is 
usually  advisable,  and  if  the  disease  is  very  extensive,  amputation 
will  offer  the  only  hope  or  relief. 

Tuberculosis  of  tiie  sacroiliac  joint  is  of  infrequent  occurrence, 
and  is  most  commonly  seen  in  adults.  It  may  be  synovial  in  origin 
but  more  often  arises  in  adjacent  bones.  There  is  pain  in  the  bad, 
in  the  joint,  or  down  the  thigh,  which  is  increased  on  standing,  walk- 
ing, or  rocking  the  pelvis  with  the  hands.    The  patient  limps  wbL 
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most  of  his  weight  on  the  sound  leg,  the  body  being  bent  for- 
I  and  away  from  the  aflFected  side,  thus  causing  apparent  lengthen- 
>f  the  limb  corresponding  to  the  diseased  joint.  There  may  be 
ing  and  tenderness  directly  over  the  articulation,  and  in  the 
stages  abscesses  discharge  in  this  situation,  in  the  lumbar  region, 
e  iliac  fossa,  in  the  groin,  or  even  alongside  the  rectum, 
'he  diagnosis  may  be  difficult  in  the  early  stages.  Lumbago 
ws  exposure  to  cold,  affects  both  sides,  and  is  transient  in  charac- 

Sciatica  causes  a  very  severe  shooting  pain,  tenderness  of  the 
e,  no  apparent  lengthening  of  the  limb,  and  no  increase  in  pain 
I  the  iliac   bones  are  pressed  together  or  pulled  apart.    Hip 
se  causes  rigidity  of  adjacent  muscles  and  limitation  of  hip 
jments,  which,  if  the  pelvis  is  supported,  are  not  present  in 
»iliac  disease.     If  there  is  an  iliac  abscess  in  sacroiliac  disease, 
high  may  be  flexed,  but  the  hip  can  be  freely  moved.     In  disease 
f  spine  there  are  pain,  tenderness,  rigidity,  and  perhaps  deformity 
» affected  segment.    The  prog-                              ,.  v, 
,  owing  to  the  deep  situation    ^.^-^ccrr^rr^^X/*     A  **\ 
e  joint,  is  often  unfavorable.              ^^^         y^^^^^v         ^^ 
he  treatment  is  rest  in  bed  with ^. ^^^^ — '^ ..:c:::,^ii-^c/^ 

t  or  plaSter-of-Paris  case  for         Fig.  245.— Lordosis   of   lumbar  spine, 

plviQ  Tf  nhx;rp«;«;pq  form  the  ^disappearing,  as  indicated  by  the  dotted 
eiVlS.      II  aOSCeSSeS  lorm,  ine     u^g  ^^en  the  thigh  is  flexed. 

should  be  opened,  and  the  dis- 

!  tissue  removed  as  thoroughly  as  possible,  with  gouge,  chisel,  or 
te. 

'ip  joint  disease  (morbus  coxce,  coxitis,  coxalgia)  without  qualifi- 
a  means  tuberculosis  of  the  hip,  although  any  other  form  of 
disease  may  occur  in  this  articulation.  The  disease  may  origin- 
Q  any  of  the  structures  of  the  joint,  but  the  primary  lesion  is 
often  in  the  femoral  epiphysis.  It  is  very  much  more  frequent 
ildren  than  in  adults. 

he  sjrmptoms  in  the  beginning  are  slight  lameness  and  stiffness 
e  hip.  Pain  is  present  in  the  hip  or  along  the  inner  side  of  the 
(both  joints  being  supplied  by  the  obturator  nerve),  and  is 
ised  by  movements  of  the  joint.  Very  likely  a  history  of 
culous  disease  in  the  immediate  ancestors,  and  a  history  of  a 
:  injury,  will  be  obtained.  Examination  reveals  Umitation  of 
aovements  of  the  hip  and  slight  flexion,  due  to  rigidity  of  the 
les  which  guard  the  joint.  With  the  child  in  the  recumbent 
re  the  lumbar  spine  will  curve  forwards  if  the  knee  on  the  affected 
\  pressed  down  to  the  table  (Fig.  245).  Slight  fullness  about  the 
or  muscular  atrophy  may  be  observed  at  this  time.     With  the 
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progress  of  the  disease  flexion  increases  and  is  associated  with  abduc- 
tion and  e version  of  the  thigh,  a  position  which  relaxes  the  ligaments, 
increases  the  capacity  of  the  joint,  and  thus  secures  the  greatest 
comfort.     If  the  patient  stands  or  walks,  most  of  the  weight  is  bonic 
on  the  sound  leg,  causing  lowering  of  the  pelvis  on  the  diseased  side 
with  apparent  lengthening  of  the  limb  (Fig.  246-B),  and  a  compensa- 
tory lateral  curve  of  the  lumbar  spine,  convex  towards  the  aflfected 
side.     Flexion  may  be  obscured  by  complensatory  lordosis,  abduction 
by  tilting  of  the  pelvis  and  lateral  curving  of  the  lumbar  spine,  but 
e version  is  never  masked.    At  this  stage  muscular  rigidity  is  well 
marked,  the  pelvis  moving  upon  any  attempt  to  move  the  thigh;  if 
the  lumbar  spine  is  made  to  approach  the  table  by  flexing  the  sound 
thigh  on  the  abdomen,  the  thigh  on  the  diseased  side  will  rise  accord- 


FiG.  246.— A.  Abducted  thigh.  B.  Apparent  lengthening  when  limbs  are  parallel. 
C.  Adducted  thigh.  D.  Apparent  shortening  when  limbs  are  parallel.  Note  the  effect 
on  the  pelvis  and  the  lumbar  spine. 

ing  to  the  amount  of  flexion  present.  The  gluteal  crease  is  obliterated 
(due  to  muscular  atrophy  and  flexion)  or,  if  present,  is  on  a  lower 
level  than  its  fellow,  and  some  fullness  may  be  detected  in  the  upper 
part  of  Scarpa's  triangle.  Pain  increases,  is  rendered  more  severe 
by  any  jarring  motion  to  the  knee  or  foot,  and  is  apt  to  wake  the 
patient  suddenly  from  sleep  (night  cries y  starling  pains).  Abscesses 
may  now  form  and  point  in  the  buttock,  above  or  below  Poupart's 
ligament,  on  the  inner  side  of  the  thigh,  or  most  frequently  at  the 
front  of  the  great  trochanter;  hectic  fever  is  thus  established,  and 
anemia  and  emaciation  become  more  marked.  The  ligaments  arc 
softened  and  weakened,  the  limb  flexed,  adducted,  and  inverted,  the 
pelvis  elevated  on  the  diseased  side,  and  the  lumbar  spine  convtf 
towards  the  sound  side.    Hence  the  Umb  appears  shortened  (flkii 
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246-D) ;  later,  owing,  to  erosion  of  bone  or  in  some  cases  to  dislocation 
backwards,  real  shortening  becomes  evident.  Ankylosis  and  re- 
covery are  possible  at  any  period;  death  occurs  from  tuberculosis 
elsewhere,  or  in  the  late  stages  from  septicemia,  exhaustion,  or 
amyloid  disease. 

The  diagnosis  may  be  very  difficult  in  the  early  stages.  The 
patient  should  always  be  stripped  and  both  sides  cg^refuUy  examined. 
Pain  in  the  knee,  especially  in  a  child,  always  indicates  a  careful 
examination  of  the  hip.  Spinal  disease,  sacroiliac  disease,  infantile 
paralysis,  and  other  conditions  not  immediately  connected  with 
the  joint  are  not  associated  with  restricted  motions  of  the  hip. 
In  inflammation  of  the  iliopsoas  bursa  there  may  be  pain  on  extend- 
ing the  hip,  but  after  flexion  the  thigh  may  be  rotated  without  dis- 
comfort. In  gluteal  bursitis  there  may  be  limp  and  restriction  of 
motion,  but  not  the  characteristic  deformity  of  hip  disease;  in  some 
cases  fluctuation  or  crepitus  may  be  obtained  over  the  bursa.  In 
flexion  of  the  thigh  due  to  intraabdominal  disease,  the  movements 
of  the  hip  are  free.  Any  form  of  joint  disease  may  occur  in  the  hip, 
and  if  the  synovial  cavity  is  distended  there  will  be  flexion,  ab- 
duction, and  eversion.  Chronic  inflammation  of  the  hip  in  child- 
hood should,  however,  always  be  regarded  as  tuberculous  unless 
proved  otherwise.  The  X-ray  is  of  value  in  differentiating  from 
dislocaUon  and  in  determining  the  presence  and  extent  of  bone 
disease.  The  prognosis  is  favorable  if  the  diagnosis  is  made  early 
and  the  proper  treatment  instituted.  In  the  later  stages  recovery 
will  always  be  associated  with  shortening  and  ankylosis. 

The  treatment  in  the  early  stages  is  rest  in  bed,  and  traction  by 
Buck's  extension  apparatus  to  overcome  muscular  spasm  and 
prevent  deformity.  If  flexion  is  marked,  extension  should  be  at 
first  in  the  axis  of  deformity,  and  as  the  muscular  spasm  diminishes, 
it  may  be  gradually  lowered  to  a  horizontal  position.  Young 
children  who  are  difficult  to  keep  still  should  be  strapped  to  a 
Bradford  frame.  The  proper  weight  for  traction  will  vary  between 
one  and  six  pounds  or  more,  according  to  the  age  and  the  effects  of 
the  extension.  The  constitutional  treatment  is  that  of  tuberculosis 
vq.v.).  When  the  deformity  has  been  corrected  and  pain  has 
subsided,  a  brace  may  be  applied  and  the  patient  allowed  to  get 
about  on  crutches.  Of  the  many  mechanical  appliances  which 
have  been  used,  the  Thomas  hip  splint  (Fig.  247)  or  one  of  its 
modifications  is  the  most  useful.  A  patten  or  thick  soled  shoe  is 
^orn  on  the  foot  of  the  sound  side,  and  the  patient  walks  with 
crutches,  the  affected  limb  hanging  some  distance  away  from  the 
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ground,  thus  acting  as  an  extension  weight.  In  the  presence  of 
deformity  the  brace  may  be  bent  to  accomodate  itself  to  the  altered 
position  of  the  limb.  Some  surgeons  apply  plaster-of-Paris  to  the 
limb  and  pelvis.  Traction  splints  are  those  which  may  be  length- 
ened by  a  sliding  rod  or  movable  foot  piece,  countetextension  being 
supplied  by  perineal  bands.  A  brace  should  be  worn  for  six  months 
after  all  symptoms  have  disappeared.  Intraarticular  injections 
of  iodoform  or  other  antiseptics  are  occasionally  used.  Abscesses 
should  be  tapped  with  trocar  and  cannula  and  injected  with  iodo- 
form emulsion.  Sinuses  may  be  injected  with  Beck's  paste,  but 
if  they  persist  or  recur  they  should  be  explored,  and  necrotic  or 
carious  bone  removed  by  erasion.  Formal  resection  of  the  hip 
results  in  immediate  shortening,  and  in  children 
interfere  with  the  growth  of  the  femur,  so  that 
it  should  not  be  performed  unless  the  disease 
progresses  despite  other  means  of  treatment. 
If  excision  fails,  or  if  there  is  an  extensive 
osteomyelitis  of  the  femur,  amputation  will  be 
required. 

The  knee,  with  the  possible  exception  of 
the  hip,  is  more  frequently  attacked  by  tuber- 
culosis than  any  other  joint.  The  term  wkHe 
swelling  when  used  alone  means  tuberculosis  of 
the  knee.  In  children  the  disease  usually 
begins  in  the  lower  end  of  the  femur,  in  adults 
in  the  synovial  membrane.  The  symptoms  are 
those  of  joint  tuberculosis  in  general.  Flexion 
is  present,  and  in  the  later  stages  backward  dis- 
location of  the  tibia  often  occurs.  The  treatment 
is  immobilization  with  plaster-of-Paris  or  a  traction  knee  splint 
(Fig.  248).  Other  conservative  methods  also  may  be  employed.  If 
the  progress  of  the  disease  is  not  checked  by  these  measures,  or  if 
the  case  is  seen  in  a  late  stage,  erasion  or  excision  will  be  indicated. 
Amputation  should  be  reserved  for  cases  in  which  the  disease  b 
very  extensive,  or  in  which  excision  has  failed. 

Ankle  joint  disease  begins  most  frequently  in  the  synovial 
membrane,  next  in  the  astragalus;  it  may,  however,  commence  in 
the  tibia  or  fibula,  or  be  secondary  to  disease  of  the  tarsus  or  tendon 
sheaths.  The  usual  symptoms  of  joint  tuberculosis  are  present; 
the  foot  is  extended,  as  in  this  position  the  narrowest  part  of  the 
articulating  surface  of  the  astragalus  is  between  the  tibia  and 
fibula.     An  tero- posterior    movements    are    markedly    limited,    but 


Fic.  347.— Thomas 
flip  splint.  Patteo  on 
sound  limb. 
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inversion  and  eversion  of  the  foot  may  be  made  if  the  subastragaloid 
and  mid-taisal  joints  are  free  of  disease.  The  treatment  is  im- 
mobilization in  plaster-of-Paris  with  the  foot  at  a  right  angle  to 
the  leg.  Other  forms  of  conservative  treatment  are  also  of  service. 
In  the  presence  of  sinuses  or  disorganization  of  the  joint  erasion  or 
excision  should  be  performed.  The  disease  is  apt  to  invade  other 
tarsal  bones  besides  the  astragalus  and  to  extend  into  the  surround- 
ing soft  tissues;  in  these  cases  amputation  will  be  the  operation 
of  choice. 

Rheamatic  arthiitte,  when  acute,  is  characterized  by  fever, 
anemia,    leucocytosis,    acid    and    sour   smelling  ^^ 

sweats,  concentrated  highly  acid  urine,  and  by  ./^fl 

the  successive  involvement    of    a    number  of  f^  111 

joints;  and  it  is  often  complicated  by  sore  throat,  Jv^nTII 

pericarditis,  endocarditis,  or  pleurisy.     The  his-  ill  ^4! 

tory   of    previous    attacks    is    often    obtained.  » '^41 

There    is    nothing   characteristic    in    the    local  r\^fc:> 

s3rmptoms  to  distinguish  it  from  infective  arthri-  tevllilir 

tis,  indeed,  many  believe  it  to  be  infective  in  IE  V»ll 

origin,  and  even  incision  and  irrigation  of  the  B*''liLi  1 

joints  have  been  recommended.     For  a  full  con-  f^   ("jfyj 

stderation  of  this  subject  the  reader  is  referred  |      JP 

to  a  book  on  practice  of  medicine,  it  being  neces-     —^  JL-i' 
sary  in  this  place  only  to  caution  against  a  too         "~^^^ 
ready  diagnosis  of  rheumatism  without  a  careful       Pig.  148— Thom»» 
invesUgation,   particularly  if  but  one  joint  is  m"tli  pIm"  u'sev«£a 

involved.  inches  below  the  foot. 

In  the  chronic  variety  the  history,  the  in-  ihe  sound  foot,  and 
volmnent  of  several  joints,  the  presence  of  car-  'XJ^r^"Z.'"  .w. 
diac  lesions,  and  the  detection  of  rheumatic  over  the  oppo»it« 
nodules  on  tendons  or  fascia,  or  about  joints,  will 
usually  lead  to  a  correct  diagnosis.  The  synovial  membranes  and 
the  ligaments  are  thickened  and  sometimes  the  cartilages  eroded; 
grating,  or  crepitus,  may  be  felt  on  moving  the  joint,  and  ankylosis 
occasionally  occurs. 

Gouty  arthritis  is  characterized  by  sudden  severe  pain,  which 
often  comes  on  during  the  night  and  attacks  the  smaller  joints, 
particularly  that  between  the  great  toe  and  its  metatarsal  bone. 
The  articulation  is  swollen,  the  skin  red,  shiny,  and  edematous, 
and  there  is  moderate  fever.  A  history  of  previous  attacks  may 
beclicited,  and  other  evidences  of  gout,  e.g.,  tophi  (chalky  deposits  in 
or  around  the  joint),  dyspepsia,  and  atheroma  may  be  present.  For 
the  treatment  the  reader  is  referred  to  a  book  on  internal  medicine. 
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Osteoarthritis  (rheumatoid  arthritis,  arthritis  deformans,  rhat- 
matte  gout,  malum  senile)  is  a  chronic  disease  of  joints  associated  will 
great  deformity.  The  cause  is  n6t  known.  Some  believe  it  to  \x 
of  nervous  origin  because  of  the  accompanying  trophic  lesions, 
others  that  it  is  due  to  microorganisms  because,  in  about  half 
the  cases,  it  is  preceded  by  some  infectious  disease.  It  is  moR 
common  in  women,  and  is  sometimes  associated  with  disease  of  the 
uterus  or  ovaries.  Traumatism  is  often  a  factor  in  monarticulu 
cases;  the  disease  is  not  very  uncommon  in  the  old  after  a  Colles' 
fracture,  or  after  a  fracture  of  the  neck  of  the  femur.  It  may  occur 
at  any  period  of  life,  but  is  most  frequent  after  middle  age.  The 
cartilages  become  eroded  and  the  ends  of  the  bones  exposed,  the 
synovial  membrane  and  the  Ugaments  are  markedly  thickened, 
and  exostoses,  or  osteophytes, 
form  about  the  jrant,  leading 
to  ankylosis  and  great  de- 
formity. Partial  dislocation 
may  occur. 

The  disease  begins  in 
several  ways:  i.  Heberdm'i 
nodes  are  little  hard  knobs  de 
veloping  on  the  dorsal  sui' 
faces  of  the  second  and  thini 
phalanges,  subsequently  t£ 
'  recurring  attacks  ofin- 
Fig.  a49.— Osteoarthiritis  of  elbow;  note  flammation  in  the  interphal- 
S";i2"?S'iX„T°""'"°°""'"'"°'  »"8Ml  jomts,  which  Smil) 
become  ankylosed.  The) 
are  most  common  in  neurotic  women  between  the  ages  of  thirt> 
and  forty,  and  are  incurable.  2.  General  progressive  osteroarthriHi 
begins  as  an  acute  process  somewhat  resembling  rheumatism,  w 
more  commonly  in  a  chronic  manner.  In  the  latter  variety  tlw 
joints  of  the  hands  usually  swell  and  become  tender,  and  with 
the  subsidence  of  inflammation  they  creak,  becoming  more  i^ 
more  deformed  with  each  succeeding  attack.  Gradually  other 
joints  are  involved,  until  in  the  worst  cases  practically  every  arti- 
culation in  the  body  may  be  affected.  The  muscles  atrophy  aiw' 
by  their  contractures  further  increase  the  deformity.  The  progress 
of  the  disease  is  very  slow,  and  although  no  remedy  is  known,  i' 
may  be  spontaneously  arrested  at  any  stage.  3.  The  monartictiiti 
form  is  the  only  one  which  concerns  the  surgeon.  It  occuts  chiefl; 
in  old  men  and  follows  injury.    In  the  hip  it  is  known  bs  morbi 
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coxas  senilis,  in  the  spine  as  spondylitis  deformans;  spondylosis 
rkizomeliquCy  or  ankylosis  of  the  spine,  hips,  and  shoulders  is  a  form 
of  osteoarthritis.  In  the  early  stage  there  are.  pain,  stifiFness,  and 
perhapts  a  little  swelling  and  creaking  in  the  joint.  Later  motion 
is  less  free,  bony  crepitus  becomes  evident,  neighboring  muscles 
atrophy,  osteophytes  form,  and  finally  ankylosis  occurs.  Occa- 
sionally, however,  the  joint  becomes  loose  and  the  bones  displaced. 
The  diagnosis  is  made  by  the  chronic  nature  of  the  affection,  the 
absence  of  suppuration,  the  deformity  (lipping  of  the  ends  of  the 
bon^  and  osteophytes — Fig.  249)  crepitus,  the  frequent  history 
of  injury,  and  the  advanced  age  of  the  patient.  The  prognosis  is 
unfavorable. 

The  trealtnent  is  unsatisfactory.  The  general  health  should  be 
improved,  colds  and  draughts  avoided,  and  perhaps  iodid  of  sodium 
or  arsenic  administered.  In  view  of  the  possible  bacterial  origin 
of  the  disease,  the  whole  body  should  be  reviewed  for  sources  of 
mfection,  not  forgetting  the  nose,  accessory  sinuses,  ear,  teeth, 
tonsils,  rectum,  colon,  and  genitourinary  organs.  When  the  joints 
are  swollen  and  tender  they  should  be  treated  like  synovitis.  Dur- 
ing the  quiescent  period,  the  hot-air  apparatus,  stimulating  lini- 
ments, massage,  and  passive  motions  are  useful,  as  they  hinder 
the  development  of  ankylosis.  When  the  disease  is  limited  to  one 
joint,  e.g.,  the  temporomaxillary,  shoulder,  elbow,  or  knee,  excision 
or  arthroplasty  may  be  performed  if  the  function  of  the  articulation 
is  seriously  disturbed. 

Neuropathic  arthritis  resembles  osteoarthritis,  and  is  the  result 
of  disease  or  injury  of  the  central  or  peripheral  nervous  system. 
That  form  occurring  in  locomotor  ataxia  is  called  Charcot^ s  disease. 
The  joints  of  the  lower  extremity,  particularly  the  knee,  are  most 
frequently  affected.  As  the  result  of  a  slight  injury,  or  often  with- 
out such  history,  the  joint  rapidly  and  painlessly  swells,  and  in 
even  a  few  hours  may  be  dislocated,  or  so  freely  movable  that  it 
can  be  bent  in  any  direction.  The  disease  may,  however,  run  a 
chronic  course  and  end  in  ankylosis.  A  somewhat  similar  joint 
affection  occurs  in  syringomyelia,  but  the  joints  involved  are  usually 
those  of  the  upper  extremity,  and  suppuration  is  more  frequent 
than  in  Charcot's  disease.  Every  painless  osteoarthritis  should 
rouse  a  strong  suspicion  of  syringomyelia  or  tabes  dorsalis. 

The  treatment  of  neuropathic  arthritis  includes  that  of  the 
causative  disease.  In  some  forms  massage  and  passive  motions  are 
indicated,  but  in  Charcot's  disease,  if  there  is  a  tendency  towards 
ankylosis,  it  should  be  encouraged.     As  this  is  seldom  the  case 
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some  form  of  support  will  usually  be  required.  Resection  has 
been  performed,  but  is  not  generally  regarded  with  favor.  If 
suppuration  or  extensive  disorganization  occurs,  amputation  is 
the  best  treatment. 

Neuralgia  of  joints  usually  depends  upon  some  local  or  con- 
stitutional cause,  although  cases  occur  in  which  neither  of  these  can 
be  found.  After  injury  loose  bodies,  adhesions,  or  small  areas  of 
inflammation  may  be  responsible.  It  may  be  due  to  disease  of  the 
central  or  peripheral  nervous  system,  or  be  reflex  from  disease  or  in- 
jury of  nerve  fibers  coming  from  the  same  trunk  that  supplies  the 
joint,  and  it  may  be  associated  with  gout,  rheumatism,  s>T)hilis, 
malaria,  neurasthenia,  or  hysteria.  Like* neuralgia  elsewhere,  the 
pain  is  paroxysmal.  The  treatment  is  that  of  the  causative  lesion, 
if  such  can  be  found;  other  cases  are  treated  as  neuralgia  elsewhere. 

H3rsterical  joint  {neuromimesis)  is  characterized  by  pain  and 
tenderness,  hyperesthesia  or  anesthesia  of  the  overlying  skin, 
rigidity  of  the  joint,  muscular  atrophy  from  disuse,  and  absence  of 
local  heat  and  swelling,  unless  these  be  present  from  the  use  of 
irritating  applications.  The  condition  is  most  frequent  in  the 
knee  and  hip,  usually  of  young  women.  Some  cases  follow  injury, 
others  arise  spontaneously.  The  diagnosis  is  made  by  carefully 
excluding  all  organic  disease,  anci  by  finding  associated  symptoms  of 
hysteria.  The  joint  may  be  fixed  in  a  position  contrary  to  that 
usually  assumed  in  disease,  and  be  freely  movable  under  light 
anesthesia  or  when  the  patient's  attention  is  diverted.  The  position 
of  the  limb  may  vary,  sometimes  quite  suddenly.  The  treatment  is 
that  of  hysteria.  Electricity,  massage,  and  passive  motions  are  use- 
ful, but  may  do  harm  by  concentrating  the  patient's  attention  upon 
the  joint. 

Hemartfarosis  (effusion  of  blood  into  a  joint),  apart  from  injun' 
may  be  due  to  a  number  of  causes  (see  spontaneous  hemorrhage)- 
In  hemophilia,  following  a  slight  injury  or  sometimes  spontaneously, 
a  joint  becomes  distended  with  blood,  which  may  gradually  be  ab- 
sorbed, leaving  the  joint  again  normal,  or  become  organized  and  lead 
to  adhesions  and  obHteration  of  the  joint.  The  history  is  the  most 
important  factor  in  diagnosis.  The  treatment  is  immobilization 
and  compression.  Massage  and  passive  motion  may  be  used  with 
caution  in  the  later  stages.  Under  no  circumstances  should  the 
joint  be  aspirated  or  opened,  as  such  treatment  migh  be  followed  by 
uncontrollable  hemorrhage. 

Loose  bodies  in  joints  (joint  mice)  consist  of  fibrin,  fatty  tissue 
fibrous  tissue,  cartillage,  or  bone.     Those  made  of  fibrin  are  usually 
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small  and  numerous,  and  are  best  seen  in  tuberculosis  of  joints 
bursae,  or  tendon  sheaths  (rice  bodies).  Occasionally  they  are  due 
to  other  causes,  e.g.,  a  small  foreign  body,  blood  clot,  or  detached 
synovial  villus,  around  which  the  fibrin  collects.  Such  loose  bodies 
frequently  become  fibrous.  Bodies  which  are  at  first  pedunculated 
and  afterwards  become  loose  by  rupture  of  the  pedicle,  may  be  fatty 
fin  lipoma  arborescens) ,  fibrous,  cartilaginous,  or  bony,  according 
to  the  tissue  from  which  they  spring;  they  may  be  also  neoplasms, 
or  result  from  hypertrophy  of  synovial  villi,  desiccation  of  cartilage, 
or  detachment  of  osteophytes  in  chronic  arthritis.  The  most 
frequent  cause,  however,  is  injury,  a  portion  of  bone,  or  more  fre- 
quently cartilage,  being  detached  from  the  articular  surface,  usually 
the  internal  condyle  of  the  knee,  which  is  the  joint  generally  affected. 
Though  even  completely  detached,  these  bodies  may  continue  to 
grow,  being  nourished  by  the  synovial  fluid. 

The  symptoms  are  severe  pain  and  temporary  locking  of  the 
joint,  followed  by  subacute  synovitis,  and  caused  by  the  loose  body 
lodging  between  the  ends  of  the  bones  or  in  a  synovial  recess.  These 
attacks  recur  from  time  to  time,  and  owing  to  repeated  distention, 
the  ligaments  may  become  relaxed  and  the  joint  weakened.  Loose 
bodies  may  sometimes  by  palpated,  but  are  very  elusive,  hence  the 
name  joint  mice.  If  bony  in  nature  they  may  be  detected  by  the  X- 
ray.  The  symptoms  closely  resemble  those  of  a  dislocated  semi- 
lunar cartilage,  but  in  loose  bodies  the  locking  of  the  joint  is  usually 
of  brief  duration,  and  there  is  no  marked  tenderness  over  the  site 
of  the  semilunar  cartilage. 

The  treatment  is  removal  by  a  small  incision  directly  over  the 
loose  body,  which  should  be  held,  whenever  possible,  by  the  fingers  of 
the  other  hand,  or,  better,  transfixed  by  a  needle  before  the  patient 
is  anesthetized,  otherwise  the  body  may  elude  even  the  most  careful 
search  after  the  joint  is  opened.  Some  surgeons  employ  a  local 
anesthetic,  thus  enabling  the  patient  to  bring  the  loose  body  to  the 
surface,  in  case  it  escapes  the  operator.  The  joint  should  be  explored 
for  other  loose  bodies,  closed  with  sutures,  and  immobilized  for  a 
week  or  two. 

Ankylosis  is  rigidity  or  immobility  of  a  joint.  It  may  be  true 
or  ialse. 

In  true,  or  intraarticular  ankylosis,  the  joint  surfaces  are  united 
by  fibrous  tissue,  cartilage,  or  bone.  Fibrous  ankylosis  is  usually 
incomplete,  unless  the  entire  joint  is  obliterated  by  short  bands  of 
strong  fibrous  tissue;  the  latter  may  be  differentiated  from  bony 
ankylosis  by  the  X-ray,  by  pain  on  attempts  to  move  the  joint,  and 
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by  subsequent  signs  of  inflammation,  if  these  attempts  have  been 
very  forcible.  Cartilaginous  or  bony  ankylosis  is  complete  (no 
motion),  except  in  some  cases  of  ossification  of  the  periarticular 
structures,  and  in  some  cases  caused  by  the  interlocking  of  osteo- 
phytes in  osteoarthritis.  The  causes  of  true  ankylosis  are  the  various 
forms  of  synovitis  and  arthritis.  It  may  be  caused  also  by  an  unre- 
duced dislocation  or  fracture,  or  by  disease,  e.g.,  caries,  which  alters 
the  shape  of  the  ends  of  the  bones  so  that  they  no  longer  fit  each 
other  {ankylosis  of  deformity) .  Simple  immobilization  of  the  large 
joints  without  inflammation  does  not  lead  to  ankylosis,  although  if 
prolonged  it  may  cause  stiffness  owing  to  the  atrophy  of  the  peri- 
articular structures.  The  effects  of  ankylosis  vary  with  its  degree, 
the  angle  of  fixation  (a  straight  knee  and  an  elbow  bent  to  a  right 
angle  are  much  more  useful  than  a  bent  knee  and  a  straight  elbow), 
the  joint  affected  (e.g.,  in  the  shoulder  ankylosis  is  compensated  for 
by  movements  of  the  clavicle  and  scapula),  and  the  amount  of 
amount  of  atrophy  of  the  bones  and  soft  parts;  in  children  there  may 
be  stunting  of  the  growth  of  a  limb. 

The  treatment  is  prophylactic  and  curative.  The  prophylactic 
treatment  consists  in  limiting  effusions  or  inflammatory  exudates, 
which  by  orgaiuzation  cause  ankylosis;  and  in  preventing  the  union 
ot  synovial  surfaces  by  early  passive  movements.  If  ankylosis  is 
inevitable  the  joint  should  be  placed  in  a  position  which  will  be  of 
most  service  to  the  patient.  In  incomplete  ankylosis  due  to  limited 
synovial  adhesions,  daily  attempts  to  move  the  joint,  without  causing 
intolerable  pain,  will  stretch  or  break  the  adhesions  and  result  in 
cure.  If  the  adhesions  are  more  extensive,  the  joint  may  be  forcibly 
moved  while  the  patient  is  under  a  general  anesthetic.  This  treat- 
ment causes  a  recurrence  of  the  inflammation,  and  the  joint  must  be 
immobiUzed  until  it  has  subsided,  when  massage  and  passive  motions 
are  begun.  In  long  standing  cases  forcibly  breaking  adhesions  under 
an  anesthetic  occasionally  results  in  fracture  of  atrophied  bone,  fat 
embolism,  or  tearing  of  shortened  blood  vessels,  nerves,  skin,  or  other 
soft  tissues.  It  should  not  be  attempted  after  the  subsidence  of  a 
tuberculous  arthritis  for  fear  of  recurrence.  Other  cases  of  ankylosis 
which  should  be  left  alone  are  those  occurring  in  patients  (the  old, 
feeble,  etc.)  whose  general  condition  forbids  operation  or  painful 
manipulations,  particulary  when  the  joint  is  in  a  useful  position. 

Electricity  and  massage  are  beneficial  in  maintaining  nutrition  and 
preventing  atrophy  of  muscles.     If  the  adhesions  are  very  extensive, 
forcibly  breaking  them  under  an  anesthetic  will  be  followed 
much  inflammatory  reaction  that  they  will  reform  before  ptM^I^ 
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motions  can  be  started.     In  these  cases  as  well  as  in  complete  ankylo- 
sis, recovery  can  be  secured  only  by  operation,  which  always  should 
be  undertaken  if  the  joint  be  fixed  at  a  vicious  angle.     Osteotomy  has 
been  employed,  chiefly  in  ankylosis  of  the  hip  and  knee,  to  straighten 
a  limb  that  is  fixed  at  an  inconvenient  angle.    In  ankylosis  of  the  hip 
the  femur  is  cut  through  the  neck  or  immediately  below  the  tro- 
chanter, after  making  an  incision  from  just  below  the   anterior 
superior  spine  vertically  downwards  for  three  or  more  inches.     Ad- 
ams^ subcutaneous  osteotomy  of  the  neck  of  the  femur  is  performed  by 
introducing  a  knife  midway  between  the  trochanter  and  the  anterior 
superior  spine  of  the  ilium,  and  pushing  it  inwards  until  it  reaches 
the  neck  of  the  bone.    An  Adams'  saw  is  then  introduced  and  the 
neck  of  the  bone  divided.     The  limb  is  straightened  and  the  bone 
reunites.     In  ankylosis  of  the  knee  the  bone  is  divided  above  the 
joint  in  much  the  same  way  as  for  genu  valgum.    Excision  may  be 
performed,  e.g.,  at  the  elbow  to  obtain  a  movable  joint,  or,  e.g.,  at  the 
knee  when  it  is  bent,  to  place  the  limb,  although  still  rigid,  in  a  more 
useful  position.    Arthrolysis  is  exposure  of  the  joint  by  an  incision 
suitable  for  resection,  and  division  or  removal  of  all  adhesions,  bony 
prominences,  etc.,  which  interfere  with  movement.    After  operations 
of  this  character  the  joint  may  be  filled  with  sterile  olive  oil  or  liquid 
vaseline  to  prevent  the  reformation  of  adhesions.    Nonabsorbable 
foreign  bodies,  such  as  silver,  zinc,  celluloid,  rubber,  etc.,  have  been 
placed  between  the  ends  of  the  bones  to  maintain  mobility,  but  are 
almost  uniformly  unsuccessful,  in  that  the  foreign  substance  is 
usually   discharged   and    the   ankylosis   recurs.    Absorbable   sub- 
stances,   e.g.,   magnesium,    Cargile   membrane,   chromicized   pig's 
bladder,  decalcified  bone,  are  objectionable  because  they  are  ab- 
sorbed, thus  permitting  the  osseous  surfaces  again  to  come  in  contact. 
Fortimately    nonforeign    and    nonabsorbable    material    (cartilage, 
muscle,  fascia)  can  always  be  obtained  from  the  patient.    At  the 
present  time  the  best  prospects  for  a  new  and  movable  joint  (near- 
throsis) seem  to  be  offered  by  arthroplasty,  which,  thanks  to  the  ac- 
tivity of  Huguier,  Murphy,  and  others,  has  been  developed  to  an 
advanced  degree  of  perfection.     The  operation  proceeds  as  in  ar- 
throlysis, but  the  ends  of  the  bones  are  removed  or  pared  down,  and 
new  articular  surfaces  fashioned  after  the  patern  of  a  normal  joint 
(Figs.  250,  251).    A  pedunculated  flap  of  fat  and  fascia  from  the 
neighborhood  of  the  joint,  or  a  free  transplant  of  the  same  material 
from  a  distance  (e.g.,  from  the  fascia  lata  to  the  elbow)  is  then  fixed 
with  catgut  sutures  between  the  bony  surfaces.    Lexer  has  resected 
the  knee  and  successfully  transplanted  to  its  place  the  knee  joint  of  a 


MANUAL    OF    SURGERY 


recently  amputated  limb.     Buchmann  transplanted  the  first  met 
tarso  phalangeal  joint  to  the  elbow  and  obtained  a  good  resii 


Pig.  ISO- — Complete  ankylosis  of  the  elbow. 


Wfl 


—Same  as  Pig.  250, 


Weglowski  secured  a  movable  elbow  by  the  iuteipositioQ  of  the  out 
surfaces  of  the  sixth  and  seventh  costal  cartilages. 

False  ankylosis  is  caused  by  extraarticular  lesions,  such  as  dcatrid 
shortening  of  muscles,  adhesions  of  tendons,  and  i 
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may  be  bony  as  the  result  of  ossification  of  periarticular 
ory  fibrous  tissue  or  of  muscles  (myositis  ossificans) 
ylosis  is  treated  according  to  the  cause;  it  may  require 
f  a  cicatrix;  tenotomy  or  tenoplasty;  myotomy  myomec- 
nyoplasty;  removal  of  areas  of  ossification,  etc.  It  should 
1  that  any  of  these  operations  may  be  needed  to  assist 
»  cure  of  a  true  ankylosis. 

tads  is  just  opposite  of  arthrolysis,  i.e.,  the  surgeon  at- 
iecure  ankylosis  in  a  flail  joint,  such  as  may  follow  paraly- 
joint  is  opened,  either  arthectomy  or  excision  performed, 
mes  fastened  together  with  wire  or  nails.  In  performing 
it  of  the  ankle  Lexer  advises  boring  a  hole  up  through  the 
stragalus,  and  lower  end  of  the  tibia,  and  driving  into  this 
toplastic  bone  graft. 

sion,  or  arthrectomyy  the  joint  is  opened  by  an  incision 
r  resection,  and  the  diseased  tissues  (usually  tuberculous) 
)ved  by  scissors  and  forceps,  or  by  curette.  W^en  appli- 
ion  is  to  be  preferred  to  resection,  since  it  causes  neither 
shortening  nor  subsequent  interference  with  the  growth 
). 

EXCISION  OF  JOINTS 

II,  or  resection,  of  a  joint,  i.e.,  of  the  articulating  ends  of 
with  the  cartilages  and  synovial  membrane,  is  performed 
an  articulation  destroyed  by  injury  or  disease  (usually 
is),  thus  avoiding  amputation,  or  to  render  a  limb  more 
:,,  in  irreducible  luxations  or  other  forms  of  ankylosis. 
f  course,  immediate  shortening  of  the  limb,  and  in  youth, 
itc  epiphysis  is  removed,  interference  with  subsequent 
cnce  resection  of  joints,  especially  those  of  the  lower 
in  which  the  greatest  growth  takes  place  and  in  which 
causes  the  greatest  inconvenience,  should  be  avoided 
possible.  There  are  two  general  methods  of  excision. 
riosteal,  or  conservative,  in  which  the  periosteum,  joint 
id  attached  ligaments  and  tendons  are  saved,  is  the  ideal 
as  bone  may  be  reformed  from  the  periosteum,  and  move- 
the  joint  preserved  by  the  muscular  attachments.  It  is 
)licable,  however,  because  these  structures  are  usually 
md  in  certain  joints,  notably  the  elbow,  new  bone  might 
rith  free  motion.  In  the  radical  method  the  periosteum 
d.  The  incisions  should  be  so  made  as  to  enter  the  joint 
>rtest  way  with  a  minimum  amount  of  injury  to  the  sur- 
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rounding  tissues.     Drainage  with  a  rubber  tube  or  strands  of  silk- 
worm gut  is  almost  invariably  required. 

The  shoulder  joint  may  be  excised  through  an  anterior  oblique 
incision  three  or  four  inches  in  length;  extending  from  the 
coracoid  process  downward  and  outward  along  the  anterior  border  i 
of  the  deltoid  muscle,  the  patient  being  supine,  close  to  the  edge  of 
the  table,  and  the  shoulders  raised.  The  pectoro-deltoid  groove  is 
opened,  the  cephalic  vein  and  the  pectoral  muscles  retracted  inward 
and  the  deltoid  outward,  thus  uncovering  the  biceps  tendon,  to  the 
outer  side  of  which  the  capsule  of  the  joint  is  incised.  After  depress- 
ing the  elbow  and  rotating  the  humerus  inward,  the  supra-  and  infra- 
spinatus and  teres  minor  are  separated  from  the  greater  tuberosity, 
and  the  subscapularis  from  the  lesser  tuberosity  after  rotating  the  | 
bone  outward.  Flexing  the  elbow  relaxes  the  tendon  of  the  biceps  j 
which  is  then  displaced  inward,  and  the  head  of  the  bone  delivered 
through  the  wound  and  divided  with  a  saw.  If  the  glenoid  cavity  is 
involved,  the  diseased  bone  is  removed  with  a  curette,  or  as  a  seques- 
trum. The  arm  is  bound  to  the  chest  over  an  axillary  pad,  to  pr^ 
vent  displacement  of  the  end  of  the  humerus  under  the  coracoid. 
Passive  motions  are  begun  as  soon  as  the  stitches  have  been  removed. 

The  elbow  joint  (Fig.  568)  may  be  resected  through  a  posterior 
median  incision  (Langenbeck) ,  about  four  inches  in  length,  with  the 
tip  of  the  olecranon  process  at  its  middle,  the  arm  lying  across  the 
patient's  body.  The  periosteum  and  the  inner  half  of  the  triceps 
tendon  are  separated  from  the  ulna  and  olecranon  and  pushed 
inwards  with  the  ulnar  nerve,  then  the  internal  lateral  ligament  and 
the  common  origin  of  the  flexor  muscles  separated  from  the  inntf 
condyle.  The  periosteum,  outer  half  of  the  triceps  tendon,  anconeus, 
external  lateral  ligament,  extensors  of  the  forearm,  and  supinator 
brevis  are  next  scraped  from  the  bone  on  the  outer  side,  and,  after 
flexing  the  forearm,  the  ends  of  the  bones  delivered  through  the 

I 

wound  and  removed  with  a  saw.     The  forearm  is  placed  on  an 
internal  angular  splint  for  a  week  or  ten  days,  after  which  daily  \ 
passive  motions  are  made. 

Of  all  excisions  that  of  the  wrist  joint  is  the  least  satisfactory. 
The  operation  is  difficult  and  tedious,  and  so  much  of  the  bony 
structures  usually  have  to  be  removed  that  the  hand  is  often  useless 
afterwards.     The    simplest    method    is    that    of   Langenbeck.    A 
straight  dorsal  incision  is  made  from  the  middle  of  the  metacarpal 
bone  of  the  index  finger  to  the  middle  of,  and  three-fourths  of  an 
inch  above,  the  lower  extremity  of  the  radius.    The  incision  passes 
along  the  radial  side  of  the  tendon  of  the  extensor  indids.    The  teih 
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dons  of  the  index  finger  are  retracted  to  the  ulnar  side  and  the  lower 
border  of  the  annular  ligament  divided.  The  fibrous  sheaths  of  the 
extensor  tendons,  the  insertion  of  the  supinator  longus,  the  annular 
and  capsular  ligaments,  and  the  periosteum  are  separated  from  the 
end  of  the  radius,  and  the  tendons,  ligaments,  and  periosteum  from 
the  ulna.  Flexing  the  hand  opens  the  radiocarpal  joint  and  facili- 
tates excision  of  the  first  row  of  carpal  bones.  It  may  be  necessary 
to  remove  those  of  the  second  row  and  even  the  bases  of  the  meta- 
carpal bones.  The  lower  ends  of  the  radius  and  ulna  are  next 
delivered  and  divided  with  a  saw.  If  the  tendons  of  the  extensor 
radialis  longior  and  brevior  are  in  the  way,  they  may  be  divided  and 
later  sutured.  A  straight  splint  is  applied  with  the  forearm  midway 
between  pronation  and  supination.  The  fingers  should  be  flexed 
and  extended  daily,  beginning  on  the  second  or  third  day,  but  the 
wrist  should  remain  fixed  until  healing  is  complete;  indeed  in  some 
cases  a  flail  joint  results  and  a  permanent  support  is  needed. 

The  hip  joint  may  be  entered  from  three  aspects,  anteriorly 
through  the  straight  incision  of  Barker,  laterally  through  a  curved 
(White)  or  straight  (Langenbeck)  incision,  and  posteriorly  through 
the  angular  incision  of  Kocher.  With  the  anterior  incision  no  mus- 
cular structures  are  divided  and  very  little  damage  is  done  to  the 
surrounding  tissues,  but  the  joint  is  poorly  exposed  at  the  bottom  of 
a  deep  wound  which  is  not  well  situated  for  subsequent  drainage. 
The  lateral  and  posterior  incisions  necessitate  the  cutting  of  muscles 
and  inflict  greater  damage  on  the  tissues,  but  they  render  the  joint 
more  accessible  and  facilitate  drainage.  The  anterior  incision  ex- 
tends from  one-half  inch  below  the  anterior  superior  spine  of  the 
ilium  downward  and  slightly  inward  for  three  or  four  inches.  The 
joint  is  exposed  by  retracting  the  tensor  vaginae  femoris  and  glutei 
outwards,  the  sartorius  and  rectus  inwards.  Branches  of  the  cir- 
cumflex artery  are  encountered  and  Ugated.  The  joint  capsule, 
cotyloid  ligament,  and  periosteum  of  the  femur  are  incised  in  the  line 
of  the  wound,  and  as  air  enters  the  joint,  the  articulating  surfaces  of 
the  bones  may  be  separated  and  the  ligamentum  teres  cut.  The 
periosteum  with  the  attatched  muscles  is  then  separated  from  the 
greater  tuberosity,  and  the  bone  cut  with  an  Adams'  or  a  chain  saw, 
or  with  a  chisel.  The  line  of  division  may  be  above  or  below  the 
greater  trochanter.  The  acetabulum  is  curetted;  and  if  drainage  be 
necessary,  a  counteropening  made  posteriorly. 

Langenbeck  '5  external  incision  extends  from  a  point  three  inches 
above  the  upper  border  of  the  great  trochanter  down  over  that  pro- 
minence for  four  or  five  inches  in  the  long  axis  of  the  femur,  the  patient 

32 
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lying  upon  the  sound  side  with  the  thigh  flexed  at  an  angle  of  forty- 
five  degrees.  The  skin  and  fascia  are  divided  and  the  fibers  of  the 
gluteus  maximus  separated,  thus  exposing  the  gluteus  medius  and 
pyrifonnis,  which  are  separated  with  retractors.  The  capsule  of  the 
joint  and  periosteum  over  the  greater  trochanter  are  then  incised  in 
the  line  of  the  wound,  an  additional  transverse  incision  being  made  if 
necessary,  and  the  periosteum  and  muscles  elevated.  After  cutting 
the  cotyloid  and  round  ligaments,  the  thigh  is  adducted  and  rotated 
outward,  thus  forcing  the  head  of  the  bone  through  the  wound.  The 
bone  is  usuaUy  divided  below  the  great  trochanter,  as  its  removal,  if 
the  periosteum  and  muscles  are  intact,  does  not  interfere  with  sub- 
sequent motion;  if  permitted  to  remain  it  interferes  with  drainage 
and  may  become  diseased.  A  Buck's  extension  is  applied  to  the  leg 
which,  is  supported  laterally  by  sand  bags.  The  cavity  becomes 
filled   with   fibrous   tissue   which   permits   limited   motion. 

In  the  knee  joint  (Fig.  582)  fixation  and  not  motion  is  desired 
after  resection.  An  anterior  semilunar  incision  is  made  from  the 
posterior  and  upper  border  of  one  condyle  to  the  other,  the  convexity 
closely  approaching  the  insertion  of  the  ligamentum  patellae.  After 
flexing  the  leg  to  a  right  angle,  the  superficial  tissues,  ligamentum 
patellae,  and  the  anterior,  lateral,  capsular,  and  crucial  ligaments 
are  divided  in  turn.  Carefully  protecting  the  popliteal  structures, 
the  condyles  of  the  femur  are  freed,  then  cut  in  a  plane  at  right 
angles  to  the  long  axis  of  the  bone.  The  head  of  the  tibia  is  similarly 
exposed  by  retraction  of  the  tissues,  pushed  forward,  and  the  arti- 
culating surface  shaved  off.  The  patella  and  all  of  the  infected 
synovial  membrane  and  bursae  are  then  removed,  and  a  rubber  tube 
placed  behind  the  bones,  to  emerge  at  each  angle  of  the  wound.  The 
bones  may  be  fixed  together  with  a  bone  graft,  wire,  nails,  by  sutur- 
ing the  ligaments,  or  merely  by  a  fixed  dressing  (see  Fig.  54).  The 
splint  or  plaster  cast  should  be  worn  for  at  least  eight  weeks. 

The  ankle  joint  is  seldom  resected,  as  a  modem  artificial  leg  gives 
a  more  useful  limb  than  the  ankylosed  and  fixed  joint  usually  follow- 
ing excision.  In  the  Langenbeck  operation,  a  hook-shaped  incision 
is  first  made  around  the  lower  end  of  the  fibula;  starting  three  inches 
above  the  tip  it  follows  the  posterior  border,  curves  around  the 
external  malleolus,  and  passes  upward  on  the  anterior  border  for  one 
inch.  The  periosteum  and  overlying  tissues  are  separated  from  the 
bone,  which  is  divided  at  the  upper  end  of  the  wound  and  drawn 
outward,  when  the  ligaments  attached  to  the  lower  end  are  cut.  A 
second  incision,  one  and  one-half  inches  in  length,  curves  around  the 
internal  malleolus,  and  this  is  joined  by  a  vertical  cut,  two  inches 
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made  in  the  median  line  of  the  tibia  (anchor-shaped  incision) . 
J  bone  is  freed  and  removed  as  on  the  outer  side.  A  part  or  the 
)le  of  the  astragalus  may  be  removed  through  either  wound, 
[erably  the  inner.  Another  method  is  to  make  a  transverse 
sion  across  the  front  of  the  joint  connecting  both  malleoli.  The 
ions  and  anterior  tibial  nerve  are  sutured  at  the  completion  of  the 
ration.  A  fenestrated  plaster  cast  is  applied  with  the  foot  at  a 
It  angle  with  the  leg. 


CHAPTER  XXI 

HEAD 

THE  SCALP 

Contusions  of  the  scalp  require  special  mention  only  because  of 
the  danger  of  associated  injury  to  the  brain,  for  the  symptoms  of 
which  a  careful  examination  should  always  be  made.  They  cause  an 
eflFusion  of  blood  into  the  tissues  which  may  amount  to  a  hematoma. 
In  new-born  children  the  effusion  due  to  pressure  around  the  present- 
ing part  is  called  caput  succedaneum.  Hematoma  may  be  (i)  sub- 
cutaneous, (2)  subaponeurotic,  (3)  subp)ericraniaL  (i)  Subcutaneous 
tiematoma,  i.e.,  in  the  cellular  tissue  between  the  skin  and  the  apon- 
eurosis of  the  occipitofrontaUs,  is  the  result  of  a  direct  injury,  and  is 
small,  sharply  localized,  movable,  and  often  associated  with  ecchy- 
mosis.  (2)  Subaponeurotic  hematoma^  e.,i.  in  the  loose  tissue  between 
the  occipitofrontaUs  and  the  pericranium,  may  be  caused  by  a  glanc- 
ing blow  which  sKdes  the  scalp  beyond  its  normal  range  of  movability, 
or  by  a  direct  injury,  in  which  event  the  bleeding  usually  proceeds 
from  a  fracture  of  the  skull.  It  appears  as  a  large  fluctuating  swell- 
ing, often  reaching  from  the  eyes  to  the  occiput.  (3)  Subpericranial 
hematoma  (cephalhematoma)  is  due  to  tearing  of  the  vessels  running 
from  the  pericranium  to  the  bone,  as  the  result  of  slipping  of  the 
pericranium  on  the  skull  during  birth,  or  as  the  result  of  a  glancing 
blow  in  childhood.  It  probably  never  occurs  in  adults,  in  whom  the 
pericranium  is  much  less  vascular,  because  growth  is  finished,  and  in 
whom  the  scalp  is  much  less  movable.  The  swelling  covers  a  part 
or  the  whole  of  one  bone,  usually  the  parietal,  but  does  not  extend 
beyond  the  margins  of  the  bone,  owing  to  the  attachments  of  the 
pericranium  at  the  sutures.  It  is  not  associated  with  ecchymosis, » 
and  is  immovable,  soft  in  the  center,  and,  owing  to  a  deposition  of 
fibrin,  hard  at  the  margin,  hence  may  be  mistaken  for  a  fracture  of ' 
the  skull.  The  margin,  however,  is  regular,  pits  on  pressure  (some- 
times with  moist  crepitation),  and  is  above  the  contour  of  the  head. 
In  late  cases  deception  is  still  more  easy,  as  the  edges  may  ossify  and 
slope  upwards  so  gradually  that  one  cannot  be  sure  whether  they  are 
above  the  normal  contour  of  the  skull  or  not.  In  one  of  our  cases 
there  was  parchment  crepitation  on  palpating  the  elevated  peri- 
iosteum.     Here  must  be  mentioned  also  the  possibility  of  mistaking 

a   cephalhematoma  for   a  spurious  meningocele   {vide  infra).    A 
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skiagram  may,  of  course,  demonstrate  a  fracture,  but  if  it  is  negative 
and  one  is  still  in  doubt,  particularly  if  there  are  symptoms  of  intra- 
cranial mischief,  the  parts  should  be  incised  and  carefully  e3q)lored. 
The  treatment  of  contusions  and  hematomata  of  the  scalp  is  that  of 
similar  lesions  in  other  parts  of  the  body. 

Wounds  of  the  scalp  always  require  a  careful  examination  for 
fracture  of  the  skull  or,  in  the  abscence  of  this,  for  signs  of  concussion 
or  intracranial  hemorrhage.  It  should  be  recalled  also  that  lacer- 
tion  of  the  scalp  may  have  been  the  result  of  a  fall  caused  by  a  seri- 
ous constitutional  disease  or  the  taking  of  a  poison.  If  the  wound  is 
too  small  for  exploration  and  there  are  any  suspicious  symptoms,  it 
should  be  enlarged.  A  slit  in  the  pericranium  may  feel  like  a  frac- 
ture, but  all  doubt  is  dispelled  by  careful  inspection.  A  suture  will 
not  be  taken  for  a  fracture  if  one  recalls  the  situation  of  the  suture 
and  observes  that  it  does  not  bleed.  In  the  temporal  region  a 
wound  of  the  fascia  may  resemble  a  fracture,  but  the  supposed  cere- 
bral tissue  (temporal  muscle)  will  harden  when  the  patient  shuts  his 
jaw.  A  superficial  scalp  wound,  even  if  infected,  is  rarely  a  serious 
matter;  if,  however,  the  loose  subaponeurotic  tissue  has  been  opened 
and  infected,  suppuration  may  spread  to  the  attachments  of  this 
structure,  i.e.,  to  the  eyebrows,  zygoma,  and  superior  curved  line 
of  the  occipital  bone.  A  flap  of  scalp,  even  of  the  largest  size,  retains 
its  vitality  owing  to  the  fact  that  the  vessels  run  in  the  scalp  and  do 
not  come  from  the  subjacent  structures.  The  treatment  is  that  of 
wounds  elsewhere. 

Traumatic  or  supurious  meningocle  is  a  collection  of  cerebro- 
^inal  fluid  beneath  the  scalp  following  a  fracture,  usually  in  a  child. 
It  pulsates,  has  an  impulse  on  coughing,  and  may  be  reducible.  The 
treatment  in  the  same  as  that  of  meningocele. 

Al>scess  of  the  scalp  may  be  due  to  infection  from  the  exterior 
or  to  disease  of  the  cranial  bones.  Suppuration  is  limited  in  the  same 
way  as  extravasation  in  hematoma.  In  the  subaponeurotic  form 
the  abscess  is  bounded  only  by  the  attachments  of  the  aponeurosis 
of  the  occipito  frontalis.  In  these  cases  the  constitutional  symptoms 
are  severe  and  the  infection  may  spread  to  the  intracranial  structures. 
Incision  should  be  made  above  the  zygoma  on  each  side,  above  the 
superior  curved  line  of  the  occipital  bone  behind,  and  if  necessary, 
above  the  brows  in  front. 

Tumors  (using  the  term  in  its  broadest  sense)  springing  from  the 
scalp  or  the  subjacent  structures  are  pulsating  or  non-pulsating. 
The  pulsating  tumors  include  ordinary  aneurysm,  arteriovenous 
aneurysm,  arterial  varix,  angioma,  circoid  aneurysm,  sarcoma  (of 


502  MANUAL   OF   SURGERY 

bone  or  meninges),  meningocele  (true  and  spurious),  encephalocelc 
hydrencephalocele,  hernia  cerebri,  and  other  tumors  if  situated  ove 
an  open  fontanelle.  Among  the  nan-pulsating  tumars  are  papillom 
(wart),  horns,  moles,  epithelioma,  fibroma  (when  diffuse  and  involv 
ing  a  large  part  of  the  scalp  it  is  known  as  pachydermatocele),  sar- 
coma, sebaceous  cyst,  dermoid  cyst,  subaponeurotic  lipoma,  gumma, 
syphilitic  nodes,  exostosis,  pneumatocele,  abscess  and  hematoma. 
The  cangenital  tumars  are  hematoma,  angioma,  meningocele,  en- 


PiG.  252. — Skull  showing  the  points  named  by  Broca  As,  asterion  (junction  of  the 
occipital,  parietal,  and  temporal  bones);  Basion,  middle  of  anterior  wall  of  forameQ 
magnum;  B,  bregma  (junction  of  the  sagittal  and  coronal  sutures) ;  G,  ophryon  (on  a  level 
with  the  superior  border  of  the  eyebrows,  and  corresponding  nearly  to  the  glabella,  the 
smooth  swelling  between  the  eyebrows) ;  g,  gonion  (angle  of  the  lower  jaw) ;  /,  vtdon 
(external  occipital  protuberance);  L,  lambda  (junction  of  sagittal  and  lambdoidal 
sutures) ;  iV,  nasion  (junction  of  the  nasal  and  frontal) ;  Ob,  obelion  (the  sagittal  sutore 
between  the  parietal  foramina) ;  P,  pterion  (point  of  junction  of  great  wing  of  sphenoid 
and  the  frontal,  parietal,  and  squamous  bones.  This  may  be  H-shaped  or  K-shaped.  of 
**retoume,'*  in  which  the  frontal  and  temporal  just  touch);  S.  stephanion  (or,  better. 
the  superior  stephanion,  (intersection  of  ridge  for  temporal  fascia  and  coroxial  suture): 
S\  inferior  stephanion  (intersection  of  ridge  for  temporal  muscle  and  coronal  suture}- 
(American  Text-book  of  Surgery.) 

cephalocele,  hydrencephalocele,  and  dermoid  cyst.  The  last  is 
usually  situated  at  the  outer  canthus  of  the  eye  or  root  of  the  nose 
and  sometimes  communicates  with  the  interior  of  the  skull  through 
a  congenital  opening  in  the  bone,  hence  may  be  mistaken  for  a  men- 
ingocele. Most  of  these  aflfections  have  already  been  described,  the 
rest  will  be  described  below. 

Craniocerebral  Topography  and  Cerebral  Localization. — Figure 
252  shows  Broca 's  points  marked  on  the  skull.     The  longUudiml 
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fissurcj  containing  the  longitudinal  sinus,  underlies  a  line  drawn  from 
the  glabella  to  the  inion  and  passing  along  the  sagittal  suture.  The 
^sure  of  Bichai  separates  the  cerebrum  from  the  cerebellum,  contains 
the  lateral  sinus,  and  is  indicated  by  a  line  'drawn  from  the  inion  to 
the  external  auditory  meatus.  The  fissure  of  Sylvius  runs  from  a 
point  one  and  a  quarter  inches  behind  the  external  angular  process 
of  the  frontal  bone  and  the  same  distance  above  the  zygoma,  to 
a  point  three-fourths  of  an  inch  below 
the  most  prominent  part  of  the  parietal 
eminence.  The  main  fissure  corresponds 
to  the  first  three-fourths  of  an  inch  of  this 
line,  and  the  horizontal  limb  to  the  remain- 
ing portion,  the  ascending  limb  passing  up- 
wards, parallel  to  the  coronal  suture,  for  one 
inch  from  the  junction  of  the  main  fissure 
and  the  horizontal  limb.  The  fissure  of 
Rolando  extends  from  one-half  inch  behind 
the  midpoint  between  the  glabella  and  the  inion,  downward  and 
forward  for  three  and  three-eighths  inches,  at  an  angle  of  (>^y^  de- 
grees. This  angle  may  approximately  be  found  by  taking  a  square 
piece  of  paper  and  folding  one  corner  back  on  the  line  A  C  (Fig. 
.  253),  i.e.,  from  the  middle  of  Ihe  side  D  B  to  the  corner  A.  The  side 
£  A  is  then  placed  in  the  middle  line  of  the  head,  and  the  line  A  C 
corresponds  to  the  fissure  of  Rolando,  the  angle  E  A  C  being  67^ 


Pig.  253. 


I 


^-■■^  ■  •« 
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Pic.  254. — Hbrsley's'cyrtometer. 

degrees.  Horsley's  cyrtometer  (Fig.  254)  is  an  instrument  for  mark- 
logout  the  fissure  of  Rolando.  The  precentral  or  vertical  sulcus  (Fig. 
25s)  lies  just  behind  and  parallel  to  the  coronal  suture,  or  one  con- 
volution (roughly  one  finger's  breadth)  in  front  of  the  fissure  of 
Rolando.  The  intraparietal  sulcus  begins  one  convolution  behind 
the  junction  of  the  middle  and  lower  thirds  of  the  fissure  of  Rolando 
Passes  upward  midway  between  the  Rolandic  fissure  and  the  parietal 
enunence,  then  curves  backward  between  the  longitudinal  fissure 
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and  the  parietal  eminence  into  the  occipital  lobe.  The  supramar- 
ginal  convolution  lies  behind  the  intraparietal  fissure  and  curves  over 
the  extremity  of  the  fissure  of  Sylvius,  uniting  posteriorly  with  the 


GlabeUa^ 


Position  of  parietal 
•  €ttMtei%cc 


Pario-occipiUU 

m 

Lambda 


Fissure  of  bickat 
inion 


Pig.  255. — Diagram  showing  relations  to  the  skull  of  the  middle  meningeal  artery  (in 
red)  the  superior  longitudinal  and  lateral  sinuses  (in  blue),  and  the  principal  fissures. 

angular  convolution,  which  arches  over  the  extremity  of  the  superior 

temporal  fissure  (Fig.  257). 

Kronlein's  method  (Fig.  256)  of  craniocerebral  topography  is  as 

follows:    A  horizontal  line,  A  B,  is  drawn  through  the  lower  margin 

of  the  orbit  and  upper  margin  of  the  ex- 
ternal auditory  meatus.  Above  and 
parallel  with  this  is  a  second  line,  C  D, 
on  a  level  with  the  upper  margin  of  the 
orbit.  Three  vertical  lines  are  now 
drawn,  the  first  passing  through  the 
middle  of  the  zygoma,  E  F,  the  second, 
G  H,  through  the  condyle  of  the  lower 
jaw,  and  the  third,  T  J,  through  the 

Fig.  256.— Kronlein's  method  of   posterior  margin  of  the  mastoid  process. 

craniocerebral  topography.  ^  jj^^  ^^^^^  ^^^^  ^  ^^  j  Corresponds 

between  L  and  J  to  the  fissure  of  Rolando.  The  line  K  M,  which 
bisects  the  angle  J  K  N,  corresponds  to  the  horizontal  limb  of  the 
fissure  of  Sylvius.  If  this  line  is  continued  backward  to  the  middle 
line  of  the  head  (O)  it  indicates  approximately  the  situation  of  the 
parietooccipital  fissure.  K  and  N  are  the  points  to  trephine  for  the 
anterior  and  posterior  branches  of  the  middle  meningeal  artery. 
It  should  be  recalled  that  the  cerebral  centers  exhibit  exaltation 
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lition  of  function  according  to  the  degree  of  disease  or  injury; 
lere  may  be  mania  or  coma,  spasm  or  paralysis,  hyperesthesia 
thesia,  if  the  intellectual,  motor,  or  sensory  centersrespectively 
o!ved. 


2S7-— (WaUham.)     The 


of   the   convenity   at   the   left   1 


.  Pa.  P3.  Frontal  convolutions.  F3.  Center  for  speech.  Ti,  1 
jsphenoidal  convolutions.  Ti,  center  for  hearing.  A.  Angular  convolution, 
of  dear  vision  connected  with  the  yellow  spot.  F.  S,  Sylvian  fisiure.  O. 
1  lobe.  P  P.  Intraparietal  fissure.  POP.  Parietooccipital  fissure.  Recent 
ions  tend  10  show  that  in  man  the  sensorimotor  areas  do  not  extend  much 
be  Gmutc  of  Rolando,  but  lie  mainly  in  front  of  it.     (Sherrington.) 


J58. — (Walsham.)  Median  surfait  of  left  cerebrum.     G  P.  Gyrus  Eomicatus; 
connected  with  general  sfnsation,  its  impairment  causes  hemianesthesia.      C. 
C  M  P.  CaUobomarginal  fissure-     E.  Quadrati-  lobule.      C  P.  Calcarine  fissure. 
Ute  lobule. 


!  motor  area  (Figs.  257,  358)  occupies  the  ascending  frontal 
ution  (which  hes  just  in  front  of  the  fissure  of  Rolando)  and 
s  to  the  mesial  surface  of  the  brain.  On  the  cortex  the  leg 
occupies  the  upper  third,  the  arm  center  the  middle  third, 
:e  center  the  lower  third;  on  the  median  surface  from  before 
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backward  are  the  centers  for  the  head,  trunk,  and  leg.     The  motor 
•  area  presides  over  the  muscles  of  the  opposite  side  of  the  body.    A 
lesion  in  a  motor  center  causes  localized  convulsions  followed  by 
paralysis  (monoplegia) ;  paralysis  without  preceding  spasm  occurs 
in  subcortical  lesions.    Lesions  of  the  internal  capsule  cause  hemiple- 
gia without  convulsions;  of  the  pons,  paralysis  of  the  face  on  the 
same  side  and  of  the  limbs  on  the  opposite  side  (crossed  paralysis). 
Spastic  paralysis  indicates  a  lesion  of  the  conducting  tract  rather 
than  the  motor  centers.    The  centers  for  general  sensation,  arranged 
in  like  order,  lie  in  the  post-central  or  ascending  parietal  convolution, 
just  behind  the  fissure  of  Rolando.     The  center  for  vision  is  in  the 
cuneus,  which  lies  in  the  occipital  lobe  between  the  parieto-occipital 
and  calcarine  fissures  (Fig.  258);  unilateral  destruction  of  this  area 
results  in  hemianopsia,  or  blindness  of  the  corresponding  half  of 
each  retina.     The  auditory  center  is  in  the  middle  and  posterior 
parts  of  the  first  temporosphenoidal  gyrus,  while  smell  and  taste 
are  located  in  the  uncus,  which  is  the  anterior  extremity  of  the  hip- 
pocampal  convolution;  these  centers  are  bilateral,  hence  both  sides 
must  be  damaged  to  cause  total  abolition  of  hearing,  smell,  or  taste. 
The  center  for  speech  is  the  posterior  half  of  the  third  left  frontal 
convolution  {Broca's  convolution),  in  right  handed  i>eople;  in  the  left 
handed  it  is  on  the  right  side.     Destruction  of  this  center  causes 
motor  aphasia,  or  loss  of  speech.     It  is  usually  associated  with  agra- 
phia, or  inability  to  write,  which  points  to  a  lesion  near  the  hand 
center  or  a  lesion  of  the  second  frontal  convolution.    Sensory  or 
amnesic  aphasia  includes  many  complicated  symptoms,  the  most 
important  of  which  are  word  deafness,  indicating  a  lesion  in  the  post- 
erior half  of  the  first  or  second  temporal  convolution,  and  word 
blindness  (alexia),  in  which  the  angular  and  supramarginal  gyri  are 
at  fault.    Apraxia,  or  loss  of  memory  of  the  use,  color,  odor,  taste, 
etc.,  of  objects,  also  points  to  a  lesion  in  the  supramarginal  and 
angular  gyri.     The  stereognostic  center  is  in  the  superior  parietal 
lobule;  a  lesion  in  this  region  causes  astereognosis,  or  loss  of  power  to 
recognize  the  size  and  shape  of  objects.    Reason,  intelligence,  and  will 
are  supposed  to  reside  in  the  superior  and  middle  frontal  convolu- 
tions, particularly  those  of  the  left  side.    AflFections  of  the  cerebellum^ 
especially  of  the  middle  lobe,  cause  vertigo  and  ataxia;  lesions  of  the 
lateral  lobe  cause  the  patient  to  fall  toward  the  affected  side.     Those 
portions  of  the  brain  in  which  lesions  do  not  cause  localizing  symp- 
toms are  called  silent  or  latent  regions,  viz.,  the  anterior  portion  of 
the  frontal  lobes,  the  temporosphenoidal  lobes  except  in  part  on 
the  left  side,  a  large  part  of  the  parietal  and  occipital  lobes,  and  a 
portion  of  the  cerebellum. 
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3  technic  of  cerebral  surgery  includes  the  instructions  laid  down 
general  technic  (q.v.) .     A  special  assistant  should  be  assigned 
e  bipod-pressure  records  at  frequent  intervals ;  if  the  blood  pres- 
11s  below  100  the  operation  should,  if  possible,  be  interrupted, 
mpleted  at  a  later  period.    The  head  is  shaved  and  carefully 
led  for  scars,  etc.     It  is  disinfected  with  soap  and  water, 
,  and  bichlorid  of  mercury,  i  to  4,000,  the  day  before  opera- 
id  again  at  the  time  of  operation.     In  emergency  cases  disin- 
can  be  carried  out  only  immediately  before  operation.     Ether 
es  the  bleeding,  but  is  safer  than  chloroform  for  ansthesia. 
mesthesia  is  preferred  by  many  to  avoid  the  increased  intra- 
tension  and  profuse  bleeding  from  the  scalp  which  results  with 
narcosis.     The  fissures  may  be  marked  out  with  an  aniline 
or  with  iodin,  but  as  it  will  be  necessary  to  reflect  the  soft 
the  center-pin  of  a  trephine  should  be  forced  through  the 
n  order  to  mark  the  bone,  in  three  places,  viz.,  at  each  end  of 
ure  of  Rolando,  and  at  the  point  which  will  occupy  the  center 
rephine  opening.     The  head  should  be  raised  on  a  sand  pillow 
T  to  give  it  firm  support  and  lessen  bleeding.     Unless  the 
on  can  be  performed  by  enlarging  an  existing  wound,  a 
oe-shaped  flap,  with  the  base   downward  to   preserve  the 
»upply  and  including  the  periosteum,  is  reflected  from  the 
The  skull  may  be  opened  with  a  trephine,   gouge,   chisel 
wire  saw,  or  with  a  special  drill  and  saw  attached  to  a  dental 
3r  electric  motor,  and  any  of  these  openings  may  be  enlarged 
ngeur  forceps,  after  separating  the  dura  from  the  skull  with  a 
's  dural  separator,  with  which  the  inner  surface  of  the  skull 
]o  be  explored.     The  trephine  (Fig.  259)  is  a  hollow  cylinder 
saw-edge.     It  is  provided  with  a  center-pin,  which  projects 
the  saw-edge,  and  holds  the  instrument  in  place  until  a 
in  the  skull  has  been  made.     The  pin  is  then  withdrawn,  and 
don  completed  by  twisting  the  trephine  from  left  to  right 
m  right  to  left.     When  the  diploe  has  been  reached,  there 
more  bleeding  and  lessened  resistance.     The  inner  table  is 
:ed  by  its  density;  at  this  time  one  should  proceed  with 
and  frequently  test  the  depth  of  the  groove  with  the  flat  end 
»be.     If  one  segment  of  the  circle  is  cut  through  before  the 
ler,  the  trephine  is  tilted  so  as  to  avoid  injury  to  the  dura, 
phine  should  be  conical,  or  provided  with  guards,  so  that  it 
t  plunge  suddenly  into  the  brain.     A  trephine  three-fourths 
ich  in  diameter  is  the  best  size  for  most  purposes.     Very 
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large  trephines  are  difficult  to  manage,  owing  to  the  amount  of  b 
to  be  cut  and  the  curvature  of  the  skull.  By  osteoplastic  restc 
is  meant  the  turning  back  of  a  trap-door,  consisting  of  scalp 
bone,  which  is  replaced  at  the  completion  of  the  operation, 
flap  is  outlined  by  an  incision  extending  down  to  the  bone,  but 
scalp  is  not  separated  from  the  skull.  A  groove  is  then  made  in 
bone,  in  the  line  of  incision,  with  chisel  or  saw,  and  the  section  ( 


Fig.  3SB— (i)  Gigli  wire  saw: 

pleted  with  an  osteotome.  Elevators  are  placed  beneath  the 
which  is  pried  upwards,  and  turned  back  by  fracturing  the  bone  a 
base.  By  making  a  small  opening  on  each  side  of  the  base  an 
each  corner  of  a  "-shaped  flap,  with  a  trephine,  or,  better,  wi 
Hudson  burr  (Figs.  260,  361,  and  262).  the  intervening  bone  ma; 
severed  with  forceps  (Fig.  265).  or  with  the  Gigli  wire  saw,  w 
is  passed  from  one  opening  to  the  other  beneath  the  bone  and  o\ 
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grooved  director,  the  bone  being  divided  from  within  outwards, on  a 
bevel,  thus  preventing  the  bone  from  pressing  on  the  brain  when  it  is 
replaced.  Stellwagon  has  invented  an  ingenious  instrument  for 
quickly  making  a  trap-door  in  the  skull.     Osteoplastic  resection  is 


s 


^ 


driven  by  a  hand-brace.  Rnd 


Pig.  160.  PiQ.  »6i. 

ViOs.  >6o  to  3flj.  — Huii.on's  burrs.     These  burrs 
■1'-  npi^r  throuKh  the  ^kull.  but  bind  as  soon  as  they  reach  the  dura,  thus  preserving 
'liii  mmbruko  from  injur)-.     The  amalleai  burr  is  used  first,  then  the  openins  widened 
n*a  the  larger  hurrs. 

'j<ed  du'eSy  for  exploratory  purposes  or  for  the  removal  of  tumors, 
i!i  other  words,  when  it  is  desirable  to  expose  a  large  extent  of  the 
tortRi. 

The  dura  is  opened  about  one-fourth  inch  away  from  the  bone 
so  that  subsequent  suturing  will  be  facihtated.     It  is  lifted  from  the 


Fic.  363. — Hudson's  modification  of  the  De  Vilbiss  forceps. 

brain  with  rat-tooth  forceps,  nicked  with  a- knife,  and  the  flap  com- 
pleted with  scissors.  No  antiseptic  should  be  used  after  the  dura  is 
opened.  Irrigation  with  salt  solution  also  is  contraindicated.  It 
should  be  noted  whether  the  membranes  are  edematous,  and  whether 
the  brain  pulsates  or  bulges.     Bulging  and  absence  of  pulsation 
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indicate  a  marked  increase  in  intracranial  pressure  (tumor,  abscess, 
cyst,  etc.).  Lividity,  a  yellowish  color,  or  an  increase  in  density  as 
determined  by  the  finger,  point  to  a  tumor.  The  exposed  centers 
may  be  stimulated  with  Keen's  double  brain-electrode  in  order  to 
corroborate  the  findings  of  craniocerebral  topography.  The  current 
should  be  no  more  powerful  than  that  required  to  move  themuscltt 
of  the  thumb.  If  further  exploration  is  desirable,  the  brain  maybe 
punctured  with  a  needle  or  grooved  director,  or  even  incised.  In 
removing  diseased  brain  tissue  anteroposterior  incisions  do  less 
harm  to  the  centers  than  those  placed  in  a  vertical  direction. 

Hemorrhage  from  the  scalp  is  controlled  temporarily  with  hemos- 
tatic forceps,  or  tourniquet  clamps,  permanently  with  ligatures  or 
sutures.  Bleeding  from  the  bone  is  checked  by  gauze  pressure,  by 
crushing  pieces  of  muscle  into  the  edge  of  the  bone  with  forceps,  or 
best  by  Horsely's  wax  (beeswax  7,  almond  oil  i,  salicylic  acid  i). 
Blood  vessels  in  the  dura  and  brain  may  be  tied  with  fine  suture- 
ligatures  of  silk  or  catgut,  general  oozing  may  be  controlled  with 
hot  compresses  or  by  applying  small  sections  of  tissue  removed  from 
the  temporal  muscle  (Gushing).  Bleeding  from  a  sinus  may  readily 
be  controlled  by  gauze  packing,  which  should  be  left  in  place  several 
days;  other  procedures  for  the  same  purpose  are  to  catch  the  wound 
with  forceps,  which  remain  for  several  days,  to  apply  a  lateral  Kga- 
ture,  to  suture  the  opening,  and  to  ligate  the  entire  sinus. 

The  dura  should  be  sutured  with  catgut,  the  scalp  with  silkworm 
gut,  and  a  copious  dressing  applied.  The  head  should  be  slightly 
elevated,  and  the  patient  kept  absolutely  quite. 

Excepting  osteoplastic  resection,  the  bone  is  ordinarily  not  re- 
placed, the  defect  in  the  skull  being  remedied  in  time  by  dense 
fibrous  tissue.  Bone,  either  in  chips  or  in  the  form  of  a  button,  may  ' 
however,  be  replaced,  if  during  the  operation  it  is  kept  in  salt  solu- 
tion at  a  temperature  of  105  degrees.  Osseous  defects  in  the  skull 
are  closed  by  grafts  of  cartilage  from  near  the  sterum,  by  fascia 
lata  as  well  as  with  a  portion  of  the  outer  table  of  the  neighboring 
skull,  transferred  to  the  opening  by  means  of  a  flap  of  scalp,  b 
children,  in  whom,  owing  to  the  thin  cranium  and  scalp,  the  last 
mentioned  proceeding  is  difficult,  the  defect  may  be  filled  with  4 
transplant  of  periosteum  and  bone  from  the  inner  surface  of  the 
tibia,  or  a  piece  of  the  body  of  the  scapula,  which  possesses  the  advan- 
tage of  having  periosteum  on  both  sides.  Suggestions  for  the  closui* 
of  defects  in  the  dura  will  be  found  under  hernia  cerebri.  Attempts  j 
have  been  made  to  prevent  adhesions  between  the  brain  and  ovtf* 
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lying  structures  by  interposing  rubber  tissue,  egg  membrane,  collodion , 
gold  and  silver  foil,  etc.,  and  by  the  free  transplantation  of  fat. 

rajDRIES  TO  THE  CRANIUM  AND  ITS  CONTENTS 


CoQCUSsioii  of  the  brain  is  due  to  a  shaking  or  jarring  of  the  brain 
by  direct  (e.g.,  a  blow  on  the  head)  or  indirect  force  (e.g.,  a  fall  on  the 
buttocks).  In  the  mildest  form  no  anatomical  changes  take  place, 
but  in  the  severe  variety  there  are  lacerations  of  the  brslin  tissue  and 
blood  vessels.  If  the  bleeding  from  these  lacerations  is  sufiEiciently 
great  to  exert  pressure  on  the  brain,  or  if  edema  supervenes,  the 
condition  is  one  of  compression  rather  than  concussion. 

The  symptoms  vary  from  temporary  giddiness  or  stunning,  to 
collapse  and  death.  In  a  well  marked  case  there  is  unconsciousness 
which  is  rarely  complete,  in  that  the  patient  may  be  partly  roused  by 
shouting,  pricking  the  soles  of  the  feet,  etc.  The  muscles  are  relaxed, 
the  skin  cold  and  pale,  the  temperature  subnormal,  the  respirations 
slow  and  shallow,  the  pulse  weak  and  rapid.  The  pupils  are  equal, 
react  to  light,  and  are  usually  dilated.  The  reflexes  are  sluggish  or, 
in  the  severest  cases,  abolished.  The  sphincters  are  relaxed,  so 
that  involuntary  evacuations  from  the  bowel  may  occur,  but  reten- 
tion of  urine  is  more  common  than  its  expulsion  owing  to  relaxation 
of  the  bladder  muscle.  Transient  paralyses  may  exist.  This  is  the 
stage  of  collapse,  which  may  last  from  minutes  to  hours;  it  ends 
cither  in  death  or  in  the  stage  of  reaction,  which  may  be  inagurated 
by  a  convulsion,  or  more  commonly  by  slight  movements  of  the 
extremities  and  vomiting.  The  symptoms  mentioned  above  grad- 
ually disappear,  the  temperature  rises,  perhaps  to  ioo°F.  or  a  little 
above,  and  there  is  headache,  drowsiness,  or  irritability,  which  may 
last  a  number  of  days. 

The  prognosis  should  always  be  guarded,  although  in  most  cases 
complete  and  permanent  recovery  follows.  The  early  dangers  are 
compression  from  hemorrhage  or  edema,  and  inflammation  of  the 
brain  or  meninges.  Among  the  sequelae  may  be  mentioned  cerebral 
iniability,  inveterate  headache,  vertigo,  loss  of  memory,  change  in 
character,  insanity,  epilepsy,  diabetes,  neurasthenia  and  possibly 
tumor  or  abscess.  Frequently  the  patient's  memory  is  defective  for 
the  events  immediately  preceding  the  accident. 

The  treatment  during  the  stage  of  collapse  is  the  application  of 
external  heat  and  the  administration  of  stimulants  as  in  shock. 
Alcohol,  however,  should  not  be  given  because  of  its  exciting  effect 
on  the  brain,  and  care  should  be  taken  not  to  overstimulate.     When 
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reaction  has  been  obtained,  the  patient  should  be  kept  in  bed  in  a 
quite  room,  an  ice  bag  placed  on  the  head,  the  bowels  opened  with 
a  purge,  and  the  catheter  used  if  there  is  retention  of  urine.  The 
diet  should  be  fluid  and  sedatives  used  if  necessary.  If  unconscious- 
ness is  prolonged  a  suspicion  of  greater  injury  than  concussion  shouU 
always  be  entertained.  After  severe  concussion  the  patient  shouM 
avoid  mental  exertion  for  a  number  of  weeks  or  months. 

Cerebral  irritability  may  come  on  in  a  few  hours  or  days  after 
severe  concussion  of  the  brain.  The  patient  lies  curled  up  on  his 
side,  is  restless,  irritable,  or  delirious,  and  perhaps  has  involuntary 
evacuations  from  the  bladder  and  bowels;  the  eyes  are  closed,  the 
pupils  contracted  but  react  to  light,  the  temperature  slightly  elevated 
the  pulse  weak  and  slow.  The  condition  lasts  a  few  days  or  several 
weeks,  and  ends  in  complete  recovery  or  in  permanent  impairment 
of  the  mental  faculties.  The  treatment  is  the  same  as  that  for  the 
second  stage  of  concussion. 

Compression  of  the  brain  may  be  caused  by  depressed  fracture, 
foreign  body,  intracranial  hemorrhage,  hydrocephalus,  inflammatory 
products  (including  abscess  and  edema),  and  by  cysts  and  tumors 
(including  gumma  and  tuberculous  deposits).  It  may  be  localised 
to  a  single  center,  group  of  centers,  e.g.,  in  depressed  fracture,  or 
generalized f  e.g.,  in  hydrocephalus;  or  e.g.,  in  intracranial  hemorrhage 
it  may  begin  as  the  former  and,  as  the  pressure  increases,  gradually 
merge  into  the  latter. 

The  pathological  changes  are,  first,  a  displacement  of  the  cerebro- 
spinal fluid,  then  compression  of  the  blood-vessels,  the  veins  col- 
lapsing primarily,  owing  to  their  thin  walls  and  the  low  intravenous 
blood  pressure,  and  finally  capillary  anemia,  with  loss  of  fimction  in 
the  anemic  parts.  As  the  cranial  cavity  is  divided  into  three  com- 
partments by  the  falx  and  the  tentorium,  pressure  in  one  of  these 
compartments  may  become  very  great  before  causing  generalized 
compression.  When  subtentorial  pressure  is  increased  and  the  blood 
supply  to  the  medulla  decreased,  the  vasomotor  center  at  once 
becomes  more  active  and  the  blood  pressure  rises;  thus  there  maybe 
oscillations  in  the  blood  pressure  and  consequently  irregularity  of  the 
medullary  circulation,  with  irregular  action  of  the  respiratory  center 
(Cheyne-Stokes  respiration)  and  intermittent  pulse.  Finally  intra- 
cranial pressure  exceeds  the  limit  which  intravascular  pressure  may 
attain  and  death  ensues. 

The  symptoms  are  immediate  in  depressed  fracturei  UffOfi 
bodies,  and  apoplexy.  The  onset  is  delayed  in  middle  mffoaafii 
hemorrhage  and  in  inflammatory  exudates,  aild>M  vcacr.glPidail^l 
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tumors,  cysts,  and  chronic  hydrocephalus.  In  traumatic  cases  the 
symptoms  may  bepreceeded  by  or  mixed  with  those  of  concussion. 
Local  compression  causes  irritation  or  paralysis  of  the  center  affected, 
iccording  to  the  degree  of  pressure.  The  symptoms  of  generalized 
€ompressiofi,  and  this  is  usually  what  is  meant  when  one  speaks  of 
cerebral  compression,  are,  when  the  condition  develops  gradually, 
^i)  those  of  irritation  and,  as  the  pressure  becomes  more  marked, 
those  of  paralysis  of  (2)  the  cortical  and  finally  (3)  the  bulbar 
centers,  (i)  During  the  first  stage  there  may  be  headache,  vertigo, 
lestlessncss,  delirium,  convulsions,  vomiting,  tinnitus,  contracted 
pupils,  and  choked  disc.  The  pulse  is  slow  and  full,  the  blood 
pressure  elevated,  and  the  respirations  more  rapid  and  deeper,  from 
stimulation  of  the  vagus,  vasomotor,  and  respiratory  centers.  The 
temperature  varies  with  the  cause  of  compression,  thus  trauma, 
liemorrhage.  and  shock  lower  it,  while  inflammatory  conditions  and 
lesions  of  the  pons  and  medulla  elevate  it.  Lumbar  puncture  in 
this  and  the  succeeding  stages  may  reveal  incr'^ased  tension  of  the 
cerebrospinal  fluid,  which  may  contain  blood  (in  traumatic  cases), 
pus  fin  meningitis),  or  other  evidences  of  the  causative  lesion  (see 
^inal  puncture).  (2)  In  the  second  stage,  or  the  stage  of  fully 
<lc\-eIoped  compression,  the  excitement  gives  place  to  stupor  and 
finally  to  complete  unconsciousness,  i.e.,  the  patient  cannot  be 
roused  by  shouting,  pricking  the  soles  of  the  feet,  etc.  The  face  is 
more  or  less  cyanotic  and  the  veins  of  the  eyelids  distended.  As  the 
niedullar>'  centers  resist  longer  than  the  cortex  the  pulse  remains  full 
and  slow  and  the  blood  pressure  high.  The  respiratory  center  is  the 
fet  of  the  medullary  centers  to  show  signs  of  weakening,  hence  the 
breathing  becomes  slow  and  stertorous.  The  stertor  is  due  to 
parah'sis  of  the  soft  plate,  the  flapping  of  the  cheeks  to  paralysis  of 
the  fascial  muscles.  (3)  In  the  final  stage  the  respirations  are  rapid, 
^regular,  and  of  the  Cheyne-Stokes  variety;  the  pupils  are  dilated, 
perhaps  unequal,  and  do  not  respond  to  light;  and  there  are  reten- 
tion of  urine  from  paralysis  of  the  bladder,  and  involuntary  fecal 
•^"acuations  from  relaxation  of  the  sphincter  ani.  Localized  paraly- 
ses may  be  detected  on  one  side  of  the  body  in  the  early  stages,  but 
• 

^  the  final  stage  all  the  muscles  are  equally  relaxed.  The  temper- 
ature usually  rises  and  in  fatal  cases  may  reach  106°  or  io8°F.  The 
"^kHxl  pressure  falls  (paralysis  of  the  vasomotor  center)  and  the  pulse 
'^mes  rapid  and  often  intermittent  (paralysis  of  the  vagus  center), 
*lth  ultimately  occurring,  however,  from  respiratory  failure,  as  the 
*Cttt  continues  to  beat  for  some  minutes  after  breathing  ceases. 
The  ilfaflBftlit  may  be  very  diflicult  in  cases  in  which  no  history 
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can  be  obtained.  Most  cases  of  unconsciousness  are  due  to  toxeoiia 
(e.g.,  from  nephritis,  diabetes,  infective  maladies,  terminal  infection 
in  noninfective  diseases,  ingested  poisons,  including  alcohol),  cardiac 
disease,  syncope,  apnea  (e.g.,  from  foreign  bodies  in  the  air  passages, 
coal  gas,  smoke,  drowning,  embolism  of  the  pulmonary  artery), 
disease  or  injury  of  the  brain  (e.g.,  cerebral  concussion,  compression, 
or  embolism;  epilepsy;  catalepsy;  h)rsteria),  shock  (some  of  the 
causes  of  which  may  be  overlooked,  e.g.,  internal  hemorrhage, 
lightning  stroke,  shock  from  artificial  electric  currents),  sunstroke, 
freezing,  or  malingering.  The  surgeon's  chief  concern  in  these  cases 
is  to  determine  whether  the  condition  demands  operation  or  the 
services  of  his  medical  colleague.  If  the  patient  is  cyanosed  the 
first  condition  to  be  thought  of,  because  of  the  necessity  for  instan- 
taneous action,  is  apnea,  particularly  from  a  foreign  body  in  the 
air  passages,  and  especially  if  the  individual  has  suddenly  fallen 
unconscious  while  eating.  If  pallor  is  marked  and  there  is  no 
external  wound  the  first  consideration  should  be  internal  hemorrhage. 
After  apnea  and  hemorrhage  one  should  think  first  of  poisoning, 
evidences  of  which  may  be  lound  in  the  odor  of  the  breath,  on  the 
lips,  in  the  mouth  (e.g.,  from  corrosives),  or  in  the  gastric  contents; 
a  farewell  letter  or  an  empty  bottle  may  be  discovered  in  the  patient's 
pocket.  Aside  from  the  investigations  just  suggested,  and  in  addi- 
tion to  careful  scrutiny  of  the  scalp  for  injuries,  including  incision  of  a 
contusion  for  the  purpose  of  inspecting  the  skull,  many  mistakes  may 
be  avoided,  in  doubtful  cases,  by  examining  the  urine  and  the  eye 
grounds,  by  lumbar  puncture,  and  by  making  a  skiagram  of  the  head. 
The  forms  of  unconsciousness  most  frequently  confused  with  com- 
pression of  the  brain  are  mentioned  below. 

The  symptoms  of  concussion  should  be  compared  with  those  of 
compression.  Errors  are  most  likely  to  arise  in  the  first  stage  of 
compression,  and  in  cases  in  which  concussion  precedes  and  merges 
with  compression,  eg.,  intracranial  hemorrhage. 

In  acute  alcoholism  the  patient  is  not  absolutely  unconscious;  the 
pupils  are  dilated,  equal,  and  react  to  light;  the  pulse  is  frequent; 
and  there  are  no  paralyses.  Dilated  varices  on  the  face,  injected 
eyes,  and  the  odor  of  alcohol,  are  of  lesser  importance,  since  an 
alcoholic  may  have  a  fracture  of  the  skull,  and  an  injured  man  may 
have  been  given  whisky.  A  drunken  individual  improves  after 
washing  out  the  stomach  and  as  the  effects  of  the  alcohol  pass  away. 
In  doubtful  cases  any  contusion  of  the  scalp  should  be  investigated 
by  incision,  and  the  patient  watched  for  symptoms  of  compression. 

In  opium  poisoning  the  respirations  are  very  slow,  the  pupils 
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small,  and  paralyses  absent.  It  should  be  recalled  that  in  pontine 
hemorrhage  the  pupils  are  contracted,  but  there  are  crossed  paralysis 
and  a  high  temperature. 

In  uremia  the  coma  follows  convulsions,  the  temperature  is 
subnormal,  the  face  and  feet  are  edematous,  the  pupils  are  normal  or 
dilated,  albuminuric  retinitis  is  sometimes  present,  albumin  and  casts 
are  found  in  the  urine,  and  paralyses,  except  in  rare  cases,  are  absent. 
A  chronic  nephritis  is,  because  of  the  associated  arteriosclerosis, 
predisposed  to  apoplexy,  and  uremic  coma  may  be  accompanied  by 
compression  of  the  brain  due  to  edema. 

In  apoplexy  all  the  symptoms  of  compression  are  present,  and  the 
diagnosis  can  be  made  only  by  the  history  and  the  absence  of  local 
evidences  of  injury.  The  X-ray  may  be  of  service  in  excluding  frac- 
ture of  the  skull,  lumbar  puncture  in  excluding  subdural  hemorrhage. 

Diabetic  coma  follows  somnolence,  the  respirations  are  rapid,  the 
pulse  weak,  and  there  are  sugar  and  perhaps  acetone  and  diacetic 
add  in  the  urine,  a  sweet  odor  to  the  breath,  and  no  paralyses. 

The  treatment  of  cerebral  compression,  which  is  removal  of  the 
compressing  agent  whenever  possible,  is  given  in  more  detail  in  dis- 
cussing the  causative  conditions  mentioned  above.  Irrespective  of 
the  cause,  however,  it  may  be  advisable  to  trephine  simply  for  the 
relief  of  pressure. 

Fractures  of  the  skull  are  divided  into  those  of  the  vault  and  those 
of  the  base.  They  are  produced  in  four  ways,  (i)  Bending^  or 
ifiipression  fractures  (confined  always  exclusively  to  the  vault), 
are  due  to  violence  restricted  to  a  small  area  of  the  skull,  e.g.,  a  blow 
from  a  hammer  the  bone  bending  inward  until  it  breaks.  As  with  a 
stick  that  is  broken  by  bending,  the  fracture  begins  and  is  more 
extensive  on  the  surface  made  convex  by  the  bending,  i.e.,  the  inner 
table.  (2)  Bursting,  or  compression  fractures,  may  involve  the  vault, 
the  base,  or  both.  As  the  skull  is  elastic,  when  the  head  is  squeezed 
between  two  objects  the  axis  between  the  poles  of  compression  is 
shortened,  the  equator  lengthened,  and  the  meridians  of  longitude 
separated,  the  greatest  gap  occurring  at  the  equator  hence,  the  line 
^  fracture  runs  parallel  with  the  direction  of  the  compressing  force. 
The  same  changes  may  occur  when  the  head  strikes  a  broad,  hard 
object,  as  in  a  fall  on  the  pavement,  or  when  a  broad,  hard  object 
strikes  the  head.  Since  the  skull  is  not  spherical  and  varies  greatly 
in  thickness  and  structure  in  its  different  parts,  the  fracture  does  not 
xaiT  at  the  mathematical  equator,  but  at  the  most  inelastic  point  in 
he  expanding  portion  of  the  skull.  When  this  pK)int  is  on  the 
pposite  side  to  that  which  has  been  struck,  the  fracture  is  some- 
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times,  although  incorrectly,  called  "fracture  by  contre  coupJ^  Frac- 
ture by  contre  coup  does  not  exist.  (3)  Splitting  or  wedge  action, 
is  exemplified  when  an  instrument  like  a  chisel  is  driven  into  the 
skull,  the  bone  splitting  like  a  piece  of  wood.  (4)  Explosive  action 
occurs  in  some  gunshot  wounds,  waves  of  force  being  transmitted 
from  the  bullet  to  the  cranial  contents,  the  skull  suffering  extensive 
comminution. 

In  the  repair  of  fractures  of  the  skull  very  little  callus  is  thrown 
out,  possibly  because  of  the  perfect  immobilization.  Completely 
detached  fragments  may,  in  the  absence  of  sepsis,  survive  and  unite 
with  each  other  and  with  the  uninjured  bone.  Defects  in  the  craniunr 
following  injury  or  operation  are  ultimately  filled  in  with  fine 
fibrous  tissue,  which,  if  the  opening  is  small,  may  undergo  complete 
ossification,  the  new  bone  forming  from  the  dura  and  from  the 
pericranium  at  the  margins  of  the  openings.  Large  gaps,  however, 
are  seldom  entirely  closed  by  bone.  Suggestions  for  the  operative 
closure  of  such  openings  are  made  in  the  section  on  the  technic  of 
cerebral  surgery. 

Fractures  of  the  vault  are  caused  by  direct  or  indirect  violence; 
in  the  1-  r  instance  the  bone  yields  from  compression  of  the  skull. 
Like  f  rac  *s  elsewhere  those  of  the  skull  may  be  simple  or  compound, 
complete  i  mrtial.  The  best  example  of  incomplete  fracture  is 
that  of  the  outer  table  in  the  region  of  the  frontal  sinus,  the  inner 
table  being  uninjured.  Fracture  of  the  inner  table  alone  is  rare. 
In  children  the  skull  may  be  indented  without  fracture  of  either 
table.  The  usual  injury  is  a  fissured  fracture;  if  several  fissures 
radiate  from  one  point  the  injury  is  called  a  stellate  fracture.  De- 
pressed fractures  are  generally  comminuted.  The  depression  may 
slope  evenly  from  the  sound  bone  {saucer  or  pond-shaped  fracture), 
or  the  fragment  or  fragments  may  be  completely  detached  and  de- 
pressed below  the  inner  table  {gutter  fracture).  Punctured  fractures 
are,  as  a  rule,  comminuted  and  depressed,  but  the  area  involved  is 
small.  In  all  complete  fractures  the  inner  table  is  usually  more 
involved  than  the  outer,  owing  to  its  lack  of  support  and  greater 
brittleness,  and  owing  to  the  diffusion  of  the  force,  as  pointed  out 
above. 

.  Symptoms  in  a  simple  fissure-fracture,  apart  from  local  bruising, 
may  be  absent,  and  the  condition  can  be  recognized  with  certainty 
only  by  the  X-ray,  or  after  exploratory  incision,  which  should  be 
done  if  there  are  evidences  of  compression  or  severe  concussion. 
Occas'ionally  a  cracked-pot  sound  is  obtained,  and  in  rare  instances 
a  spurious  meningocele  forms.     In  simple  depressed  fracture  the 
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indentation  may  be  masked  by  swelling.    An  old  scar  or  a  hematoma 
may  feel  like  a  depression  (seeTiematoma  of  the  scalp).     In  compound 
cases  the  fracture  may  be  seen  and  felt,  and  if  the  dura  is  injured 
there  will' be  an  escape  of  cerebrospinal  fluid  and  possibly  of  brain 
tissue.     The  possibility  of  mistaking  a  suture,  a  slit  in  the  peri- 
cranium, or  a  tear  in  the  temporal  fascia  for  a  fracture  should  be 
recalled  (see  wounds  of  the  scalp).     Fracture  of  theanner  table  alone 
is  diagnosticated  only  by  the  X-ray  or  after  trephining  for  the  associ- 
ated brain  symptoms.     The  general  cerebral  symptoms  may  be 
of  concussion  or  compression.     The  localizing  cerebral  signs  depend 
on  the  region  involved   (p.   503).     In  any  fracture  accompanied 
by  subdural   hemorrhage   lumbar   puncture    shows   bloody   cere- 
brospinal fluid.     The  prognosis  is  that  of  the  complicating  injury  of 
the  brain.     The  immediate  dangers  are  shock,  laceration  of  the 
brain,  and  compression  from  bone  or  blood.     The  intermediate 
danger  is  septic  inflammation;  and  the  remote  dangers  those  of 
concussion  (q.v.).     Of  all  Cases  of  fractured  skull  that  recover  about 
one-half  develop,  in  some  degree,  remote  ill  effects,  and  probably  20 
per  cent,  of  these  are  seriously  affected.  ^ 

Treatment  is  required  for  (i)  disinfection,  (2)  def  -sion,  or 
(3)  compression,  i.  All  compound  fractures  must  bf  innfected; 
when  the  injury  is  even  a  fissure,  it  will  often  be  necess*  ^  ^o  remove 
the  line  of  fracture  by  gouge  or  rongeur,  owing  to  the  presence  of 
hair  or  dirt  which  has  been  driven  into  the  crack.  2.  If  depression 
exists,  whether  the  fracture  is  simple  or  compound  and  whether  there 
are  symptoms  of  intracranial  trouble  or  not,  the  bone  should  be 
pried  into  place  by  an  elevator.  If  an  opening  sufficiently  large  for 
the  elevator  does  not  exist,  it  will  be  necessary  to  trephine,  the  center- 
pin  being  placed  upon  the  sound  bone  near  the  fracture.  If  there 
is  much  comminution,  it  may  be  better  to  remove  the  fragments.  In 
simple  depressed  fractures  in  children  the  same  rule  should  apply  as 
in  adults,  although  some  authors  advise  expectant  treatment  in 
these  cases.  The  reason  for  trephining  in  depression  without  symp- 
toms is  to  prevent  subsequent  cerebral  troubles,  e.g.,  epilepsy, 
insanity.  Punctured  fractures  require  trephining  both  for  depres- 
sion and  disinfection.  3.  All  fractures,  whether  simple  or  compound, 
^th  symptoms  of  compression  require  trephining.  The  only  cases 
which  are  treated  expectantly  are  those  of  simple  fracture  without 

depression  or  symptoms,  and  those  in  which  the  injury  is  very  exten- 
Mve. 

Fractures  of  the  base  of  the  skull  are  caused  by  direct  violence,  a 
stabs  or  gunshot  wounds  through  the  orbit,  nose,  mouth,  ear,  or 
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occiput,  in  which  case  the  fracture  may  be  depressed;  a  similar 
injury  results  from  a  blow  on  the  chin  which  drives  the  condyles  of 
the  jaw  into  the  middle  fossa,  or  from  a  fall  on  the  head,  feet,  or 
buttocks,  which  drives  the  vertebral  column  upwards  into  the 
posterior  fossa.  Direct  fractures  are  caused  also  by  blows  at  the 
level  of  the  base  of  the  skull,  which  split  the  base  as  a  chisel  doesa 
piece  of  wood.  Indirect  fractures  are  caused  by  extension  of  a 
fracture  of  the  vault  {irradiation)^  or  by  a  squeeze  of  the  head,  the 
resulting  fracture  running  parallel  with  the  direction  of  the  compress- 
ing force  (bursting  fraciure) ,  modified,  however,  by  the  lines  of  least 
resistance  in  the  base  of  the  skull.  Most  fractures  of  the  base  are 
compound,  communicating  with  the  air  through  the  orbit,  nose 
pharynx,  or  ear.  Fracture  of  the  middle  fossa  is  the  most  frequent; 
fracture  of  the  posterior  the  most  fatal,  because  of  the  vital  centers 
therein  contained.  The  dangers,  both  immediate  and  remote,  arc 
those  of  fracture  of  the  vault,  except  that  here  the  important  struc- 
tures at  the  base  and  the  cranial  nerves  are  much  more  likely  to  be 
implicated. 

The  symptoms  are  usually  those  of  severe  concussion  or  compres- 
sion, although  both  may  be  absent.  The  temperature  is  at  first 
subnorm^J'  from  shock,  then  rises  to  ioo°  or  ioi°F.,  and  subse- 
quently fails  to  normal  or  subnormal.  A  continuous  rise  indicates 
extensive  injury  to  the  brain  or  meninges.  Fractures  involving  the 
anterior  fossa  may  cause  prolonged  epistaxis  followed  by  a  flow  of 
cerebrospinal  fluid  from  the  nose,  and  subconjunctival  hemorrhage, 
which  is  recognized  by  its  occurrence  after  several  hours  or  days  and 
by  the  fact  that  it  comes  from  behind  forwards,  i.e.,  nowhite  sclerotic 
can  be  seen  posterior  to  it.  If  the  bleeding  is  profuse  the  eye  may  be 
pushed  forward.  Escape  of  brain  tissue  from  the  nose  or  orbit  is 
rare.  The  first,  second,  or  third  cranial  nerves  may  be  injured,  b 
fractures  of  the  middle  fossa  blood  and  cerebrospinal  fluid,  rarely 
brain  tissue,  may  escape  from  the  ears  and  occasionally  from  the  nose 
or  mouth.  It  should  be  recalled  that  bleeding  from  the  ear  may 
be  caused  by  injury  to  the  bone  or  cartilage,  or  by  rupture 
of  the  tympanum  without  fracture  of  the  base,  and  that  a 
serous  fluid  may  come  from  the  mastoid  cells  and  inner  ear.  Cere- 
brospinal fluid  may  be  recognized  by  its  watery  character,  by  the 
increase  in  flow  on  straining  or  coughing,  and  by  chemical  examina- 
tion (see  spinal  puncture).  Ecchymosis  may  be  seen  in  the  temp^ 
roparietal  region.  The  cranial  nerves  most  likely  to  be  injured  ^ 
the  sixth,  seventh,  and  eighth.  In  the  posterior  fossa  the  blood 
infiltrates  the  muscles  at  the  back  of  the  neck,  but  is  prevented  froifl 
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reaching  the  skin  by  the  cervical  fascia,  except  along  the  course  of  the 
posterior  auricular  artery,  thus  causing  a  crescentic  line_of  ecchy- 
mosis  behind  th^  ^^r-(£aUle's  si^n).  Escape  of  blood  from  the 
mouth  and  injury  to  the  cranial  nerves  are  rare.  Optic  neuritis 
occasionally  occurs  a  week  or  more  after  fracture  of  the  posterior 
fossa.  Bloody  cerebrospinal  fluid  may  be  obtained  by  lumbar  punc- 
ture, even  three  or  four  weeks  after  the  injury.  The  X-ray  often 
reveals  the  fracture. 

The  treatment  is  first  that  of  shock  as  indicated  under  concussion 
of  the  brain.  The  patient  should  be  put  in  a  dark  and  quiet  room, 
the  nose,  pharynx,  or  ear  disinfected  (Chap.  IV),  according  to  the 
situation  of  the  fracture,  and  in  case  of  the  ear  the  canal  plugged 
with  sterile  cotton  and  a  bandage  applied  over  an  external  dressing. 
Ice  should  be  applied  to  the  head,  a  purgative  administered,  and  the 
patient  kept  on  a  fluid  diet.  In  a  punctured  wound  of  the  orbit 
involving  the  base  of  the  skull,  it  will  be  necessary  to  enlarge  the 
wound  in  order  to  disinfect  thoroughly;  in  some  of  these  cases  it 
may  be  advisable  to  trephine  above  the  orbit  to  remove  depressed 
fragments  and  disinfect.  Symptoms  of  compression  indicate  bilat- 
eral subtemporal  decompression  (Gushing),  i.e.,  removal  of  a  portion 
of  bone  under  each  temporal  muscle,  with  incision  of  *he  dura. 
The  mortality  is  in  the  neighborhood  of  75  per  cent. 

Jntracranial  hemorrhage  maybe  spontaneous  (e.g., apoplexy)  or 
traumatic.  Spontaneous  hemorrhage  belongs  to  the  physician 
rather  than  to  the  surgeon,  although  in  certain  cases  of  ingravescent 
apoplexy  the  common  carotid  artery  has  been  tied,  and  in  ordinary 
apoplexy  the  removal  of  a  section  of  the  skull  has  been  suggested  in 
order  to  relieve  compression.  Traumatic  hemorrhage  may  be  ex- 
tradural (between  the  dura  and  the  bone),  subdural  (between  the 
dura  and  the  brain),  or  cerebral  (within  the  brain). 

Extradtiral  hemorrhage  may  be  due  to  a  wounded  sinus,  but  is 
most  commonly  caused  by  rupture  of  the  middle  meningeal  artery 
or  oneof  its  branches.  Fracture  is  usually  but  not  invariably  present. 
Rarely  the  bleeding  is  on  the  opposite  side  to  that  which  has  been 
struck  {contre  coup),  and  occasionally  the  hemorrhage  does  not  occur 
for  days  or  weeks  after  the  injury  {traumatic  apoplexy),  a  matter  of 
considerable  importance  from  a  medicolegal  standpoint. 

The  symptoms  are  divided  into  three  periods,  the  first  or  the 
second  of  which,  however,  may  be  absent,  (i)  Temporary  uncon- 
sciousness from  concussion,  during  which  the  pulse  is  feeble  and 
consequently  the  bleeding  slight;  (2)  a  period  of  consciousness  that 
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virie?  accvr'iir.::  :•■  :hf  ?:2c  vf  the  ve>?ci  injured,  from  a venbrirfw- 

perit>l  Tv  iL  r.\:rr.bxrT  ■. :  h..u^^.  ^iurir.i:  -ahich  the  pulse  grows  sironp  J- - 

ar.'i  the  heir.'.Trhdiri:  ir.crc^scM  her.ce     i     stiC*Kd*jr\-  unconscim^Oi 

• 

«iue  t'-'  C"ir.pre??:-r:.  '.vhich  c.-mef  «.n  srr^iduaHy  as  the  clot  increases 
ir.  Azk:.     The  p^ticr.:  bt-c•.'^-.c^  ?:-p:.:  :ind  nnaliy  comatose:  paralyi. 
[:»erharj^  prece-ic-i  by  f.vitchir.£:.  licVt-'.-ips  in  one  center,  usually  tie  j: 
hei'i  'ir  ^rr^..  :ir.i:  s!-:^-'.v  crccrvj-  :.:•  arl'acent  centers  until  the  whole 
'.■r'p'.^ite  si'ic  •:•!  the  b«>iy  is  ir.v.lved:  the  pupil  of  the  affected  side  | 
becvir.es  'iiiited  ^nri  in:r:-r.:;e  ij-ivir.?  to  the  extension  of  theclotto 
the  bise  of  the  brain:  ir.».i  ch».kex^:  .iisc  develops  on  each  side. bdng  |' 
TT.ore  rr.arke-i.  however,  '.'n  the  si'ii:  corrcspvnding  to  the  hemor: 
The  pulse  is  ir.t.-re  ir'-;:uent  th.ir.  in  «.'ther  forms  of  compressic  ■*' 
in?  t"  the  ■«•>>  oi  b''>xi;:hc  itr.:i»erature.  particularly  on  the  -t 
Ivzed  side  ri?es".  and  in  case  •:•:  fracture  blood  nnds  its  wav ater- 
nally.    Lumbar  puncture  reveals  the  cerebrospinal  fluid  clear  ol 
blot'xi.     Owini:  to  the  perio^i  •:«:  c-nsciousness  mentioned  above  sub- 
dural heniMrrhasre  has  been  confused  with  the  cerebral  form  of  W 
embolism    a. v.  . 

A 

The  treatment  is  trephininii  one  and  one-fourth  inches  b€' 
external  angular  process  o:  the  frontal  bone,  on  a  level  with  t 
m.arrin  "f  the  orbit,  thus  exposing  the  middle  meningeal  -  •'- 
anterior  branch:  if  the  c*o:  is  n.-t  found,  a  second  opening  should  be 
made  at  the  same  level  just  beneath  the  parietal  eminence,  i.e..  over 
the  posteri*.«r  branch  Figs.  :55  and  256  .  The  side  to  be  trephined 
is  that  opposite  the  paralysis,  and  not  necessarily  the  side  onwhicn 
iniurv  to  the  sca!r»  or  skull  is  evident.  The  clot  is  removed  with  the 
rineer  and  the  arterv  ?ecured  bv  a  suture-lisature.  If  the  artef)' 
has  been  ruptured  where  it  lies  in  an  osseous  canal,  such  may  be 
plueeed  with  wax.  sjauze.  or  sterile  wood,  or  eentlv  crushed  with 
f'-rceps.  The  only  n:eans  o:  diagnosticating  hemorrhage  from  ^ 
sinus  are  the  situation  of  the  injury,  and  possibly  the  slower  onset  ol 
svmptoms  L'wini!  :o  -he  low  i^ressure  of  the  blood  in  the  sinus.  The 
means  of  c«'ntroHini:  heni^crhace  from  a  sinus  have  alreadv  been 
indicated  >ce  technic  ^'i  cerebral  surirerv  .  The  mortalitv  of  e^' 
tradural  hen:-  ^rrhage  without .  ptration  is  00  per  cent.,  with  operation 
3513  per  Cent. 

Subdural  hemorrhage  ari>es  from  injuries  to  the  inner  wall  ol 
the  venous  sinuses,  frv  :n  ru:^:ure  of  the  middle  meningeal  arter)' 
the  dura  has  been  opene*:.  an.:  n'.ost  frequently  from  wounds  of  t»*^ 
middle  Cerebral  or  its  branches. 

The  symptoms  are  those  of  concussion,  rapidly  merging  '^^^ 


npression  owing  to  the  widely  diffused  clot.  In  rare  instances  the 
t  may  be  limited  and  give  localizing  symptoms.  Lumbar  puncture 
closes  bloody  cerebrospinal  fluid. 

The  treatment,  if  the  clot  can  be  localized,  is  trephining  over  the 
3on  indicated  by  the  symptoms,  removal  of  the  coagulated  blood, 
iDOStasis  by  ligature  or  packing,  and  drainage.  In  other  cases 
temporal  decompression  may  be  performed.  As  a  rule,  however, 
;  injury  is  widespread  and  but  little  can  be  accomplished  by 
erttion. 

Cerebral  hemorrhage  due  to  trauma  is  accompanied  by  injuries 
't:(Iuse  that  death  quickly  follows,  and  operation  is  indicated  only 
!■  ipresence  of  localizing  symptoms.  Seealso  wounds  of  the  brain. 
Vounds  of  the  intemal  carotid 
1^7  within  the  skull  are  quickly 
al  if  the  wound  is  large,  but  if 
ill.  recovery  sometimes  occurs 
th  the  development  of  an  aneu- 
•mal  varix  between  the  artery 
i  the  cavernous  sinus.  The 
atment  is  ligation  of  the  com- 

0  carotid  in  the  neck. 
Intercranial  hemorrhage   in 

1  new-born  may  occur  during 
6cult  labor  and  after  the  applica- 
0  of  forceps,  from  overriding  of 
'  cranial  bones,  particularly  the 
rietal,  in  which  cas?  the  veins 

plying  into  the  superior  longitudinal  sinus  are  torn. 

The  ^mptoms  are  irregular  respirations  or  asphyxia,  a  bulging, 

bly  pulsating  anterior  fontanelle,  unequal   pupils,  and  usually 

i\Tilsions;  lumbar  puncture  reveals  bloody  cerebrospinal  fluid. 

e  few  cases  that  survive  develop  idiocy,  epilepsy,  or  some  form  of 

th  palsy  (Little's  disease),  e.g.,  spastic  hemiplegia,  or,  if  both  leg 

Iters  are  involved,  spastic  paraplegia. 

The  treatment  is  removal  of  the  clots,  after  making  an  osteo- 

8tic  flap  in  one  or  both  parietal  regions,  according  to  whether  the 

eding  is  unilateral  or  bilateral. 

Edema  of  tne  brain,  local  or  generalized,  may  be  associated  with 

f  other  form  of  cerebral  compression,  augmenting  its  symptoms. 

may  follow  concussion,  contusion,  or  laceration  of  the  brain,  in 

ich  event  the  symptoms  are  practically  identical  with  those  of 

worrhage;  absence  of  blood  in  the  fluid  obtained  by  spinal  punc- 


'4 — Pul>.aiinj(  eiopihalmus  re- 
>m  aneurysmal  varix  between 
aiolid   artery  and    i 
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ture  would  favor  the  diagnosis  of  edema.  Cerebral  edema  may  occur 
also  in  mitral  stenosis  and  in  lesions,  e.g.,  tumors,  interfering  with 
the  return  flow  of  blood  from  the  head.  It  sometimes  arises  in 
chronic  nephritis,  causing  unilateral  convulsions  or  paralysis,  which 
symptoms  have  been  misinterpreted  and  the  patient  operated  upon 
for  tumor  or  abscess  of  the  brain.  The  treatment  is  that  of  the  causa- 
tive lesion.  Regardless  of  the  cause  decompression  may  be  consid- 
ered in  any  case  in  which  life  is  threatened,  even  in  uremia. 

Wounds  of  the  brain  may  be  non-penetrating,  i.e.,  those  whidi 
do  not  communicate  with  the  exterior,  or  penetrating,  i.e.,  those 
associated  with  an  external  wound. 

Non-penetrating  wotmds  are  caused  by  falls  and  blows,  and  may 
or  may  not  be  associated  with  simple  fracture  of  the  skull.  They 
vary  in  degree  from  a  limited  contusion  to  extensive  lacerations  or 
pulpification.  The  amount  of  hemorrhage  depends  upon  the  situa- 
tion and  extent  of  the  injury.  If  the  patient  recovers,  the  effused 
blood  may  be  absorbed  and  the  site  of  the  laceration  be  marked  by  a 
depressed  cicatrix,  or  the  extravasated  blood  may  become  organized 
as  a  brownish  adherent  layer  or  form  a  cyst.  In  other  cases  inflam- 
matory phenomena  supervene  and  cause  softening  of  the  brain  tissue, 
which,  if  not  extensive  or  involving. important  centers,  may  result  in 
complete  recovery.  In  more  serious  cases  the  inflammation  spreads 
to  the  meninges,  and  compression  of  the  brain  ensues  as  the  result 
of  edema  or  exudation.  It  is  generally  thought  that  cerebral  tissue, 
once  destroyed  is  never  regenerated ;  if  the  functions  of  such  tissue 
reappear,  it  is  supposed  to  be  due  to  compensatory  action  of  neighbor- 
ing centers. 

The  s]^mptoms  are  those  of  severe  concussion,  indeed  if  a  patient 
does  not  react  promptly  from  concussion,  contusion  or  laceration  of 
the  brain,  or  hemorrhage  is  probably  present.  Death  may  be  in- 
stantaneous if  the  vital  centers  are  involved.  Symptoms  of  com- 
pression, if  present  from  the  beginning,  indicate  depressed  fracture, 
or  extensive  hemorrhage  from  the  brain  tissue;  compression  coming 
on  later  is  due  to  bleeding  from  the  meningeal  vessels  or  sinuses,  or 
to  a  spreading  edema  or  inflammatory  exudate.  The  localizuiS 
symptoms  depend  upon  the  portion  of  brain  injured.  The  remote 
effects  are  those  of  concussion. 

The  treatment  depends  upon  the  symptoms.  If  concussion  is 
present  it  should  be  treated;  if  signs  of  compression  arise  the  skull 
should  be  trephined  according  to  the  localizing  symptoms,  and  de- 
pressed bone  elevated,  hemorrhage  checked,  or  drainage  institutedi 
according  to  the  cause  of  compression. 
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letratiiig  wounds  of  the  brain  are  caused  by  blows,  falls,  stabs 
inshot  wounds  and,  excepting  rare  cases,  e.g.,  a  puncture 
ti  an  open  fontanelle  or  foramen,  are  accompanied  by  fracture 
skull. 

5  symptonis  are  those  of  compound  fracture  of  the  skull  with 
)f  non-penetrating  wounds  of  tlie  brain.  In  punctures  such 
ab  wound,  in  which  important  centers  are  not  injured,  there 
3  no  symptoms  referable  to  the  brain,  as  the  injury  is  not  of 
nature  as  to  produce  concussion.  The  general  facts  regarding 
t  wounds  are  given  in  chap.  x.  In  all  open  wounds  of  the 
here  is  danger  of  septic  meningitis,  fungus  cerebri,  and  cerebral 
1.  If  proper  disinfection  can  be  carried  out  and  sterility 
ined,  the  subsequent  course  is  the  same  as  in  non-penetrating 

)  treatment  is  that  of  shock,  and  exploration,  by  enlarging 
Ip  wound  if  necessary.  Depressed  fragments  of  bone  should 
oved,  the  opening  in  the  skull,  if  small,  enlarged  with  rongeur 
,  hemorrhage  controlled,  accessible  foreign  bodies  removed, 
je  by  rubber  tube  instituted  when  infection  is  established 
dement  has  been  imperfect,  the  dura  sutured  as  far  as  possible, 
e  patient  watched  for  symptoms  of  meningitis  or  abscess, 
g  advocates  the  removal  en-bloc,  rather  than  piece  meal,  of 
1  of  cranial  penetration;  detection  of  in-driven  bony  fragments 
ber  catheter  palpation  rather  than  by  finger  or  metalic  in- 
[its;  the  use  of  dichloramine-T  in  oils  as  an  antiseptic;  the 
i  closure  of  the  wound  as  the  ideal  procedure.  Gunshot 
3S  of  the  skull,  even  with  clean  perforations,  require  trephining 
removal  of  depressed  portions  of  the  inner  table.  Tangential 
make  a  gutter  in  the  external  table  and  may  not  penetrate, 
;  inner  table  is  usually  fragmented,  and  the  fragments  are 
into  the  brain.     The  best  means  for  locating  a  bullet  is  the 

If  a  probe  is  emloyed,  it  should  be  very  light,  e.g.,  the  Fluhrer 
im  probe,  and  allowed  to  follow  the  tract  by  gravity,  the 
eing  placed  in  a  position  rendering  this  possible.  If  the 
annot  be  found  by  a  careful  but  gentle  search,  or,  if  a  formid- 
eration  would  be  necessary  to  remove  it,  even  if  localized  by 
•ay,  it  should  be  allowed  to  remain  unless  causing  distinct 
ms. 

nia  cerebri  is  a  protrusion  of  the  brain  tissue  beneath  the 
irough  a  traumatic  defect  in  the  skull,  as  the  result  of  increased 
nial  pressiire,  e.g.,  after  an  operation  for  an  irremovable 

When  there  is  a  defect  in  the  scalp  the  condition  is  called 
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prolapse  of  the  brain.  It  pulsates,  has  an  impulse  on  coughing,  and 
may  be  partly  reducible,  causing  symptoms  of  compression  of  the 
brain.  According  to  the  cause  of  increased  intracranial  pressure,  il 
increases  or  decreases  in  size.  If  uncovered  by  scalp,  septic  men- 
ingitis is  likely  to  occur;  and  if  of  large  size,  gangrene  frequently 
results.  Prolapse  of  the  brain  should  not  be  confused  with  fungus 
cerebri  (Fig.  265),  which  is  simply  exuberant  and  edematous  granula- 
tions from  the  neuroglia,  as  the  result  of  wounds  of  the  brain.  Since 
the  latter  occurs  only  when  there  is  an  opening  leading  down  to  the 
brain,  care  should  be  taken  after  operation  to  suture  the  dura  when- 
ever possible;  when  a  portion  of  the  dura  has  been  destroyed,  the 
defect  may  be  closed  with  a  Hap  of  pericranium,  sutured  in  place 
with  the  osteogenetic  sur- 
face outwards,  or  with  a 
piece  of  the  fascia  lata, 
fatty  side  in.  The  treat- 
ment of  hernia  and  pro- 
lapsus cerebri  is,  if  possible, 
the  removal  of  thecauseof 
the  increased  intracranial 
pressure.  The  size  of  the 
hernia  may  be  reduced  by 
creating  a  hernia  on  the 
opposite  side,  i.e.,  by  a  de- 
compressive operation. 
Repeated  lumbar  punc- 
tures are  of  little  value. 
The  protruding  brain  should  be  protected,  and.  if  uncovered,  dressed 
with  sterile  gauze  to  prevent  septic  contamination.  Pressure  maybe 
dangerous,  and  amputation  should  be  employed  only  when  slough- 
ing has  occurred.  The  prognosis  is  unfavorable.  Fungus  cerebri  is 
treated  by  slicing  off  the  granulations,  or  by  cauterizing  them  with 
silver  nitrate.     The  condition  is  not  serious. 


DISEASE  OF  THE  CRAimJM  AND  ITS  CONTENTS 

For  diseases  of  the  cranial  bones  see  chapter  on  diseases  of  hone. 

A  meningocele  is  a  sac  of  cerebral  membranes  containing  cerebro- 
spinal fluid  and  protuding  through  a  congenital  opening  in  the  skull 
It  occurs  most  frequently  in  the  middle  line,  midway  between  th' 
foramen  magnum  and  the  posterior  fontanelle,  but  may  be  foum 
also  at  the  root  of  the  nose,  at  any  of  the  fontanelles,  or  at  the  bas 
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of  the  skull.  It  is  round,  translucent,  pedunculated,  and  reducible; 
and  it  has  an  impulse  on  coughing,  fluctuates,  and  rarely  pulsates. 
In  meningocele,  as  well  as  in  encephalocele  and  hydrencephalocele, 
the  bony  defect  may  be  detected  by  palpation  and  the  X-ray. 
Spurious  meningocele  is  described  on  p.  501.  The  treatment  is 
excision  of  the  sac  and  closure  of  the  opening  in  the  membranes. 

Encephalocele  is  a  meningocele  containing  a  portion  of  the  brain. 
The  signs  are  the  same  as  those  of  meningocele,  except  that  the 
tumor  is  opaque,  pulsates  but  does  not  fluctuate,  and  causes  symp- 
toms of  pressure  when  reduced.  Occasionally  the  brain  tissue 
letracts  within  the  skull  and  the  tumor  becomes  a  meningocele 
which  in  rare  instances  may  undergo  spontaneous  cure  owing  to 
the  closure  of  the  opening.  The  treatment  is  excision  of  the  sac  and 
brain  tissue,  providing  no  important  center  is  involved. 

Hydrencephalocele  is  the  same  as  encephalocele,  except  that 
the  herniated  brain  tissue  contains  a  cavity  which  communicates 
with  the  ventricles.  The  swelling  is  large,  lobulated,  somewhat 
translucent,  and  rarely  pedunculated  or  reducible;  and  it  fluctuates, 
pulsates,  and  has  a  slight  impulse  on  coughing.  If  the  tumor 
contains  motor  centers  there  may  be  paralysis.  Hydrencephalocele 
knot  amenable  to  treatment  and  is  always  fatal. 

Paetmiatocele  is  a  collection  of  air  between  the  pericranium  and 
the  skull,  the  result  of  a  spontaneous  or  pathological  perforation  of 
the  frontal  sinus  or  mastoid  cells.  Of  thirty-three  cases  reported, 
twenty- three  were  occipital  and  ten  frontal.  The  tumor  is  elastic, 
tympanitic,  pseudo-fluctuant,  and  often  partly  reducible.  The  treat- 
"^t  is  puncture  and  compression;  or  better  incision,  and  plugging  of 
the  opening  in  the  bone  with  antiseptic  wax.     Figs.  266  to  268 

Hydrocephalus  is  an  excess  of  fluid  in  the  ventricles  (internal 
hydrocephalus)  or  in  the  subarachnoid  space  {external  hydrocephalus). 
The  term  external  hydrocephalus  has  been  loosely  applied  to  edema 
^f  the  piaarachnoid,  porencephaly,  and  fluid  collections  following 
'Meningitis,  but  should  be  restricted  in  its  signification  to  the  rare 
^^s  in  which,  owing  to  atrophy  or  lack  of  development  of  the 
'^rain,  there  exists  a  large  space  between  the  cerebral  cortex  and 
the  skull;  in  these  cases  surgical  treatment  is  not  indicated. 

Intenial  hydrocephalus  may  be  congenital  or  acquired.  The 
congenital  (chronic,  idiopathic)  form  is  of  unknown  origin.  Syphilis 
)r  alcoholism  in  the  parents  has  been  held  responsible  for  a  few 
ases.  The  cranium  becomes  very  much  enlarged  (Fig.  269),  the 
jperficial  veins  are  distended,  the  face  looks  small,  the  sutures 
ad  fontanelles  are  wide  and  bulging,  and  the  child  is  defective 
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mentally.    Convulsions,  optic  atrophy,  and  paralyses  may  occur 
and   death   usually  takes  place  early.     Sometimes  a   cracked  poi 


sound  may  lie  obtiiinod  on  percussion,  sometimes  fluctuation  mi 
be  felt.  :uid  occasion:illy  tht;  head  is  translucent.  The  X-ra 
reveal  the  thinned  bone  and  cerebriil  cortex,  the  wide  sutures  a 
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i,  and  the  dilated  lateral  ventricles.  Ventriculography 
eatest  value  in  the  diagnosis  of  internal  hydrocephalus, 
ling  the  ventricle  and  withdrawing  20  c.c.  of  fluid  an  equal 
air  is  introduced.  This  is  repeated  until  all  of  the  fluid 
wn.  The  acquired  form  may  be  acute  (e.g.,  from  men- 
•aking  of  an  abscess  into  the  ventricle)  or  chronic,  e.g., 
e  when  from  adhesions  or  tumor  closing  the  aqueduct  of 


?n;.  a68. — Pneumatocele,  siliiic  patient  as  Figs.  i66  und  167. 


the  foramen  of  Majcndie,  or  a  tumor  pressing  upon  the 
Uen  or  the  straight  sinus,  and  communicative  when  caused 
ed  secretion  of  the  choroid  plexsus,  decreased  absorption 
chnoid  viUi,  or  both.  It  sometimes  follows  operation  for 
la.  Dandy  suggest:;  the  rlitTcrentiation  of  the  types  of 
alus  by  the  intraventricular  injection  of  10  c.c,  of  phen- 
ithalene  when  I2  to  30  per  cent,  should  be  excreted  in  the 
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urino  thr  followinf;  2  hours;  less  than  this  iiKlicates  diminUhed 
ahsiirplioii  by  ihc  arachnoid  villi.  After  intraventricular  injection 
it  should  appear  in  the  spinal  fluid  within  1  to  3  minutes.  A  delay 
beyomi  10  minutes  indicates  the  obstructive  type.  The  symptoms 
are  those  of  compression  of  the  brain,  with,  in  the  acute  variely, 
those  of  infection.  The  contour  of  the  head  is  not  altcrt-d  in  acute 
cases,  or  in  thost;  deveUiping  after  ossification  of  the  sutures. 


The  treatment  of  acute  ludrocephalus  is  that  of  meningitis. 
Chronic  hy(ln)cei)halus  depending  upon  tumor  should  be  treated 
by  removal  of  the  tumor.  If  this  is  impossible,  relief  from  pressure 
may  be  obtained  by  makinj;  a  large  opening  in  the  skuH.  Con- 
genital hydrocephalus  cannot  be  cured.  Elastic  pressure,  the 
injection  of  Morton's  fluid  fsee  spina  bifida),  tapping  the  ventricles 
and  sj>inal  puncture  arc  practically  useless.    The  lateral  ventricle 
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nay  be  punctured  either  at  one  side  of  a  large  anterior  fontanelle, 
ir  by  making  a  small  trephine  opening  one  and  one-fourth  inches 
:bove  and  behind  the  external  auditory  meatus,  and  pushing  the 
leedle  inwards  two  and  one-fourth  inches,  towards  a  point  two  and 
ne-half  inches  above  the  opposite  meatus  (Keen).  When  due  to 
i>T>ersecretion  Dandy  suggests  the  removal  of  the  choroid  plexsus 
fter  opening  the  lateral  ventricle.  The  most  encouraging  results 
ave  been  obtained  by  means  of  horse  hair  or  catgut  strands,  one 
nd  of  which  is  introduced  into  the  lateral  ventricle  and  the  other 
laced  beneath  the  dura  or  beneath  the  skin,  thus  providing  per- 
lanent  drainage  of  the  ventricular  fluid  to  a  situation  where  it 
t«y  be  absorbed.  Payr  drains  the  ventricle  into  the  internal 
igular  by  means  of  a  tnmsplanted  vein  or  artery.  Gushing  drains 
le  Ipinal  iheca  into  the  retroperitoneal  tissues  by  a  cannula  passed 
ircKlgfa  thi-  lifth  lumbar  vertebra.  Cotteril  in  one  case  secured 
oprovemenl  by  opening  the  foramen  of  Majendie.  Stiles  ligates 
lecommon  carotids,  one  several  weeks  after  the  other,  in  an  effort  to 
:stOK  the  normal  balance  between  the  secretion  and  the  absorption 
i  ctrebtospinal  fluid- 

MiCTOcephalus,  or  abnormal  smallness  of  the  cranium,  is  due 
)  defective  development,  and  is  usually  associated  with  idiocy. 
he  patient  should  be  reffrred  to  a  school  for  the  feeble  minded, 
inesr  craniotomy  is  useless  and  will  not  be  described. 

Intraeraoial  ioflammation  may  involve  the  dura  (packymen- 
igUis),  (he  arachnoid  and  pia  (leptomeningilis) ,  or  the  brain  {enceph- 
'ilis).  In  most  instances  both  the  membranes  and  the  brain  are 
Lvoii^ed  and  the  condition  is  called  meningitis  or  encephalitis,  al- 
lou^h  mcninuo-encephalili^  would  perhaps  be  the  best  term.  Under 
lit  heading  should  \w  iiuluded  also  infective  sinus  thrombosis. 

Pachymeningitis  externa,  i.e.,  inflammation  of  the  outer  layer 
'  tbc  dura,  is  due  to  injury,  syphilis,  or  to  diseases  of  the  cranial 
Hua,  particularly  of  the  osseous  tissue  surrounding  the  middle 
a.  In  the  simple  form  the  membrane  is  thickened,  perhaps 
lu^g  a  persistent  localized  headache.  In  the  suppurative  variet)' 
as  collects  between  the  dura  and  the  bone,  and  the  symptoms  and 
eatment  are  identical  with  those  of  extradural  abscess. 

Pachymeningitis  interna  may  be  due  to  extension  from  the 
jler  layer  of  the  dura  or  from  the  pia  and  arachnoid.  Pachy- 
eningitis  interna  kemorrkagica  {hematoma  of  the  dura  mater)  is 
lused  by  the  rupture  of  vessels  in  a  vascular  layer  which  forms  on 
le  inner  surface  of  the  dura.  The  condition  is  generally  bilateral, 
id   is  found  most  frequently  in  the  insane,  alcoholic,  syphilitic, 
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and  in  the  aged,  although  it  may  be  associated  with  infectiouii 
fevers  and  diseases  of  the  blood.  The  sjinptoms  are  those  of 
cerebral  irritation  and  slowly  progressing  compression,  perhaps 
with  localizing  phenomena.  The  treatment  is  trephining  on  both 
sides  and  removal  of  the  subdural  clot. 

Leptomenixigitis,  or  inflammation  of  the  pia-arachnoid,  may  be 
acute  or  chronic,  localized  or  diffused. 

Acute  leptomeningitis  may  be  primary,  e.g.,  in  wounds  (pyogenic 
organisms)  and  in  epidemic  cerebrospinal  meningitis  (diplococcus 
intracellularis  meningitidis),  but  it  is  most  frequently  secondary 
to  infective  diseases  of  the  scalp,  cranium,  and  face,  e.g.,  er>'sipelas, 
carbuncle,  caries,  necrosis,  and  middle  ear  disease,  or  to  pyemia, 
pneumonia,  ty^^hoid,  influenza,  diphtheria,  gonorrhea,  anthrax, 
actinomycosis,  tuberculosis,  or  sun-stroke.  It  occurs  too  as  a 
terminal  infection  in  many  chronic  maladies,  including  chronic 
alcoholism  (pyogenic  organisms).  Thus  a  great  variety  of  bacteria 
may  be  responsible  for  the  condition.  The  inflammation  is  essen- 
tially the  same  as  in  other  parts  of  the  body.  The  subarachnoid 
space  becomes  distended  with  a  cloudy^  or  purulent  fluid,  and  the 
brain  becomes  edematous  and  covered  with  lymph  and  frequently 
shows  small  hemorrhages.  Extension  to  the  meninges  of  the  cord 
is  very  apt  to  follow.  Should  recovery  occur,  the  patient  is  liable 
to  suffer  from  the  changes  which  occur  in  the  brain  tissue,  or  from 
adhesions  which  shut  off  the  ventricles  (hydrocephalus)  or  which 
form  at  the  cortex  or  base  of  the  brain  (epilepsy,  paralyses  of  the 
cranial  nerves,  etc.). 

The  s]^mptoms  in  traumatic  cases  usually  come  on  within  two 
or  three  days,  although  there  is  a  subacute  form  in  which  the  onset 
may  be  delayed  for  a  number  of  days  or  even  weeks,  probably  the 
result  of  a  late  infection  by  way  of  the  blood  or  lymph  vessels- 
The  symptoms  are  those  of  (i)  sepsis,  viz.,  chills,  irregular  fever, 
and  the  changes  associated  with  fever;  (2)  those  of  irritation  of  the 
brain,  which  occur  in  the  early  stages,  viz.,  severe  headache,  voiH' 
iting,   stiff  neck,  rigidity  of  other  muscles  (producing  in  the  leg 
Kernig's  sign),  delirium,  photophobia,  contracted  pupils,  hyper- 
esthesia, and  convulsions;  and   (3)   those  due  to  pressure,  whid^ 
occur  during  the  terminal  stage,  viz..  coma,  dilated  unequal  pupilSt 
optic  neuritis,  strabismus,  paralyses  in  other  parts  of  the  body> 
slow  pulse,  and  stertorous  respirations.     Upon  lumbar  puncture 
the  cerebrospinal  fluid  spurts  out;  it  contains  many  polymorphcK 
nuclear  leukocytes  in  septic  cases,  many  lymphocytes  in  tuberculous 
cases,  the  causative  bacteria,  and  no  dextrose. 
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The  treatment  is  to  place  the  patient  in  a  quiet  darkened  room, 

put  ice  to  the  head,  administer  laxatives  and  apply  wet  cups  to 

the  mastoid   (to  drain  the  mastoid  vein)  and  back  of  the  neck. 

Sedatives,   such   as  bromid   of  potassium,   are  used  in  the  early 

stages,  stimulants  in  the  final  stage.     Mercury  and  potassium  iodid 

are  often  employed.     In  epidemic  cerebrospinal  meningitis  Flexner  *s 

serum    has  proved  of  value.    Lumbar  puncture  may  be  used  to 

remove  pressure  temporarily;  the  ventricles  also  have  been  tapped 

for  the  same  indication.     Trephining  for  drainage  is  indicated  if 

the  process  is  localized,  and  has  been  employed  in  even  the  diffuse 

form,  with,  however,  very  little  encouragement,  the  opening  being 

made  in  the  occipital  bone  towards  the  base  of  the  brain  so  as  to 

drain  the  cisterna  magna. 

CSuronic  leptomeningitis  may  follow  trauma  and  is  not  infre- 
quently seen  in  syphilitics  and  alcoholics.  The  membranes  are 
thickened  and  are  adherent  to  the  brain,  causing  persistent  local- 
iied  headache,  tenderness,  and  sometimes  epilepsy.  The  treaUneni 
is  the  administration  of  sedatives  and  potassium  iodid,  or  if  these 
fail  trephining. 

Infective  thrombosis  of  the  venous  sinuses  may  be  due  to  pri- 
mary infection  in  compound  fractures  of  the  skull  or  in  the  acute 
infective  fevers,  but  is  usually  secondary  to  infections  of  the  ear, 
nose,  phar>'nx,  face,  orbit,  or  scalp,  the  primary  inflammation 
Reading  by  contiguity,  or  by  setting  up  a  phlebitis  which  extends 
inwards  to  the  sinuses.  In  two-thirds  of  the  cases  the  cause  is 
disease  of  the  middle  ear,  and  the  lateral  sinus  is  the  one  affected. 
Meningitis  and  brain  abscess  are  not  infrequent  complications. 
The  symptoms  are'  due  to  (i)  the  infective  process  and  (2)  to 
the  thrombosis,  i.  The  infective  symptoms  are  those  of  sep- 
ticemia or  more  frequently  pyemia;  some  cases  resemble  typhoid 
fever,  in  others  pulmonary  symptoms  are  prominent  owing  to 
infection  of  the  lungs  with  emboli.  If  the  infection  spreads  to  the 
meninges,  there  will  be  irritation  or  compression  of  the  brain,  as 
indicated  under  meningitis.  2.  The  symptoms  due  to  the  throm- 
Ixteis  vary  with  the  sinus  affected.  Thrombosis  of  the  lateral 
mus  causes  pain,  tenderness,  and  edema  along  the  line  of  the  sinus, 
over  the  mastoid,  and  along  the  jugular  if  the  latter  is  invaded. 
There  will  be  a  histor>'  of  suppurative  middle  ear  disease,  with 
P^haps  an  oflFensive  discharge  which  has  ceased  with  the  onset  of 
the  symptoms  of  sinus  thrombosis.  The  pneumogastric,  glosso- 
pharyngeal, and  spinal  accessory  nerves  may  be  paralyzed  by 
pressure   in    the   jugular   foramen.     Thrombosis   of    the    superior 
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longitudinal  sinus  causes  pain,  tenderness,  and  edema  along  the 
sinus  and  over  the  forehead,  epistaxis,  and  possibly  convulsions 
from  irritation  of  the  motor  area.  Thrombosis  of  the  cavernous 
sifius  causes  exophthalmos,  edema  of  the  orbit  and  eyelids,  choked 
disc,  and  paralysis  of  the  third,  fourth,  ophthalmic  branch  of  the 
fifth,  and  sixth  cranial  nerves.  Thrombosis  of  the  petrosal  sinus 
gives  no  localizing  symptoms. 

The  treatment  of  thrombosis  of  the  lateral  sinus  due  to  middle 
ear  disease  is  to  clean  out  the  mastoid  (p.  568),  and  then  expK)se  the 
sinus  by  gouging  or  chiseling  away  the  bone  at  the  posterior  part 
of  the  opening.  Any  pus  in  the  groove  of  the  sinus  is  washed  away, 
and  an  attempt  is  made  to  confirm  the  diagnosis  by  palpating  the 
sinus  and  by  introducing  a  hollow  needle.  If  no  blood  flows  through 
the  needle  thrombosis  is  present,  if  blood  flows  through  the  needle 
it  should  be  withdrawn  until  the  point  is  just  within  the  sinus,  to 
make  sure  there  is  no  mural  thrombus.  After  the  diagnosis  has 
been  confirmed,  the  internal  jugular  vein  should  be  tied  below  any 
existing  thrombus  to  prevent  septic  dissemination.  The  sinus  is 
then  opened,  and  the  clot  removed  by  curetting  until  free  bleeding 
is  obtained,  which  is  easily  controlled  by  forcing  gauze  between  the 
sinus  and  the  bone.  If  the  jugular  is  involved  it  should  be  excised 
above  the  ligature  which  has  been  placed  on  it,  and  irrigation 
practised  from  the  opening  in  the  skull  through  to  that  in  the  neck. 
Both  wounds  should  be  packed  with  sterile  gauze.  Death  is  prac- 
tically certain  without  operation,  while  the  mortality  after  operation 
is  about  50  per  cent.  Inflammation  of  the  longitudinal  sinus  should 
be  dealt  with  in  a  similar  way,  but  the  remaining  sinuses  of  the  head 
are  practically  inaccessible,  although  attempts  have  been  made 
to  drain  the  cavernous  sinus  through  an  opening  in  the  temporal 
fossa,  somewhat  like  that  used  to  expose  the  Gasserian  ganglion. 

Intracranial  abscesses  may  he  between  the  dura  and  the  skull 
{extradural) J  between  the  dura  and  the  brain  {subdural),  or  in  the 
brain  substance  {cerebral  or  cerebellar) .  The  causes  are  those  already 
indicated  under  intracranial  inflammation,  50  per  cent,  being  due 
to  chronic  suppurative  otitis  media. 

Extradural  abscess  causes  fever  with  or  without  chills,  edema  of 
the  scalp  over  the  abscess  {Pottos  puffy  tumor),  a  discharging  sinus  if 
due  to  bone  disease  or  compound  fracture,  localized  headache  and 
tenderness,  and  pressure  symptoms,  e.g.,  spasm  or  paralysis  if  over 
the  motor  area,  optic  neuritis  or  dilated  pupil  if  near  the  base,  etc. 
Coma  finally  occurs,  owing  to  the  growth  of  the  abscess,  or  to  the 
extension  of  the  inflammation  to  the  meninges  and  the  brain.     The 
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I-ray  may  localize  the  abscess,  especially  if  it  is  due  to  disease  of  the 
one.  The  treatment  is  drainage  by  enlarging  a  sinus,  if  such  exists, 
r  by  trephining.  If  due  to  middle  ear  disease,  the  mastoid  is 
pened  and  the  abscess  usually  found  by  following  a  sinus. 

Subdural  abscess  and  abscess  of  the  brain  cannot  be  differen- 
iated.  Excepting  those  due  to  tuberculosis  and  pyemia,  the  abscess 
s  usually  single.  In  traumatic  cases  it  is  generally  under  that  por- 
ion  of  the  scalp  which  has  been  struck,  but  it  may  be  on  the  opposite 
side  of  the  brain  just  like  contusions  and  lacerations.  Abscesses  due 
to  middle  ear  disease  are  most  common  in  the  temporosphenoidal 
lobe  and  next  in  the  cerebellum,  nine- tenths  being  within  a  circle 
irhose  center  is  one  and  one-fourth  inches  above  and  behind  the  ex- 
ternal auditory  meatus,  and  whose  radius  is  one  and  one-fourth  inches. 
The  abscess  may  be  just  beneath  the  membranes,  or  it  may  lie  some 
distance  below  the  surface  of  the  brain,  the  infection  having  traveled 
akmg  the  blood  or  lymph  vessels. 

The  symptoms  may  be  .either  acute  or  chronic,  and  are  due  to  the 
absorption  of  septic  products  and  to  compression  of  the  brain.  In 
flCKte  cases,  the  best  example  of  which  is  seen  a  few  days  after  a  com- 
pound fracture  of  the  skull,  there  are  severe  headache,  fever,  perhaps 
chills,  and  the  rapid  development  of  pressure  symptoms,  in  a  word 
the  symptoms  of  meningo-encephalitis,  from  which  the  condition 
cannot  be  distinguished  unless  there  are  localizing  symptoms.  In 
the  course  of  a  chronic  abscess  the  same  group  of  symptoms  may 
suddenly  arise,  owing  to  the  bursting  of  the  abscess  into  the  lateral 
ventricle  or  on  the  surface  of  the  brain.  Chronic  abscess  seldom 
begins  within  one  week  of  an  injury,  and  it  may  not  appear  for 
months  or  even  years.  In  a  typical  case  the  signs  of  septic  absorp- 
tion are  slight  or  absent,  thus  there  may  be  an  initial  rise  in  the 
temperature,  but  it  soon  falls  to  normal  or  subnormal,  although 
the  local  temj>erature  over  the  abscess  remains  elevated.  The 
s>Tnptoms  of  compression  come  on  slowly  in  the  course  of  weeks 
^  months.  They  are  persistent  headache,  often  most  marked 
'^d  associated  with  tenderness)  over  the  abscess;  cerebral  vomiting, 
^hich  is  distinguished  by  its  explosive  character,  the  absence  of 
'^usea,  the  presence  of  a  clean  tongue,  and  by  the  fact  that  it  has  no 
^elation  to  the  ingestion  of  food;  slow,  full  pulse;  mental  hebetude 
Qierging  into  coma,  with  Cheyne-Stokes  respiration  in  the  final 
stages;  optic  neuritis,  which  if  bilateral  is  more  marked  on  the  affected 
idt;  dilated  fixed  pupil  on  the  diseased  side;  ptosis  or  strabismus; 
<mvul^ons  or  paralyses  of  the  face,  arm,  or  leg ;  interference  with  the 
peciai  senses;  and  vertigo,  ataxia,  etc.,  according  to  the  portion  of 
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brain  involved  (see  cerebral  localization) .  Localizing  symptoms  in 
abscess  of  the  temporosphenoidal  lobe  are  often  absent.  Sometimes 
the  abscess  can  be  demonstrated  by  X-ray  examination. 

The  diagnosis  of  chronic  abscess  from  acute  meningitis  is  made  by 
noting  that  the  latter  commences  a  few  days  after  injury,  that  it  is 
associated  with  fever,  delirium,  contracted  pupils,  photophobia,  and 
stiff  neck,  and  that  the  whole  course  is  very  acute.  Lumbar  punc- 
ture (q.v.)  is  of  diagnostic  value.  Mastoid  disease  alone  may  cause 
cerebral  s^inptoms,  bui  opening  the  mastoid  will  cause  these  symp- 
toms to  subside.  Thrombosis  of  the  lateral  sinus  is  associated  with 
chills,  fever,  and  sweats,  and  there  are  local  evidences  of  thrombosis. 
Tumor  of  the  brain  comes  on  more  slowly  than  abscess,  but  presents 
earlier  localizing  symptoms.  Uremia  may  cause  symptoms  ven' 
much  like  those  of  abscess. 

The  treatment  is  trephining,  according  to  the  localizing  symp- 
toms, and  drainage.  The  dura  may  be  opened  by  a  crucial  incision, 
which  will  be  all  that  is  needed  if  the  abscess  is  subdural.  If  it  lies 
beneath  the  cortex  the  livid  and  edematous  brain  will  bulge  into  the 
opening  and  there  will  be  absence  of  pulsation.  The  exact  site  of  the 
abscess  should  be  determined  by  a  grooved  director  or  trocar  and 
cannula,  when  a  pair  of  hemostatic  forceps  may  be  pushed  along  the 
exploring  instrument  into  the  abscess,  opened,  and  withdrawn. 
The  cavity  is  drained  by  means  of  a  double  rubber  tube,  around 
the  projecting  portion  of  which  gauze  may  be  packed  to  protect  the 
meningeal  cavity.  Curetting  and  irrigation  are  contraindicated. 
In  abscess  due  to  middle  ear  disease  the  mastoid  should  first  be 
opened  and  any  sinus  followed,  thus  perhaps  evacuating  an  extra- 
dural or  even  a  subdural  collection  of  pus.  If  the  abscess  is  in  the 
temporosphenoidal  lobe,  the  incision  in  the  soft  parts  may  be  ex- 
tended upwards,  and  the  skull  opened  about  three-fourths  of  an 
inch  above  the  posterior  root  of  the  zygoma,  on  a  line  with  the  poste- 
rior border  of  the  bony  auditory  meatus.  Barker  advises  trephining 
one  and  one-fourth  inches  above  and  behind  the  external  auditor)' 
meatus.  For  abscess  of  the  cerebellum  the  trephine  is  made  belo^ 
the  lateral  sinus,  midway  between  the  inion  and  the  mastoid,  al* 
though  it  may  sometimes  be  reached  by  deepening  and  enlarging  the 
opening  which  has  been  made  in  the  mastoid. 

Intracranial  tumors  may  spring  from  the  interior  of  the  skull  or 
from  any  of  the  intracranial  tissues,  or  they  may  be  metastatic,  the 
primary  tumor  existing  in  some  other  portion  of  the  body.  In  this 
region  the  term  tumor  is  used  in  a  broad  sense,  and  includes  not  only 
neoplasms,  but  cysts  and  growths  due  to  parasites  and  the  infecti0tts 
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granulomata.  Speaking  in  round  numbers  33)^  per  cent,  are 
sarcomata  (including  endothelioma,  psammoma,  and  glioma), 
25  per  cent,  tuberculous,  10  per  cent,  cysts  (usually  resulting  from 
old  blood  clots;  dermoids,  hydatids,  and  cysticerci  are  very  rare), 
5  p>er  cent,  secondary  carcinomata,  and  3  per  cent,  gummata.  Be- 
nign tumors  of  the  connective  tissue  type  are  exceptional;  adenoma 
is  occasionally  foimd  in  the  pituitary  body.  About  two-thirds  of  all 
tumors  are  situated  in  the  cerebrum,  one-third  in  the  cerebellum. 
They  are  more  frequent  in  males  than  in  females. 

The  symptoms  are  those  (i)  of  general  and  (2)  of  local  compres- 
sion, (i)  The  general  symptoms  are  constant  severe  headache,  which 
may  be  localized  to  the  site  of  disease,  and  associated  with  tender- 
ness if  the  tumor  be  superficial;  cerebral  vomiting  (p.  533);  gener- 
alized con\ailsions;  in  80  per  cent,  of  the  cases  optic  neuritis,  which  is 
usually  double  and  more  marked  on  the  affected  side  (unilateral 
choked  disc  indicates  a  tumor  near  the  back  of  the  orbit  on  the  same 
side) ;  limitation  of  the  visual  field  for  blue,  or  blue  blindness  (Gush- 
ing); vertigo,  particularly  in  cerebellar  tumors;  inequality  of  the 
pupils;  and  stupor  or  other  mental  symptoms,  finally  merging  into 
coma,  with  slow  pulse  and  Cheyne-Stokes  respirations.  The  tem- 
perature is  normal  or  subnormal  unless  there  is  a  complicating 
meningitis.  (2)  The  localizing  symptoms  are,  according  to  the  loca- 
tion of  the  tumor,  interference  with  the  special  senses,  spasm  or 
paralysis  of  any  of  the  eye  muscles  or  of  muscles  in  other  portions  of 
the  body,  anesthesia  (rare  unless  the  internal  capsule  is  involved), 
etc.  (see  cerebral  localization).  Localizing  symptoms  are  absent  if 
the  tumor  lies  in  a  silent  region.  Tumors  in  the  cerebello-pontine 
angle  may  cause  irritation  or  paralysis  of  the  third,  fifth,  sixth, 
seventh,  and  eighth  nerves.  The  symptoms  of  pituitary  tumors 
are  given  below. 

The  diagnosis  from  abscess  is  given  under  abscess  (vide  supra). 
Chronic  uremia^  and  occasionally  lead  poisonings  may  cause  headache, 
vomiting,  convulsions,  and  optic  neuritis,  so  that  a  careful  examina- 
tion should  be  made  for  these  conditions.  Optic  neuritis  may  occur 
also  in  other  forms  of  totemia,  e.g.,  from  arsenic,  alcohol,  diabetes, 
acute  infectious  fevers,  as  well  as  in  anemia,  cerebral  syphilis,  sinus 
thrombosis  and  all  forms  of  compression  of  the  brain.  Occasionally 
no  cause  for  it  can  be  found,  and  sometimes  it  is  hereditary.  Many 
cases  of  tumor,  particularly  in  the  silent  regions  of  the  brain,  are 
wrongly,  or  perhaps  we  should  say,  incompletely  diagnosticated  as 
hysteria,  neurasthenia,  migraine,  or  essential  epilepsy,  these  condi- 
tions really  being  secondary  to  the  cerebral  growth.    The  situation 
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of  a  tumor  is  determined  by  the  localizing  symptoms  and  occasionally 
by  the  X-ray.  A  cortical  tumor  often  causes  tenderness  over  the 
growth  and  a  local  rise  in  the  temperature,  and  is  not  associated  with 
anesthesia.  Multiple  tumors,  of  which  the  most  frequent  are 
the  tuberculous,  metastatic,  and  gummata,  may  be  suspected  if 
widely  separated  centers  are  involved.  The  size  of  the  tumor  may 
be  indicated  by  the  number  of  centers  involved  and  the  degree  of 
compression.  The  nature  of  the  tumor  can  rarely  be  foretold. 
Those  which  most  frequently  follow  injury  are  sarcomatous.  Tuber- 
culous masses  are  apt  to  occur  before  the  twentieth  year,  and  to  be 
associated  with  tuberculosis  elsewhere;  the  patient  may  react  to  one 
of  the  tuberculin  tests,  and  tubercles  on  the  choroid  are  occasionally 
seen  with  the  ophthalmoscope.  The  history  of  syphilis  or  of  a 
primary  malignant  tumor  in  some  other  portion  of  the  body  mayaid 
in  arriving  at  a  correct  diagnosis,  as  may  also  the  Wassermann  test. 
Lumbar  puncture  may  be  of  service,  but  only  a  small  quantity  of  fluid 
should  be  withdrawn,  as  several  fatalities  have  followed  the  escape 
of  a  large  amount,  probably  owing  to  impaction  of  the  brain  stem  in 
the  foramen  magnum. 

The  prognosis  is  exceedingly  gloomy.  Excepting  the  gummata, 
death  is  inevitable  without  operation,  and  almost  95  per  cent,  are 
inoperable.  In  25  per  cent,  of  those  subjected  to  exploration  the 
tumor  is  not  found,  and  the  operative  mortality  is  about  ^^li  per 
cent,  for  cerebral  tumors  and  60  per  cent,  for  cerebellar  tumors. 
Of  those  which  survive  the  removal  of  a  malignant  growth,  prac- 
tically all  will  be  the  victims  of  recurrence.  The  damage  to  the 
nervous  centers  caused  by  the  tumor,  even  if  it  has  been  safely 
removed,  is  usually  permanent. 

The  treatment,  at  first  is  usually  the  administration  of  potassiuiJi 
iodid,  with  the  hope  that  the  growth  may  be  syphilitic.  If  no  im^ 
provement  is  noticed  within  six  weeks,  operation  should  be  under^ 
taken.  If  the  Wassermann  reaction  is  absent,  one  may  dispense 
with  this  preliminary  treatment.  The  skull  over  the  area  indicated 
by  the  symptoms  is  opened  by  an  osteoplastic  flap  at  least  three  or 
four  inches  in  diameter.  If  the  patient's  condition  is  poor,  the 
flap  may  be  replaced  and  the  operation  completed  after  several  days 
{operation  in  two  stages).  The  dura  is  opened  as  indicated  in  the 
chapter  on  technic,  and  the  tumor  enucleated  with  the  finger  or 
handle  of  a  knife,  after  incising  the  brain  tissue  if  the  tumor  be 
subcortical.  The  cavities  resulting  from  the  removal  of  tumors 
or  cysts  may  be  filled  with  transplanted  fat,  enough  fascia  being 
attached  to  close  the  dural  defect.    If  the  tumor  cannot  be  removed, 
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the  dura  should  be  allowed  to  gap,  and  the  scalp  sutured  after  strip- 
ping the  bone  from  the  inner  side  of  the  osteoplastic  flap,  so  that  at  least 
relief  from  pressure  may  be  obtained.  When  the  growth  cannot  be 
localized  or  is  known  to  be  irremovable  decompression  may  be  delib- 
erately undertaken  to  relieve  headache  and  vomiting,  prevent 
blindness,  and  prolong  life.  In  such  cases,  if  the  tumor  be  cerebral 
the  bone  and  dura  beneath  the  right  temporal  muscle  (the  speech 
center  is  on  the  left  side)  should  be  removed,  through  a  straight 
longitudinal  incision.  Cerebellar  decompression  is  made  by  remov- 
ing the  bone  and  dura,  on  each  side,  from  the  superior  curved  line  of 
the  occipital  bone  to  the  foramen  magnum,  after  reflecting  the  soft 
tissues  as  a  flap. 

Tumors  of  the  pituitary  body  (hypophysis  cerebri) ,  in  addition  to 
the  general  symptoms  of  brain  tumor,  may  cause  bitemporal  hemi- 
anopsia (primary  atrophy  of  the  nasal  half  of  each  optic  disc)  from 
pressure  on  the  optic  chiasm,  and,  as  shown  by  the  X-ray,  excavation 
of  the  sella  turcica.  As  with  tumors  of  the  thyroid  gland  the  function 
of  the  hypK)physis  may  be  increased  or  decreased.  Hyperpituitarism 
fincreased  activity  of  the  anterior  lobe)  causes  gigantism  in  youth, 
acromegaly  (q.v.)  in  adults.  Hypopituitarism  (decreased  activity 
of  the  posterior  lobe)  causes  dystrophia  adiposogenitalis,  i.e.,  small 
stature,  infantile  genitalia  (with  impotence  in  men,  amenorrhea  in 
^omen),  hypotrichosis,  obesity,  drowsiness,  insensitivity,  slow  pulse 
and  respirations,  low  blood  pressure,  subnormal  temperature,  and 
liigh  tolerance  for  carbohydrates,  i.e.,  it  is  difiicult  or  impossible  to 
produce  glycosuria  by  giving  large  quantities  of  sugar.  Little  is 
^own  of  the  effects  of  decreased  activity  of  the  anterior  lobe  and 

• 

increased  activity  of  the  posterior  lobe.     The  tumor  may  be  removed 

'''om  the  front,  after  osteoplastic  resection  of  the  lower  portion  of  the 

'fontal  bone,  ligation  of  the  longitudinal  sinus,  and  elevation  of  the 

frontal  lobes;  from  the  side,  as  in  the  operation  for  resection  of  the 

^^sserian  ganglion;  through  the  body  of  the  sphenoid,  after  reflecting 

^^  nose  to  one  side  and  removing  the  turbinate  bodies  and  vomer; 

^^  by  one  of  the  several  modifications  of  these  operations.     Care  is 

^en  not  to  excise  the  entire  gland,  as  complete  ablation  results  in 

^^chexia  hypophyseopriva  and  death. 

Epilepsy,  from  an  etiologic  and  therapeutic  standpoint,  may  be 
^^-ided  into  two  forms,  the  idiopathic  and  the  symptomatic.  When 
^^  cause  can  be  determined  the  disease  is  called  idiopathic,  or  essen- 
^'^',  and  surgical  treatment  is  not  indicated.  It  is  true,  however 
Aat  operations,  e.g.,  decompression  (Kocher),  ligation  of  the  longi- 
tudinal  sinus   (Delangeniere),   carotid,    or   vertebral   artery,    and 
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removal  of  the  cervical  sympathetic  ganglia,  have  been  recommended 
for  this  disease,  but  such  are  generally  regarded  in  the  same  light  as 
an  accident,  a  severe  shock,  or  in  fact  an  operation  in  any  portion  of 
the  body,  which  is  occasionally  followed  by  a  temporary  improvement 
in  the  convulsions.  Secondary,  or  symptomatic  epilepsy,  may  be 
divided  into  four  varieties,  (i)  Syphilitic  and  (2)  toxic  epilepsy 
(e.g.,  due  to  plumbism,  nephritis,  diabetes,  alcoholism)  must  be 
treated  medically.  (3)  Peripheral  sources  of  irritation,  such  as 
phimosis,  carious  teeth,  ovarian  disease,  etc.,  should  be  removed 
with  the  hope  that  the  disease  may  be  reflex;  (4)  Those  cases  de- 
pending upon  a  definite  lesion  of  the  brain  or  its  coverings,  e.g., 
injury  to  the  scalp,  skull,  or  brain,  or  tumor,  abscess,  hemorrhage, 
localized  meningitis,  foreign  bodies,  adhesions  of  the  membranes, 
cicatrices  in  the  brain,  degenerative  changes  in  the  cortex,  etc.,  arc 
usually /oca/,  or  Jacksonian,  in  type,  i.e.,  the  spasm  affects  one  group 
of  muscles  only  and  is  not  associated  with  unconsciousness,  or  it 
begins  in  one  group  of  muscles  and  terminates  in  a  generalized  con- 
vulsion with  unconsciousness.  Such  cases  always  demand  explora- 
tion and  removal  of  the  source  of  irritation.  Occasionally  simple 
excision  of  a  scar  in  the  scalp,  particularly  if  it  be  tender,  the  seat  of 
an  aura,  or  if  pressure  upon  it  produces  a  fit,  will  result  in  cure,  even 
when  the  convulsions  are  not  focal  in  character.  If  on  exploration 
no  lesion  can  be  found,  the  center  which  initiates  the  convulsion  may 
be  accurately  localized  by  electricity  and  excised.  The  resulting 
paralysis  may  involve  neighboring  centers  from  edema,  but  such  is 
only  temporary,  and  even  the  parts  supplied  by  the  excised  center 
often  resume  their  functions.  The  means  for  preventing  adhesions 
after  operations  of  this  character  have  already  been  mentioned. 
When  indicated,  operation  should  be  performed  early,  as  in  late 
cases  the  convulsions  may  continue  from  the  development  of  an 
epileptic  habit,  even  after  the  cause  has  been  removed.  Apart  from 
this,  recurrences  may  be  due  to  the  redevelopment  of  adhesions  or 
cicatrices,  so  that  recovery  is  seldom  permanent,  although,  as  indi- 
cated above,  temporary  improvement  may  follow  any  operation. 

Inveterate  headache,  particularly  when  localized  and  severe,may 
be  due  to  one  of  the  causes  mentioned  above  under  focal  epilepsy. 
If  unrelieved  after  a  thorough  trial  of  medicinal  measures,  trephining 
and  exploration  is  indicated. 

Insanity  and  arrest  of  development,  when  of  traumatic  ori^ 
may  occasionally  be  benefited  by  removal  of  any  existing  lesion  if 
such,  e.g.,  a  depression  in  the  skull,  can  be  localized. 


CHAPTER  XXII 

SPINE 

Sfdnal  Localization. — The  first  bony  prominence  which  can  be  felt 
beneath  the  occiput  is  the  forked  spine  of  the 
axis.  The  next  prominent  spine  is  the  seven  th 
cervical,  although  frequently  the  sixth  cervi- 
cal or  the  first  dorsal  is  equally  prominent, 
and'in  the  infant  the  first  dorsal  is  regularly 
more  prominent.  Generally  the  third 
lumbar  spine  is  a  httle  more  prominent  than 
its  neighbors.  A  line  passing  through  the 
inner  extremities  of  the  spines  of  the  scapula; 
<TOSses  the  third  dorsal  spine;  through  the 
inferior  extremities  of  the  scapulie,  the 
seventh  dorsal;  through  the  highest  points 
<rf  theiliac  crests,  the  fourth  lumbar ;  through 
the  posterior  superior  spines  of  the  ilia,  the  "' 
first  sacral  spine.  The  bodies  of  the  verte- 
bra may  be  palpated  through  the  mouth 
as  far  as  the  fifth  cervical  and  occasionally 
lower;  the  anterior  surface  of  the  sacrum 
and  coccyx  through  the  rectum.     That  sec- 


FiC.  »70, — ^ReUtions  of  the  cord,  the  membranes, 
and  the  nerves  with  the  spinous  processes  (after  M  arion) . 
The  spinal  cord  extends  to  the  level  of  the  spinous  pro- 
c««a  of  the  first  lumbar  vertebra  in  men,  to  the  second 
in  women,  to  the  third  in  infants.  The  cervical  cord 
temtmmtes  at  the  riith  interspinous  space,  the  dorsal  cord 
at  the  ninth  donal  spine,  the  lumbar  cord  at  the  twelfth 
denal  spine. 

The  dura  tBrmiutea  at  tha  first  sacral  spine. 

The  level  of  the  spinal  segments  is  determined  as 
[ollows;  In  the  cerrical  region,  add  one  to  the  number  of 
a  ^Ten  spinous  process,  thus  the  third  cer\'ical  seffmcnt 
lies  opposite  the  second  cervical  spine;  in  the  superior 
donal  region,  add  two;  from  the  sixth  to  the  eleventh, 
■dd  chree;  theinfoior  part  of  the  eleventh  dorsal  spine. 
the  subjacent  interspace,  and  the  twelfth  spine  cor- 
respond to  the  last  three  lumbar  segments ;  the  subjacent 
interspace  and  the  firsl  lumbar  spine  correspond  to  the 
ucral  scsments. 

In  the  cervical  region,  the  nerves  emerge  above  the 
correvponding  vertebra  (the  seventh  nerve  emerges  above  t 
in  the  dorsal  and  Itunbar  regions,  they  emerge  below  the 
tha  cervical  and  lumbar  rcgiona,  the  foramina  are  on  a  level 
wUch  limit*  tham  above;  in  the  dorsal  region,  they  are  on 
viart«bra  next  abo««  tlut  which  limits  them  superiorly. 


;  seventh  cervical  vertebra) ; 
jnesponding  verlebrle.  In 
ith  the  spine  of  the  vertebra 
,  level  with  the  spine  of  the 
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tion  of  the  cord  from  which  spring  the  fibers  forming  a  single  sp 
nerve  is  called  a  segment;  it  corresponds  to  the  nerve  to  whic 
gives  origin,  but  does  not  lie  opposite  the  vertebra  of  like  n; 
and  number,  owing  to  the  fact  that  the  cord  is  much  shorter  t 


Pic  171. — Sensory  Jistribulion  o£  the  spinal  segments,  combined  principally 
th«  diagrams  of  Bolk.  The  zones  corresponding  to  the  distributtoa  of  the  cervics 
lumbar  segmenst  are  marked  in  red.  Every  cutaneous  area  is  supplied  not  by  oni 
by  three  seRinents,  so  that  an  injury  to  one  sensory  root  might  be  followed  by  but 
sensory  disturbance.  It  is  therefore  necessary  to  localize  a  lesion  at  the  level  i 
highest  nerve  root  corresponding  with  the  highest  cutaneous  zone  attacked. 

the  spinal  canal  (Fig,  270).  A  lesion  invoking  all  the  contents  o 
spinal  canal  at  a  given  level  destroys  not  only  the  segment  at 
level,  but  also  the  nerves  which  run  alongside  of  it,  thus  a  fra) 
at  the  level  of  the  twelfth  dorsal  vertebra  might  destn^  not  oo^ 
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at  that  level,  but  also  the  spinal  nerve  as  high  as  the  twelfth 
1.  A  lesion  in  the  cord  is  localized  by  the  sensory,  motor,  and 
lie  symptoms,  and  by  the  alterations  in  the  reflexes.  These  symp- 
correspond  to  an  exaltation  (hyperesthesia,  spasms,  increased  re- 
),  or  an  abolition  of  the  functions  of  the  spinal  segments  (anesthe- 
aralysis,  loss  of  reflexes) ,  according  to  the  nature  and  degree  of 
sion.  Total  destruction  of  one  segment  causes :  anesthesia  of  the 
upplied  by  that  segment  and  all  lower  segments,  with  frequently 
ow  band  of  hyperesthesia  immediately  above,  from  irritation 
nerve  roots  at  that  level;  paralysis  of  the  muscles  supplied  by 
stroyed  segment  and  all  lower  segments;  trophic  clianges  in  the 
supplied  by  the  destroyed  segment,  and  as  a  rule  in  the  parts 
?d  by  the  lower  segments  owing  to  descending  degeneration 
?  absence  of  descending  degeneration  trophic  changes  in  the 
iupplied  by  the  lower  segments  need  not  occur) ;  and  absence 
superficial  and  deep  reflexes,  which  may,  however,  reappear  if 
rd  below  the  lesion  remains  intact.  Priapism  from  vasomotor 
sis  may  occur  in  lesions  of  any  part  of  the  cord ;  it  occurs  also 
rritation  of  the  erection  center  in  the  sacral  cord.  Diabetes 
>e  may  occur  after  a  total  transverse  lesion  of  any  portion  of 
)rd.  Complete  unilateral  lesions  cause  paralysis  upon  the 
side  and  anesthesia  upon  the  opposite  side  {Brown-Siquard 
sis). 

study  of  Fig.  271  will  aid  in  the  localization  of  a  cord  lesion 
ling  to  the  sensory  symptoms.  Practically  all  muscles  are 
ated  not  by  one  but  by  several  segments.  In  the  following 
the  muscles  and  reflexes  are  listed  with  the  highest  segment 
•ning  them,  since  it  is  in  that  segment  a  lesion  must  be  local- 
^  the  muscle  is  completely  paralyzed. 

KT.  Muscles.  Replex. 


Rectus  capitis  anticus  major  (C.  1-4). 

Rectus  capitis  anticus  minor. 

Rectus  capitis  posticus  major  and  minor. 

Geniohyoid  (C.  1-2). 

Superior  and  inferior  oblique  (C.  12). 

Complexus  (C.  1-3). 


Longus  colli  (C.  2-S). 
Sternomastoid. 
Subhyoids  (C.  2-^). 
Splenius. 
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C.  3 


C.  4 


Cs 


C.  6 


C.  7 


C.  8 


Levator  anguls  scapulae  (C.  3-5). 

Trapezius  (C.  3-4). 

Diaphragm  (C.  3-5). 

Total  lesions  at  or  above  this  level  are  usually 
immediately  fatal,  as  respiration  can  be  main- 
tained only  by  the  sternomastoids  and  superior 
part  of  the  trapezii. 

Scaleni  (C.  4-D.  i). 
Teres  minor  (C.  4-5).) 
Rhomboid  (C.  4-5). 

Supra-  and  infraspinatus  (C.  5-6). 

Deltoid  (C.  5-7). 

Serratus  magnus  (C.  5-8). 

Subclavius  (C.  5-6). 

Brachialis  anticus  (C.  5-6). 

Supinator  longus  and  brevis  (C.  5-7). 

Biceps. 

In  total  lesions  just  below  this  level  the  dia- 
phragm is  not  paralyzed  but  coughing  is  im- 
possible so  that  a  bronchitis  quickly  proves 
fatal;  the  up[>er  extremities  assume  a  char- 
acteristic position,  abduction  and  external  rota- 

'  tion  of  the  arm  with  flexion  and  supination  of  the 
forearm,  owing  to  the  unapposed  action  of  the 
muscles  just  enumerated. 


Pupillaiy  (C.  4-I>.  i)« 


Scapular  (C.  s-D.  i). 
Supinator  longus. 
Biceps. 


Pectoralis  major  (C.  6-D.  2). 
Pronator  radii  teres. 
Extensors  of  wrist  (C.  6-S). 
Triceps  (C.  6-7). 
Teres  major  (C.  6-7). 
Latissimus  dorsi  (C.  6-8). 
Subscapularis  (C.  6-7). 


Triceps. 


Posterior  wrist. 


Pectoralis  minor  (C.  7-D.  2). 

Coraco-brachialis  and  anconeus  (C.  7*8). 

Superficial  flexors  of  fingers. 

Pronators  of  wrist. 

Extensors  of  fingers. 

Muscles  of  thenar  and  hypothenar  eminences 
(C.  7-D.  i). 

In  a  total  lesion  just  below  this  segment  the  flexors 
of  the  wrist  and  intrinsic  muscles  of  the  hand  are 
the  only  muscles  of  the  upper  extremity  paralyzed. 


Flexors  of  wrist. 

Interossei  and  lumbricales  (C.  8-D.  1). 


Anterior  wrist. 


Palmar. 
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Muscles. 


Reflex. 


.  lotercostals  (D.  1-12). 
Erector  spins  (D.  i-L.  5). 
Below  this  level  the  arms  escape  paralysis. 


Rectus  abdominis  and  external  oblique  (D.  5-12).  '  Epigastric  (D.  4-7). 

Internal  oblique  and  tiansversalis  (D.  7-L.  i).        .  Abdominal  (D.  9-12). 

Paraljrsis  of  these  muscles  interferes  with  cough- 
ing, defecation  and  all  straining  movements. 
Severe  meteorism  may  develop  and  interfere  ^ith 
respiration. 


Quadrat  us  lumborum  (L.  1-2). 

Cremaster. 

Psoas  magnus  (L.  1-3). 


Cremasteric  (L.  1-2). 


niacus. 

Quadriceps  (L.  2-4). 
Pectincus. 
Sartorius  (L.  2-3). 
Adductors  of  thigh  (L.  2-4). 
In  lesions  below  this  level  the  lower  limbs  are  not 
completely  paralyzed. 


Internal  rotators  of  thigh. 
Adductors  of  thigh  (L.  3-4). 


Patellar. 


Flexors  of  knee  (L.  4-5). 
Extensors  of  ankle  (tibialis  anticus,  etc). 
Gluteus  medius  and  minimus  (L.  4-5). 
Flexors  of  ankle  (calf  muscles)  (L.  4-S.  2). 
Extensors  of  toes  (L.  4-S.  i). 


Gluteal. 


External  rotators  of  thigh. 
Gluteus  maximus  (L.  $-5.  i). 
Pcronei  (L.  5-S.  3). 
Flexors  of  toes  (L.  5-S.  2). 


Small  muscles  of  foot. 


Ankle  clonus. 
Plantar. 


Levator  and  sphincter  ani  (S.  3-4). 

Bladder  (S.  3-4). 

Perineal  muscles  (S.  4-5). 

In  all  total  lesions  of  the  spinal  cord  and  of  the 
Cauda  equina  the  bladder  and  rectum  are  para- 
lyzed, causing  retention  and  later  dribbling  of 
overflow  in  the  former,  and  incontinence  in  the 
latter. 


Anal. 

Vesical. 

Erection  of  penis. 
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Laminectomy,  or  removal  of  the  laminae  of  the  vertebrae,  maybe 
performed  for  exploration,  wounds  or  compression  of  the  cord,  sectioB 
of  the  sensory  roots,  or  for  diseases  of  the  bones.  A  straight  incisioi 
is  made  over  the  spinous  processes;  the  laminae  exposed  by  separating 
the  muscles  from  the  bone  with  a  rougine;  the  bleeding  controlled  by 
gauze  sponges,  held  beneath  the  retractors  which  separate  the  wound; 
the  spinous  processes  removed  with  rongeur  forceps;  the  lamini 
excised  with  bone-cutting  forceps,  chisel,  or  saw;  the  contents  of  the 
spinal  canal  examined;  the  dura  opened,  if  necessary,  by  a  longitude 
nal  incision,  using  the  same  precautions  as  in  opening  the  dura  of  the 
brain;  the  cord  examined,  being  very  careful  not  to  exert  undue  com* 
pression;  the  dura  sutured  with  fine  catgut,  without  drainage  whco- 
ever  possible;  and  the  muscles  approximated  with  catgut  and  the 
skin  with  silkworm  gut,  superficial  drainage  being  employed  for 
twenty-four  hours,  or  longer  if  there  is  infection.  Osteoplastic  resco 
tion,  with  the  base  of  the  flap  above  or  on  one  side,  is  more  laborious 
and  no  more  useful.  One  need  not  fear  to  make  a  large  exposure, 
as  such  does  not  permanently  weaken  the  spine.  Braces  or  casti 
are  seldom  required  after  operation.  The  dangers  of  infection  are  no 
greater  than  in  the  skull,  chest,  or  abdomen,  and  the  escape  of  ce^^ 
brospinal  fluid  seems  to  do  no  harm. 

Resection  of  the  posterior  roots  of  the  spinal  cord  is  conimontjf 
called  Foerster's  operation,  although  it  was  first  suggested  by  Dana. 
The  operation  has  been  performed  for  intractable  pain  of  various 
sorts,  including  the  gastric  crisis  of  tabes,  and  for  athetosis,  spastic 
paraplegia,  and  other  forms  of  spasticity,  the  idea  being  to  break 
the  reflex  arc  of  the  affected  muscles.  Laminectomy  is  performedi 
the  dura  opened ,  and  the  roots  isolated  separately  and  divided.  The 
location  of  the  pain  or  the  spasticity  determines  the  roots  to  be 
sacrificed.  In  order  not  to  induce  complete  anesthesia  and  flacdditf 
in  the  affected  region,  not  more  than  two  of  the  three  sensory  roots 
presiding  over  a  given  area  should  be  severed.  For  spastic  parapleg* 
Foerster  advises  division,  on  both  sides,  of  the  second,  third,  and 
fifth  lumbar,  and  the  second  sacral.  The  seventh  to  the  tenth  dorsil 
roots  on  both  sides  have  been  divdded  for  gastric  crises  in  locomot* 
ataxia.  Other  combinations  can  be  worked  out  from  Fig.  271  and  the 
tabic  on  p.  541.  The  operation  has  given  satisfactory  results  iB 
some  cases;  in  others  it  has  not  secured  the  desired  result.  In  it; 
least  one  case  a  Brown-Sequard  paralysis  followed. 

Spinal  puncture  (subarachnoid)  may  be  made  anjrwhere  betwceft 
the  lower  end  of  the  cord  and  the  lower  end  of  the  dural  sac  (Fig.  270), 
but  the  favorite  spot  is  just  below  the  fourth  lumbar  vertebra.    H* 
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back  is  bent  forward,  the  left  index  finger  placed  on  the  selected 
spinous  process,  the  needle  (three  or  four  inches  long,  i  to  2  mm.  in 
diameter,  and  containing  a  stylet)  entered  just  below  and  to  the  out- 
side of  the  finger  and  pushed  slightly  inwards  and  upwards  for  from 
}i  to  3  inches,  according  to  the  age  of  the  patient  and  the  thickness 
of  the  tissues,  the  stylet  withdrawn,  and  the  fluid  collected  in  a  sterile 
test  tube. 

Spinal  puncture  has  been  employed  for  anesthetic  (see  anesthesia) 
therapeutic,  and  diagnostic  purposes.    The  therapeutic  indications 
are  to  relieve  pressure,  e.g/,  in  cerebrospinal  meningitis  and  compres- 
sion of  the  brain,  and  to  inject  medicaments,  e.g.,  antitoxins,  salvar- 
sanixed  serum,  etc.     For  diagnostic  purposes  not  more  than  5  cc.  of 
the  fluid  in  a  child,  10  cc,  in  an  adult,  should  be  withdrawn,  as  a 
few  cases  of  collapse  after  the  withdrawal  of  a  large  quantity  have 
been  reported.     Headache  and  a  rapid  fall  in  the  spinal  fluid  pressure 
ire  indications  to  stop  the  procedure.     A  dry  tap  usually  indicates 
that  the  needle  is  not  within  the  dural  sac.     Normal  cerebrospinal 
fluid  is  clear,  colorless,  alkaline,  has  a  specific  gravity  of  from  1002  to 
loio,  and  contains  chlorids,  a  trace  of  protein,  o.i  per  cent,  of  glucose 
(or  dextrose),  and  very  few  leukocytes  and  endothelial  cells  (from 
I  to  10  per  c.  mm.).     It  escapes,  when  the  patient  is  recumbent, 
under  a  pressure  of  from  5  to  7.5  mm.  of  mercury.     The  specific 
gravity  is  increased  in  meningitis,  the  pressure  in  meningitis  and  all 
,  fanns  of  compression  of  the  brain  (except  when  the  fluid  accumulates 
^ve  a  closed  foramen  of  Majendi  or  aqueduct  of  Sylvius,    or 
ihen  the  communication  between  the  subarachnoid  spaces  of  the 
tedn  and  cord  is  obstructed),  the  protein  in  meningitis,  hydrocepha- 
lus, acute  infectious  diseases,   subarachnoid  hemorrhage,   and  in 
sjrphilitic  and  parasyphilitic  affections  of  the  cerebrospinal  tract. 
•Noguchi's  globulin  test  is  positive  in  meningitis  and  cerebrospinal 
iSrphilis.     Glucose  disappears  early  in  meningitis,  '*due  to  autolysis 
^'tJODtroUed  by  leukocytic  ferments,-  the  glucose  being  converted  into 
llurtic  add"   (Kopetsky).     The  Wassermann  test  of  the  fluid  is 
positive  in  nervous  syphilis,  as  in  the  Lange  or  colloidal  gold  test. 
Kicroscopic  examination  for  cells  (cytodiagnosis)   may  reveal  a 
lirge  number  of  polynuclear  leukocytes  (suppurative  meningitis), 
I  lymphocytes  (tuberculous  and  epidemic  cerebrospinal  meningitis — 
!  moderate  lymphocytosis  may  occur  in  superficial  tumors  and  syphilis 
<rf  the  brain  or  cord,  in  alcoholic  meningitis,  in  uremia) ,  or  erythro- 
cytes (fracture  of  the  skull  or  spiine,  subdural  hemorrhage,  hemor- 
diagic  meningitis).    In  the  last  instance  the  fluid  should  be  collected 

m  two  tubes,  and  only  that  in  the  second  one  examined.    Bacterio- 
35 
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logic  examination  may  discover  the  organism  responsible  for  a 
meningitis,  (q.v.),  for  poliomyelitis,  or  for  sleeping  sickness  (trypano- 
soma  Gambiense). 

INJURIES  OF  THE  SPINE 

Sprains  of  the  spine  are  caused  by  falls,  twists,  and  violent  shocks 
when,  as  in  a  railway  accident,  the  muscles  are  not  on  guard.  The 
pathology  is  that  of  sprains  elsewhere.  The  symptoms  are  pain, 
tenderness,  and  rigidity.  Fracture  without  displacement  and  with- 
out nervous  symptoms  might  give  identical  symptoms,  and  the 
author  has  seen  several  cases  in  which  a  correct  diagnosis  could  be 
made  only  by  an  X-ray  examination.  In  a  strain  of  the  back,  such 
as  is  produced  by  heavy  lifting,  the  lesion  is  in  the  muscles,  not  in  the 
joints.  Sprains  are  rarely  serious,  although  they  are  occasionally 
followed  by  bleeding  into  the  spinal  canal,  extension  of  the  inflam- 
mation to  the  meninges,  traumatic  neuroses,  or,  in  those  so  predis- 
posed, by  spinal  caries.  The  treatment  is  local  applications  as  in 
sprains  in  other  parts  of  the  body,  and  rest  in  bed  in  the  severer  cases. 

Concussion  of  the  spinal  cord  is  caused  by  blows  or  falk  which 
shake  or  jar  the  cord.  Theoretically  at  least,  no  anatomical  change 
is  produced.  When  minute  hemorrhages  or  like  lesions  occur,  the 
term  contusion  is  applicable.  Concussion  is  becoming  rarer  with 
improved  methods  of  investigation,  and  some  have  doubted  even 
its  existence.  The  author,  however,  has  seen  two  cases  of  gunshot  . 
wound,  close  to  but  not  invoMng  the  dorsal  cord,  in  which  there 
were  t>T)ical  symptoms  of  a  total  transverse  lesion,  but  in  which 
autopsy  revealed  no  anatomical  changes  in  the  cord.  The  symptoms 
are  those  of  shock,  and  usually  a  limited,  incomplete,  and  transient 
interference  with  sensation  and  motion,  although,  as  noticed  above, 
they  may  be  those  of  a  total  lesion.  After  any  injury  to  the  cord 
the  reflexes  may  be  absent,  at  least  for  a  time.  The  prognosis  in  the 
mildest  cases  is  good,  the  symptoms  disappearing  within  a  few  hours 
or  days.  If  the  symptoms  are  severe  and  persist,  the  condition  is 
probably  one  of  contusion  or  compression  rather  than  concussion. 
Neurasthenia,  hysteria,  or  organic  cord  disease  may  follow  even 
the  slightest  cases.  The  treatment  is  reaction  from  shock  and  rest  in 
bed.     If  compression  is  suspected,  laminectomy  may  be  indicated. 

Traumatic  neuroses  may  occur  after  any  injury  or  severe  mental 
shock,  but  are  most  frequently  the  result  of  sprains  of  the  spine  or 
concussion  of  the  cord  due  to  railway  accidents,  hence  the  term 
"railway  spine;"  when  following  an  injury  to  the  head  the  condition 
has  been  termed  * '  railway  brain . ' '    The  symptoms ^  which  may  dosdy 
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[oUow  the  acddent,  or  be  delayed  for  hours  or  even  days,  are  those  of 
leurasthenia  {traumatic  neurasthenia),  hysteria  {traumatic  hysteria), 
>r  hystero-neurasthenia,  and  are  identical  with  those  occurring  in 
ion-traumatic  cases,  for  which  the  reader  is  referred  to  a  text-book 
)n  medicine.  Other  nervous  aflFections,  such  as  neurotic  diabetes, 
paralysis  agitans,  chorea,  exophthalmic  goiter,  tabes,  myelitis,  and 
dmilar  inflammatory  and  degenerative  processes,  may  follow  acci- 
ients  such  as  have  been  described  above.  The  diagnosis  of  traumatic 
leuroses  requires  great  care,  first  to  rule  out  organic  disease,  secondly 
;o  detect  malingerers  who  feign  disease  in  order  to  secure  damages. 
rhe  prognosis  is  generally  favorable.  The  treatment  is  that  of  non- 
xaumatic  neurasthenia  and  hysteria. 

Comixression  of  the  spinal  cord  develops  suddenly  in  fractures, 
lislocations,  foreign  bodies,  and  intramedullary  hemorrhage;  more 
dowly  in  extramedullary  hemorrhage  (within  twenty-four  or  forty- 
eight  hours),  inflammatory  exudate,  e.g.,  in  acute  spinal  meningitis 
(in  the  course  of  several  days),  and  pachymeningitis  (a  week  or 
longer);  and  very  gradually  in  tumors,  cysts,  aneurysms,  callus 
formation,  cicatrices,  etc.  The  symptoms  and  the  means  of  determin- 
ing the  level  of  the  lesion  have  aheady  been  considered  under  spinal 
localization.  The  treatment  varies  with  the  nature  and  cause  of 
compression,  and  will  be  given  when  the  individual  forms  are 
discussed. 

Fracture  of  the  spice  is  caused  by  direct,  or  much  more  fre- 
quently by  indirect  violence.  In  the  former  the  break  is  situated  at 
the  point  struck  and  the  arches  are  particularly  liable  to  suffer,  a 
spicule  of  bone  often  being  driven  into  the  cord.  In  the  latter  the 
injur)'  is  usually  due  to  hyperflexion  of  the  spine,  such  as  occurs 
^hcn  a  man  dives  into  shallow  water,  falls  from  a  height  on  the  feet 
or  buttocks,'  or  is  doubled  up  by  the  caving  in  of  an  embankment, 
the  vertebral  column  generally  breaking  at  the  junction  of  a  freely 
JHovable  with  a  comparatively  fixed  portion,  i.e.,  in  the  cervico-dorsal 
(most  frequent)  or  dorso-lumbar  region.  The  bodies  of  the  vertebrae, 
^th  or  without  the  arches,  are  broken,  and  the  upper  segment 
usually  displaced  forwards  {fracture-dislocation)  j  thus  contusing  or 
compressing  the  cord.  The  muscles,  ligaments,  and  membranes 
may  be  torn,  and  blood  may  collect  between  the  bone  and  the 
membranes,  or  between  the  membranes  and  the  cord. 

The  synxptoms  are  (i)  shock  of  varying  degree;  (2)  local  evidences 
of  fracture,  such  as  pain,  swelling,  tenderness,  usually  deformity 
and  possibly  crepitus;  and  (3)  interference  with  tite  functions  of  the 
und,  due  to  concussion,  contusion,  or  compression,  i.e.,  more  or  less 
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complete  paralysis  and  anesthesia  below  the  injury,  with  decrease  or 
abolition  of  the  reflexes,  and  trophic  changes  (see  spinal  localization). 
Without  displacement,  cord  symptoms  may  be  absent,  and  in  some 
cases  the  diagnosis  can  be  made  only  by  the  X-ray.     In  seven  cases 
at  the  Jefferson  and  Pennsylvania  Hospitals  careful  X-ray  examinations 
failed  to  show  fractures  revealed  at  operation.     Paralysis  coming  on 
after  a  short  interval  may  be  due  to  edema  of  the  cord,  extramedul- 
lary  hemorrhage,  inflammatory  exudate,  or  secondary  displacement 
of  bone.     The  symptoms  of  complete  transverse  destruction  of  the 
cord  have  already  been  given.     Incomplete  destruction  may  be 
diagnosticated  when  there  is  incomplete  paralysis,  partial  anesthesia, 
and  retention  of  the  reflexes  in  the  parts  supplied  by  the  cord  below 
the  injury;  not  infrequently,  however,  the  symptoms  will  be  identical, 
sometimes  for  several  days  or  longer,  with  those  of  a  total  transverse 
lesion.     The  prognosis  in  all  cases  with  total  paralysis  and  complete 
anesthesia  is  distinctly  unfavorable,  both  regarding  life  and  return 
of  function..    The  higher  the  lesion  the  worse  the  prognosis.    Death 
occurs  immediately  from  shock  or  interference  with  respiration  (in 
the  upper  cervical  region) ;  during  the  first  week  from  suffocation  with 
mucus  (in  the  lower  cervical  region)  or  from  meningitis;  or  after 
weeks  or  months  from  exhaustion  and  sepsis  the  result  of  extensive 
bed  sores,  cystitis,  or  pyonephrosis.     With  even  a  completely  divided 
cord,  however,  life  may  be  prolonged  for  years  if  the  injury  is  in  the 
dorsal  or  lumbar  region. 

The  treatment  is  first  reaction  from  shock.    Whether  or  not 
operation  has  been  decided  upon,  the  patient  should  be  placed  on  an 
air  or  water  bed  and  most  carefully  nursed  to  prevent  bed  sores.    The 
bladder  should  be  catheterized  every  eight  hours,  or  more  often, 
with  the  most  rigid  aseptic  precautions  to  prevent  cystitis.     Massage 
and  electricity  should  be  employed  to  maintain  the  nutrition  of  the 
paralyzed  parts.     Attempts  to  effect  reduction  by  extension  and 
pressure,  without  operative  exposure  of  the  parts,  are  too  dangerous 
to  be  recommended.     Excepting  fractures  in  the  cervical  region, 
sand  bags,  plaster  casts,  etc.,  are  seldom  required  to  immobilize  the 
parts.     There  is  no  general  agreement  as  to  the  indications  and  time 
for  operation.     Many  neurologists  and  a  few  surgeons  doubt  the 
value  of  laminectomy  in  any  case.     This  condition  of  affairs  is  due 
to  the  difficulty  of  differentiating  concussion  from  compression,  and 
to  the  teaching  that  the  tissues  of  the  cord  are  incapable  of  regenera- 
tion; the  latter  is  true  with  regard  to  the  brain,  however,  but  does 
not  deter  surgeons  from  operating  early  and  radically  in  ftactures 
of  the  skull.    The  author's  views,  which  are  not  those  generally 
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adopted,  are  as  follows:  Fractures  of  the  spine  should  be  treated  like 
fractures  of  the  skull,  i.e.,  for  (i)  disinfection;  (2)  depression,  and 
(3)  compression,  i.  All  compound  fractures  must  be  disinfected. 
2.  Obvious  depression  of  the  laminae  will  often  be  associated  with 
symptoms  of  compression,  but  even  in  the  absence  of  such  symptoms, 
the  depressed  bone  should  be  removed,  because  of  the  danger  of 
injury  to  the  cord  by  displacement  of  the  fragments  during  subsequent 
treatment,  and  because  of  the  danger  of  pressure  from  callus  on  the 
cord  or  nerve  roots  at  a  later  period.  3.  All  fractures,  whether  simple 
or  compound,  with  symptoms  of  compression  require  laminectomy 
as  soon  as  shock  has  subsided,  unless  in  the  meantime  the  symptoms 
have  distinctly  ameliorated.  The  more 
severe  the  symptoms  the  more  impera- 
tive the  operation.     It  is  true  that  at 

this  period  one  cannot  always  be  sure      .  lv\       x.         c 

whether  the  symptoms  are  those  of  con-      L-r — IT^^/tY^v/N       i 
cussion,  contusion,  or  compression,  but 


pure  concussion  is  rare,  and  contusion        j^        7/   1  -...^N     1 
with  its  subsequent  edema  can  only  be 

benefited  by  the  drainage  of  operation.      /        — 71  #  1        1 

The  compressing  agent  (bone,  blood  clot,  '^'*  r^**^ 

foreign  body)  should  be  removed  before  1  • 

the  onset    of    secondary   degeneration. 

Removal  of  the  posterior  arches  may  be       p,^    272.-Diagram^of  frac 
^  that  is  required,  or  compression  may  ture-disiocation  of  the  'spine. 

L  ,  ...         .       1       .1      1       1        e  A        showing  compression  of  the  cord 

»)e  caused  likewise  by  the  body  of  a  verte-  by  the  iamin»  of  the  9th  dorsal 

bra  (Fig.    272),   in  which  case  reduction    vertebra  (A),  and  by  the  body  of 
'     °        '    "^^  ,  ,  the  I oth  dorsal  vertebra  (B).     C. 

Diaybe  attempted  by  extension  and  direct  Spines  in  same  case  as  felt  from 
pressure,  or  failing  in  this,  the  projecting 

^geof  bone  should  be  bitten  away  with  rongeur  forceps,  taking  care 

not  to  contuse  the  cord.     If  the  dura  is  distended  or  bluish  and  no 

pulsation  can  be  detected,  a  subdural  clot  exists,  and  such  should  be 

removed.     If  the  spinal  sheath  seems  empty,  the  dura  should  likewise 

l>e  opened  and  the  divided  cord,  for  such  will  probably  be  found, 

sutured  with  catgut  (see  also  wounds  of  the  cord).     Operation  is 

not  indicated  in  simple  fractures  without  obvious  depression  or  cord 

symptoms,  or  in  simple  fractures  with  cord  symptoms  which  are 

improving. 

Dislocatioiis  of  the  vertebrae  without  fracture  are  extremely 
rare  and  confined  almost  exclusively  to  the  cervical  region,  usually 
dbe  lower  half.  The  upper  vertebra  is  called  the  dislocated  one 
oontrary  to  the  custom  when  speaking  of  dislocations  elsewhere. 
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The  usual  cause  is  hyperflexion,  both  articular  processes  ol  the  upper 
vertebra  passing  in  front  of  those  of  the  lower  vertebra,  i.e.,  a  com- 
plete bilateral  anterior  dislocation  (Fig.  273).  Bilateral  posterior 
dislocation  may  be  caused  by  hyperextension,  unilateral  dislocation 
by  forcible  approximation  of  the  head  and  shoulder  combined  with 
rotation.  Incomplete  dislocation  also  may  occur  (Fig,  274).  The 
ligaments  and  intervertebral  discs  are  torn,  and  in  complete  bilateral 
cases  the  cord  is  almost  always  compressed,  usually  causing,  in  the 
upper  cervical  region,  immediate  death.  In  many  incomplete  or 
unilateral  cases,  the  cord  may  escape  pressure  by  bone,  although  it 
may  still  be  compressed  by  blood  clot,  and  the  nerve  roots  may  be 
stretched  or  torn,  causing  neuralgia,  etc.  In  forward  dislocaitions 
the  head  is  displaced  forwards  and  bent  towards  the  chest.  In 
backward  dislocations  the  head  is  displaced  backwards  and  the  face 
turned  upwards.     In  unilateral  dislocations  the  head  is  bent  towards 


the  sound  shoulder.  The  deformity  may  be  felt  externally  or  through 
the  pharynx,  and  demonstrated  with  the  X-ray;  in  any  case  there  is 
likely  to  be  difficulty  in  swallowing. 

The  treatment  of  unilateral  and  incomplete  dislocations  is 
reduction,  under  an  anesthetic,  by  traction  and  approximation  of  the 
head  towards  the  sound  shoulder  to  unlock  the  processes,  then  rota- 
tion of  the  head,  the  ear  on  the  sound  side  moving  forwards.  In 
long  standing  cases  reduction  cannot  be  effected,  but  operation  ma)' 
be  undertaken  to  relieve  pressure  on  the  spinal  nerves.  Bilateral 
dislocations  may  be  reduced  by  bending  the  head  towards  the  right 
shoulder  and  rotating  the  head  (the  right  ear  being  carried  forward), 
thus  converting  the  dislocation  into  a  unilateral  one,  which  may  he 
reduced  by  reversing  the  movements  just  described.  These  manipu- 
lations are  so  dangerous,  that  it  is  probably  best  to  relieve  pressure 
by  at  once  removing  the  lamina:  of  the  dislocated  vertebra,  and  then 
reducing  the  bones  under  the  guidance  of  the  finger  and  eye.  U 
sufficient  traction  cannot  be  exerted  to  unlock  the  processes,  as 
little  as  possible  of  the  upper  margin  of  the  upper  articular  processes 
of  the  lower  vertebra  should  be  removed  to  pennit  reductitxi. 
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Removal  of  the  whole  process  would,  of  course,  permit  recurrence 
which  however,  might  be  prevented  by  fixing  the  spinous  processes 
with  a  transplant  from  the  spine  of  the  scapula.  The  dura  may  be 
opened  to  remove  coagulated  blood. 

Wounds  of  the  spinal  cord  are  usually  the  result  of  stabs  or  gun- 
shot injuries.  There  may  be  complete  paralysis  below,  or  if  half  of 
the  cord  is  divided,  loss  of  motion  on  the  same  side  and  anesthesia  on 
the  opposite  side,  or  again  the  injury  may  be  Umited  to  the  nerve 
roots.  It  is  generally  taught  that  regeneration  of  the  cord  never  occurs. 
The  treatment  is  laminectomy,  removal  of  foreign  bodies  and  com- 
minuted bone,  and  suture  of  the  wound  of  the  cord  and  of  the  severed 
^inal  nerves  with  catgut.  The  dura  should  be  closed  whenever 
possible.  Probes  should  never  be  employed  to  explored  the  wound. 
In  the  cervical  region  it  may  be  necessary  to  tie  the  vertebral  artery. 

Intnuqiinal  hemorrhage  may  be  extradural,  subdural,  or  intramed- 
ullary. It  is  usually  the  result  of  injury,  but  may  be  due  to  other 
causes,  e.g.,  acute  infectious  fevers,  convulsions,  rupture  of  aneu- 
rysms, etc. 

In  extra-  and  subdural  hemorrhage  {hematorrhachis)  the  symp- 
tarns  are  pain  in  the  back  and  irritation  of  the  nerve  roots  (pain 
h>'i>eresthesia,  and  spasms  in  the  parts  supplied  by  the  affected 
nerves),  followed  by  symptoms  of  compression,  the  paralysis  and 
anesthesia  coming  on  suddenly,  or  perhaps  slowly  from  below  up- 
wards as  the  blood  increases  in  amount.  Complete  recovery  may 
occur  in  traumatic  cases.  The  treatment,  excepting  the  milder  forms, 
is,  in  the  early  stages  when  the  blood  is  still  fluid,  spinal  puncture, 
and  at  a  later  period  laminectomy  and  removal  of  the  clot. 

Intramedullary  hemorrhage  (Jhematomyelia)  is  most  frequent  in 
the  lower  cervical  region.  The  symptoms  are  sudden  paralysis 
and  anesthesia  of  the  parts  below,  and  intense  pain  in  the  back. 
The  lesion  may  be  unilateral  (paralysis  on  one  side,  anesthesia  on  the 
other),  or  if  the  bleeding  is  slight,  signs  of  irritation  may  be  present, 
but  are  not  so  common  as  in  extramedullary  hemorrhage.  The  usual 
treatment  is  that  of  concussion. 

DISEASES  OF  THE  SPINE 

Spina  bifida  (rackischisis) ,  or  failure  of  the  spinal  laminae  to  unite, 
is  present  in  about  one  in  every  1,000  children  born.  Sometimes 
there  is  a  small  congenital  gap  in  the  spine,  the  cord  and  membranes 
remaining  in  the  canal  (spina  bifida  occulta) ;  the  skin  is  frequently 
indented  ovor  this  defect  and  the  dimple  filled  with  hair.     These 
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cases  need  no  treatment  unless  there  are  sjTnptoms  of  pressure  on 
the  cord,  when  the  removal  of  such  compression,  which  may  be  due 
to  hj-pertrophy  of  the  skin  and  subjacent  soft  parts,  would  be  indicat- 
ed. In  2  per  cent,  of  the  cases  the  cleft  is  wide,  the  skin  is  absent, 
and  the  cord  protrudes  through  the  opening,  its  central  canal  com- 
municating with  the  smi^ceoi  the  body  (myelocele).  This  condition 
is  not  compatible  with  existence.  In  lo  per  cent,  the  membranes 
alone  escape  through  the  opening  (meningocele),  but  in  the  vast 
majority  (about  75  per  cent.)  there  is  also  a  portion  of  the  cord  in  the 
protuberance  (meningomyelocele),  and  very  rarely  the  tumor  is  the 
result  of  a  dilatation  of  the  central  canal  of  the  cord  (syringomyelocele). 
The  last  variety  is  often  situated  laterally.  More  than  one  vertebra 
is  usually  fissured,  and  cases  have  been  reported  in  which  all  the 
vertebra  were  involved.  Rarely  the  body  of  the 
vertebra  is  implicated  (anterior  spina  bifida).  One- 
half  of  all  cases  occur  in  the  lumbar  region,  and 
more  than  one-third  in  the  lumbosacral  or  stcnl 
portion  of  the  spine. 

Diagnosis. — The  swelling  is  congenital,  abnost 
central,  and  partly  reducible,  pressure  causogthe 
fontanelles  to  bulge  and  some  times  produdng  Con- 
vulsions or  other  nervous  symptoms.     PnlptH"" 
and  the  X-ray  reveal  the  cleft,  and  there  is  bolgjng 
on  crying  or  coughing.     Translucency  may  be  it- 
tected,  with  the  cord  or  nerves  represented  as 
shadows.     There  may  be  other  developmental  de- 
Pio.  375.— Spina  fects,  such  as  hare-lip  and  talipes  (Fig.  275),  and  as 
(Kir^s^on'!"    °°     the  result  of  compression  or  abnormalities  of  the 
nervous  elements,  anesthesia,  paralysis  or  trophic 
changes  may  be  found  below  the  cloven  spine. 

The  prognosis  is  bad,  although  spontaneous  recovery  may  occur 
in  rare  instances  when  the  opening  is  small  and  the  skin  thick  and 
healthy.  Death  is  due  to  marasmus,  to  the  sequelae  of  paralyses,  or 
to  meningitis  following  rupture  or  inflammation  of  the  sac. 

The  treatment,  if  operation  is  not  decided  on,  is  protection  of  the 
sac  by  collodion  or  a  suitable  cap,  in  order  to  prevent  rupture. 
Morton's  fluid  (iodin  gr.  10,  potassium  iodid  gr.  30,  glycerin  1  oz.) 
may  be  injected  in  the  dose  of  2  dr.,  repeated  in  ten  days  if  necessary  . 
care  being  taken  during  the  injection  to  obliterate  the  neck  of  the  sac 
as  much  as  possible  by  compression,  'i'his  plan  has  so  often  been 
followed  by  sloughing  and  rupture  of  the  sac,  by  convulsions  and 
meningitis,  and  by  paralysis  and  hydrocephalus  (mortality  40  pel 
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that  most  surgeons  prefer  excision  (mortality  25  percent.), 
imbar  region  in  infants  Is  so  difficult  to  keep  clean  that  opera- 
lould  be  postponed  as  long  as  possible.  If  the  skin  is  thin,  or 
ens  to  ulcerate,  or  if  the  tumor  is  enlarging,  operation  becomes 
itive.  An  elliptical  incision  is  made  about  the  tumor,  and  the 
ened  laterally  by  a  small  transverse  cut,  in  order  to  avoid  the 
vhich  may  be  adherent  in  the  middle  Une,  and  the  nerves  which 

right  angles  to  it.  If  no  nervous  tissues  are  present,  the  sac 
oved  and  the  opening  sutured  with  catgut.  If  nervous  struc- 
ire  present,  they  are  separated  from  the  sac;  if  intimately  ad- 
,  that  portion  of  the  sac  in  which  they  are  incorporated  may 
uced  with  them  into  the  spinal  canal.  The  muscles  on  each 
e  then  loosened,  sutured  together,  and  the  skin  closed.  The 
ef  ect  has  been  closed  by  drawing  the  remnants  of  the  laminae,  if 


Fig.  »76. — Sacrococcysi 


t,  over  the  gap;  by  swinging  a  flap  of  bone,  attached  by itsperi- 
I,  from  the  outer  table  of  the  ilium;  by  a  bone  graft,  such  as 
{>ula  of  the  rabbit;  and  by  foreign  substances,  such  as  a  plate 
uloid;  procedures  of  this  character  are  rarely  necessary, 
■ences  sometimes  occur  and  hydrocephalus  may  follow. 
igenital  sacrococc3%eal  tumors  occur  on  the  dorsal  or  ventral 
.'.  Lipomata  may  communicate  with  the  interior  of  the  spinal 
dermoids  with  the  rectum,  bladder,  or  spinal  meninges.  Cystic 
containing  a  myxomatous  material  and  developing  between 
:tum  and  sacrum  originate  in  the  remains  of  the  postanal  gut, 
renteric  canal  (the  canal  which  connects  the  neural  and  enteric 
in  early  fetal  life).  Teralomata  (Fig.  276),  sarcomata,  and 
'nfida  constitute  the  remaining  congenital  tumors  in  this  region. 
taimeni  is  removal;  it  may  be  necessary  to  excise  a  portion  of 
arum  or  qjlit  the  posterior  wall  of  the  rectum. 
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Sacrococcygeal  fistulas  or  Pilonidal  sinus  are  the  result  of  imper- 
fect coalescence  of  the  skin,  or  persistence  of  the  postanal  gut.  The 
simplest  form  is  the  postanal  dimple.  Others  may  communicate 
with  the  rectum  or  spinal  canal.  The  treatment  is  excision  unless 
the  condition  gives  no  trouble. 

Spinal  curvatures  include  scoliosis,  kyphosis,  and  lordosis. 

Scoliosis,  or  lateral  curvature,  rarely  involves  the  spine  in  one 
curve  (total  scioUosis) ;  as  a  rule  there  are  two  or  niore  lateral  curves 
with  their  convexities  in  opposite  directions  (Fig.  277).  Lateral 
deformities  of  the  spine  due  to  caries,  fracture,  tumors,  etc.,  are  not 
placed  under  this  heading.  The  causes  are  rickets;  asymmetry,  the 
result  of  shortness  of  one  leg,  empyema,  torticollis,  etCy]  faulty  post- 
ures,  the  result  of  habit  (e.g.,  standing  on  one  leg),  occupation  (e.g.. 
constantly  working  a  lever  with  one  hand  or  foot),  or  disease  (e.g.. 
sacroiliac  disease) ;  and  central  neroous  diseases^  producing  imilateral 
atrophy  or  spasms  of  the  muscles.  The  most  common  form  is  the 
scoliosis  of  adolescence,  due  to  relaxed  muscles  and  ligaments  which 
do  not  develop  as  rapidly  as  the  spine.  One  of  the  causes  men- 
tioned above  may  be  a  contributing  factor.  The  patients  are  usually 
anemic  girls,  easily  fatigued,  and  frequently  assuming  attitudes  of 
rest,  e.g.,  standing  with  the  weight  resting  on  one  leg  or  lounging  in 
a  faulty  position. 

Symptoms  and  Pathological  Anatomy. — In  the  usual  variety  the 
lumbar  spine  becomes  convex  towards  the  left,  and  later  a  compen- 
satory dorsal  curve  with  the  convexity  to  the  right  develops;  ther^ 
may  or  may  not  be  an  associated  kyphosis.     The  vertebral  columr^ 
not  only  deviates  laterally,  but  is  twisted  in  a  spiral  direction,  th*-' 
spines  rotating  towards  the  concavity,  so  that  they  do  not  give  a^ 
accurate  indication  of  the  degree  of  curvature.     The  ribs  on  the  rigb  * 
side  are  separated,  more  horizontal,  and  bent  at  their  angles;  th«^ 
shoulder  is  raised,  the  scapula  more  prominent,  and  the  front  of  th  ^' 
chest  flattened.     On  the  left  side  the  ribs  are  crowded  together  an^  * 
their  angles  are  more  obtuse,  so  that  the  shoulder  is  lower,  the  scap  ^ 
ula  less  prominent,  and  the  chest  projects  anteriorly.    The  sternunT* 
moves  towards  the  concavity  and  faces  the  convexity.    In  the  wors  t: 
cases  the  thoracic  and  abdominal  viscera  are  displaced.     The  lef*^ 
hip  projects  and  the  waist  on  the  right  side  is  more  marked.    In  the? 
initial  stages  the  deformity  disappears  on  bending  forward,  or  on- 
hanging  from  a  bar,  but  in  the  fixed  stage  when  the  bones  have  be- 
come altered  in  shape  this  is  impossible.     Malaise,  backache,  inter- 
costal neuralgia,  dyspnea,  and  dyspepsia  may  annoy  the  patient. 
The  prognosis  is  good  if  the  cause  can  be  removed  and  the  spine 


Pic.  a77. — Scoliod*.     (Philadelphia  College  of  Physicians.) 
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Straightened  by  extension.    In  the  later  stages  improvement  may  be 
obtained  or  at  least  the  progress  of  deformity  interrupted- 

The  treatment  is  removal  of  the  cause  when  such  is  possible,  the 
correction  of  vicious  attitudes,  massage  and  electricity  to  the  weak- 
ened muscles,  and  gymnastic  exercises,  such  as  swinging  from  a  bar, 
riding  a  bicycle  with  an  inclined  seat,  balancing  a  light  weight  on  the 
head,  placing  the  hands  together  above  the  head  and  bending  for- 
wards, etc.     The  general  health  should  receive  attention  and  the 
patient  should  rest  in  the  recumbent  posture  daily.     Braces  and 
supports  tend  to  weaken  the  muscles,  and  are  employed  only  when 
deformity  is  advancing  despite  other  treatment.    .In  suitable  cases 
AbboH^s  method  seems  to  offer  the  best  prospects  for  complete  re- 
covery.    The  patient  lies  with  the  back  flexed  in  a  canvas  hammock. 
Straps  are  passed  around  the  body  in  various  directions,  and  fastened 
to  a  frame  of  gas  pipe,  the  bars  of  which  are  rotated,  thus  winding 
up  the  straps,  until  the  deformity  is  corrected  as  far  as  possible.    A 
plaster-of-Paris  jacket,  with  pads  arranged  to  maintain  the  correc- 
tion, is  then  applied.     After  the  plaster  has  hardened  windows  are 
cut  in  the  jacket  posterolaterally  over  the  site  of  the  previous  con- 
cavity of  the  spine,  and  anterolaterally  over  the  site  of  the  previous 
convexity.     Through  these  windows  felt  pads  are  introduced  to 
gradually  increase  the  amount  of  correction.     The  casts  are  changed 
every  four  to  six  months,  until  overcorrection  is  obtained.    The 
patient  then  wears  a  celluloid  jacket,  except  when  taking  exercises 
to  strengthen  the  muscles,  until  there  is  no  longer  any  tendency 
toward  recurrence  of  the  deformity. 

Kyphosis,  or  dorsal  convexity  of  the  spine,  may  involve  the  whole 
column,  as  is  physiological  in  infants,  but  is  usually  confined  to  the 
dorsal  region  and  may  or  may  not  be  associated  with  a  compensatory 
lumbar  lordosis.  The  causes  are  rickets;  faulty  postures j  the  result 
of  habit  (as  in  piano  playing),  occupation  (cobblers,  tailors,  etc.) 
or  disease  (myopia,  dyspnea,  asthma,  emphysema  and  chronic 
abdominal  disease);  affections  of  the  spine ,  such  as  tuberculosis^ 
syphilis,  malignant  growths,  aneurysmal  erosion,  osteoarthritis, 
ostitis  deformans,  osteomalacia,  hypertrophic  pulmonary  osteoarth- 
ropathy, and  acromegaly; /rac/wrcj;  and  senile  atrophy.  The  rouf^ 
shoulders  of  adolescence  occurs  in  the  same  type  of  patients  as  the 
scoliosis  of  adolescence. 

The  treatment  varies  with  the  cause;  many  of  the  forms  mention- 
ed above  cannot  be  remedied.  In  adolescence  roimd  shoulders  ipsy 
require  the  correction  of  myopia  or  the  removal  of  adenoids.  Vidous 
postures  should  be  corrected,  and  the  muscles  strengthened  by 
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massage,  electricity,  and  exercises;  rest  should  be  taken  on  a  hard 
mattress,  with  a  pillow  beneath  the  deformity.  If  the  deformity  is 
progressive,  a  brace  may  be  required. 

Lordo6iS|  or  anterior  curvature  of  the  lumbar  spine,  is  compensa- 
tory in  kyphosis,  large  abdominal  tumors,  pregnancy,  etc.  The 
most  common  cause  is  fixation  of  the  hip  in  flexion,  e.g.,  in  congenital 
or  unreduced  dislocations  and  in  hip  disease  or  ankylosis.  It  occurs 
also  in  rickets,  caries  of  the  posterior  part  of  the  vertebral  bodies, 
progressive  muscular  atrophy,  pseudohypertrophic  paralysis,  and 
spondylolisthesis.  The  treatment  is  removal  of  the  cause  when  such 
b  possible. 

Spondylolisthesis  is  a  rare  condition  confined  almost  exclusively 
to  the  lumbosacral  joint.  As  the  result  of  imperfect  development  or 
fracture  of  the  articular  processes,  the  spinal  column  slips  downward 
and  forward  from  the  sacrum,  thus  causing  marked  lordosis  and 
shortening  of  stature.  The  treatment  is  extension  in  the  recumbent 
posture.  If  the  patient  sits  up  or  walks,  a  brace  will  be  needed  to 
convey  the  weight  of  the  body  to  the  pelvis.  Ryerson  treated  one 
patient  successfully  by  splinting  the  -spine  with  a  bone  graft. 

Spondylitis  defonnans  is  osteoarthritis  of  the  spine  which  results 
in  locking  of  the  vertebrae  by  osteophytes.  There  are  pain  and  ten- 
derness, with  kyphosis  and  perhaps  pressure  on  the  nerve  roots. 
The  treatment  is  that  of  osteoarthritis  elsewhere.  Braces  are  occa- 
sionally required  to  prevent  increase  of  deformity. 

Typhoid  spine  is  a  term  applied  to  a  periostitis  or  ostitis  following 
typhoid  fever.  There  are  pain,  tenderness,  and  weakness  of  the 
spine,  with  muscular  rigidity.  Suppuration  rarely  occurs.  The 
treatment  is  a  plaster  cast  or  leather  jacket,  and  later  massage  and 
electricity. 

Acute  osteomyelitis  of  the  vertebrae  is  uncommon  and  is  due  to  the 
same  causes  as  osteomyelitis  elsewhere.  When  the  arches  are  in- 
volved the  condition  is  easily  recognized,  but  when  the  bodies  are 
affected  the  diagnosis  is  often  difficult,  the  condition  being  mistaken 
for  typhoid  fever,  peritonitis,  etc.  The  infection  may  spread  to  the 
meninges,  the  symptoms  then  being  those  of  meningitis.  The  symp- 
toms  are  acute  pain  and  tenderness,  rigidity  of  the  spinal  muscles, 
and  the  constitutional  symptoms  of  sepsis.  The  abscess  may  appear 
posteriorly  or  anteriorly  (retropharyngeal,  mediastinal,  lumbar,  or 
pelvic).  The  treatment  is  that  of  osteomyelitis  elsewhere,  viz.,  in- 
cision and  drainage,  and  at  a  later  period  removal  of  the  sequestrum. 

Tuberculosis  of  the  spine  {Pottos  disease^  angular  curvature, 
spondylitis)  may  occur  at  any  period  of  life,  but  is  most  frequent 
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between  the  sixth  and  tenth  year.  Heredity,  impaired  health,  poor 
hygienic  surroundings,  and  injuries,  often  slight  in  nature,  provide  a 
favorable  soil  for  the  tubercle  bacillus.  The  disease  may  occur  in 
any  portion  of  the  spine,  but  is  most  frequent  in  the  lower  dorsil 
region. 

The  pathology  is  that  of  tuberculous  bone  disease  elsewhot. 
The  starting  point  is  usually  on  the  anterior  surface  of  the  body  just 
beneath  the  periosteum,  or  at  the  upper  or  lower  epiphyseal  line;  the 
posterior  arches  are  rarely  involved  primarily.  The  cancellous  bone 
of  the  body  is  gradually  destroyed,  and  the  disease  spreads  to  neigb- 
boring  vertebrae  beneath  the  anterior  common  ligament,  or  by  disin- 


tegrating  the  intervertebral  cartilages.  Caseous  changes  occur, 
and  pus  forms,  and  burrows  in  the  direction  of  least  resistance. 
Caries  without  suppuration  (caries  sicca)  and  caries  with  the  forma- 
tion of  sequestra  (caries  necrolica)  occasionally  occur.  Owing  to  the 
destruction  of  the  bodies  of  the  vertebrse,  the  ^ine  bends  and  * 
Ijosterior  angular  deformity  is  produced  (Fig.  278).  The  spinal  cord 
is  occasionally  involved.  Cure  is  effected  by  the  formation  of  ne* 
bone,  ankylosis  of  the  vertebrae,  and  the  organization  or  caldficatioa 
of  the  surrounding  inflammatory  tissue. 

The  local  symptoms  are  pain,  rigidity,  deformity,  abscess,  paraly- 
sis.   Pain  is  rarely  severe,  indeed  may  be  absent.    It  is  increased  by 
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local  presstire,  movements,  and  jarring  of  the  spine.  When  the  nerve 
roots  are  irritated  the  pain  is  referred  to  the  area  supplied  by  these 
nerves.  Rigidity  in  the  early  stages  is  due  to  muscular  spasm,  which 
is  nature's  effort  to  protect  the  diseased  part.  In  the  convalescing 
stage  immobility  of  the  spine  is  due  to  ankylosis.  Movements  of  the 
^ine  are  instinctively  resisted.  The  patient  walks  like  a  marionette, 
refuses  to  jump,  stoops  by  bending  the  knees  and  hips  and  not  the 
back,  turns  around  by  moving  the  whole  body  as  a  imit  instead  of 
rotating  the  spine  (particularly  in  cervical  caries) ,  and  when  sitting 
takes  the  weight  of  the  upper  part  of  the  trunk  from  the  diseased 
vertebrae  (lower  dorsal  or  lumbar  caries)  by  grasping  the  arms  of 
the  chair.  The  hardening  of  the  muscles  is  easily  appreciable  to 
the  fingers.  Deformity  varies  in  nature  and  degree  according  to  the 
location  and  extent  of  the  disease.  In  the  early  stages  a  slight 
lordosis  in  the  cervical  or  lumbar  region  may  be  caused  by  muscular 
spasm,  very  rarely  by  caries  of.  the  posterior  part  of  the  vertebral 
body.  Disease  of  the  arches  does  not  produce  deformity.  When  the 
disease  affects  one  side  more  than  the  other  and  lateral  curvature 
occurs,  the  torsion  of  the  vertebrae  is  in  the  opposite  direction  to  that 
of  scoliosis,  i.e.,  the  bodies  occupy  the  concave  side  of  the  curve. 
Posterior  angular  deformity  is  the  typical  one;  the  more  vertebrae 
involved  the  more  obtuse  the  angle.  In  the  cervical  and  lumbar 
regions  the  spine  necessarily  becomes  straight  before  posterior  de- 
formity can  occur;  in  the  former  situation  it  is  rarely  marked.  Com- 
pensatory curves  form  in  the  remaining  parts  of  the  spine,  and  when 
the  dorsal  vertebrae  are  badly  deformed  secondary  changes  in  the 
shape  of  the  thorax  occur.  Abscesses  occur  in  the  later  stages,  and 
owing  to  their  deep  origin  usually  attain  a  large  size  and  travel  a  long 
distance  before  being  recognized.  In  the  cervical  region  the  pus 
collects  behind  the  posterior  phar3mgeal  wall  {chronic  retropharyngeal 
obscess,  see  pharjmx).  In  the  upper  dorsal  region  the  abscess  usually 
perforates  the  intercostal  structures  and  appears  posteriorly  (dorsal 
abscess) ;  rarely  it  comes  to  the  surface  at  the  base  of  the  neck.  In 
the  lower  dorsal  or  the  lumbar  region  the  pus  passes  backwards 
(lumbar  abscess),  or  enters  the  psoas  sheath  (psoas  abscess)  and 
gravitates  downwards,  either  forming  a  large  swelling  in  the  iliac 
region  or  pointing  below  Poupart's  ligament,  usually  external  to  the 
femoral  vessels.  A  psoas  abscess  may,  however,  come  to  the  surface 
on  the  inner  side  of  the  vessels,  on  the  inner  side  of  the  thigh,  or  even 
as  low  as  the  heel;  occasionally  it  bursts  into  the  rectum,  bladder, 
vagina,  or  on  the  perineum.  Paralysis  is  not  frequent  (about  7  per 
cent.)  and  occurs  only  in  the  later  stages.     It  is  rarely  sudden  in 
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onset,  and  is  then  probably  due  to  displacement  of  bone.  As  a  rule 
it  appears  slowly  as  the  result  of  compression  of  the  cord  by  tuber- 
culous masses  or  pus,  or  most  commonly  pachymeningitis.  Sensa- 
tion is  affected  later.  The  constitutional  symptoms  are  those  of 
tuberculosis  elsewhere. 

The  diagnosis  may  be  difficult  before  the 
onset  of  deformity.  Localized  tenderness 
and  rigidity  are  the  most  important  symp- 
toms in  this  stage.  The  reflected  pains  may 
\  be  mistaken  for  pleurisy,  abdominal  disease, 
neuralgia,  rheumatism,  etc.  Angular  de- 
formity may  be  caused  also  by  syphilis, 
malignant  growths,  and  aneurysmal 
erosions.  In  kyphosis  due  to  other  causes, 
the  deformity  is  usually  a  long  curve  rather 
than  a  limited  angular  projection,  and 
rigidity  is  generally  absent.  Flexion  of  the 
hip  due  to  psoas  abscess  should  not-  be  mis- 
taken for  hip  joint  disease,  and  it  should  be 
recalled  that  psoas  abscess  may  be  due  to 
other  causes  than  tuberculosis,  as  may  also 
abscesses  in  the  other  regions  indicated 
above.  The  osseous  lesion  can  almost 
always  be  demonstrated  with  the  X-ray; 
the  tuberculin  test  is  occasionally  of  ser\1ce. 
The  prognosis  is  good  in  children  who 
are  efficiently  treated  from  the  beginning- 
crushing  of  vertebral  bodies  The  higher  the  disease,  the  more  vertebrs 

and  progress  of  deformity  by    .         ,       ,  .    .1  u         .v  .-      ,.    .1.- 

the  approximation  of  the  mvolved,  and  the  Older  the  patient,  tnc 
worse  the  prognosis.  Abscesses  which  be- 
come infected  with  pyogenic  organism^ 
cause  hectic  fever  and  eventuate  in  amyloitJ- 
disease  unless  the  infection  can  be  controlled  ' 
Paralysis  is  a  grave  complication,  but  witl» 
suitable  treatment  may  entirely  disappear, 
ad-  Death  is  usually  the  result  of  exhaustion, 
sepsis,  tuberculosis  elsewhere,  involvement 
of  the  cord  or  meninges,  or  an  intercurrent  malady.  Sudden  death 
from  dislocation  may  occur  in  disease  of  the  atlas  or  axis. 

The  treatment  is  local  and  constitutional.  For  the  latter  see 
tuberculosis.  The  local  treatment  is  (i)  rest,  (2)  correction  of  de- 
formity, (3)  evacuation  of  abscesses  and  possibly  removal  of  d 


Fig.  v7c>. — Each  vertebra 
is  a  lever  with  its  fulcrum 
point  at  small  F.  The  arrow 
on  the  vertebral  bodies  at  2.  a. 
indicates  lines  of  force  from 
weight  bearing,  involuntary 
..influencing 


this  is  prevented  by  a  ] 
lengthwise  on  the  graft  as 
tiicated  by  the  small  arri 
situated  at  each  spinous  pi 
CSS.  The  graft  in  respecl 
this  direction  of  force  is  under 

vantage.      (Albe. 
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bone,  and  (4)  the  care  of  paralysis  if  it  should  occur.  Local  applica- 
tions are  useless,  and  blisters  and  the  actual  cautery  may  be  harmful 
in  predisposing  to  bed  sores,  i.  Rest  is  best  obtained  by  the  recum- 
bent posture  and  the  application  of  extension.  In  cervical  caries 
extension  is  applied  to  the  head  only  (Fig.  280),  the  head  of  the  bed 
being  slightly  elevated,  and  sand  bags  being  used  to  prevent  lateral 
motions.  In  the  lower  dorsal  or  lumbar  region  extension  should  be 
applied  also  to  the  legs.  Restless  children  may  be  fastened  to  a  Brad- 
ford frame  in  which  an  opening  has  been  provided  for  the  discharges 
from  the  bowels.  After  a  number  of  months  when  the  pain  and  acute 
symptoms  have  subsided,  or  even  before  in  adults  or  in  children  who 
do  not  stand  bed  treatment  well,  aplaster  castor  a  leather  brace  should 
be  applied  and  the  patient  allowed  to  walk,  about.  Sayre's  plaster 
jacket  is  applied  as  follows:  An  armless  undershirt,  of  wool  or  stock- 
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ingette  reachingbelow  the  iliac  crests,  is  put  on  the  patient,  who  is  sus- 
pended from  a  tripod  <Fig.  281}  with  the  toes  just  reaching  the  ground ; 
instead  of  using  the  axillary  straps  the  patient  may  grasp  the  cross 
bar  above.  In  some  cases  the  cast  should  be  applied  in  the  recum- 
bent posture  while  extension  is  being  made.  A  folded  towel  is  placed 
over  the  epigastrium,  and  this  "dinner  pad"  is  withdrawn  after  the 
plaster  has  set;  padding  is  placed  also  over  the  posterior  deformity, 
the  iliac  crests,  and  the  breasts.  Plaster  bandages  are  now  applied 
about  the  trunk  from  the  axillse  to  below  the  iliac  crests.  In  disease 
above  the  middorsal  region  it  will  be  necessary  to  apply  a  jury  mast 
(Fig.  282),  or  to  include  the  neck  in  the  plaster  bandage,  so  as  to  take 
the  weight  of  the  head  from  the  body.  The  cast  may  be  split  down 
the  front  and  provided  with  hooks  for  lacing,  so  that  it  may  be  re- 
moved and  reapplied  from  time  to  time,  or  a  new  cast  may  be  ap- 
plied every  two  or  three  months.     The  cast  or  a  suitable  leather  or 
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felt  jacket  should  be  worn  for  at  least  six  months  after  the  patient 
is  apparently  cured.  In  order  to  secure  ankylosis,  the  spinous 
processes  of  the  vertebrae  may  be  split  longitudinally  and  a  segment 
of  the  crest  of  the  tibia  (Albee),  or  of  the  vertebral  border  of  the 
scapula  (Ombr£danne)  implanted  into  the  osseous  wound. 

2,  Deformity  when  recent  may  be  gradually  corrected  by  exten- 
sion, and  gentle  pressure  over  the  gibbosity,  either  by  means  of  a  pad 
left  in  place  or  by  daily  pressure  with  the  hand.  In  old  cases  after 
ankylosis  has  occurred,  removal  of  the  spinous  processes  may  be 
indicated.  Forcible  correction  at  one  sitting,  first  proposed  by 
Chipault,  who  also  wires  the  spinous  processes  together  to  maintain 
the  reduction,  is  often  called  Calot's  method  because  of  the  enthusi- 
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asm  with  which  he  has  advocated  it.     Most  surgeons  conader  tb^ 
method  dangerous. 

3.  Abscesses  should  be  evacuated  when  detected.  The  general 
principles  of  the  treatment  of  chronic  abscess  have  been  conadered 
in  chap,  vii,  and  the  treatment  of  retropharyngeal  abscess  will  bt 
described  under  diseases  of  the  pharj-nx.  In  abscesses  due  to  disease 
of  the  posterior  arches,  a  free  incision  should  be  made,  the  diseased 
bone  removed,  and  the  cavity  disinfected  and  packed  with  iodoform 
gauze.  Dorsal,  lumbar,  and  psoas  abscesses  should  be  incised  at  the 
point  where  they  are  nearest  the  surface,  the  pyogenic  monbnne 
and  cheesy  masses  removed  by  curetting  with  a  piece  of  gauze  on  a 
long  pair  of  forceps,  the  cavity  irrigated  with  salt  sohition  and  in- 
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*d  with  iodoform  emulsion,  and  the  wound  closed  with  sutures. 
e  surgeons  prefer  to  tap  with  a  trocar  and  cannula,  but  irrigation 
nsatisfactory  through  a  cannula  and  removal  of  the  debris  is 
ossible.  These  operations  may  have  to  be  repeated.  If  diseased 
3  is  found  it  should  be  removed.  Treves^  operation  may  be  per- 
led  in  disease  of  the  twelfth  dorsal  or  any  of  the  lumbar  vertebrae, 
incision  is  made  along  the  outer  edge  of  the  erector  spinae  from 
last  rib  to  the  crest  of  the  ilium,  and  the  tissues  divided  until  the 
iratus  lumborum  is  exposed,  which  with  the  underlying  fascia 
at  transversely  to  avoid  the  lumbar  arteries.  The  abscess  is 
led,  irrigated,  the  pyogenic  membrane  excised,  diseased  bone 
oved  with  forceps  or  chisel,  and  the  wound  closed  with  sutures, 
myogenic  infection  is  present,  the  wound  should  be  left  open, 
ilized  with  chemical  antiseptics  and  then  closed  according  to  the 
nic  of  secondary  suture.  Similar  operations  have  been  per- 
led  in  the  cervical  and,  after  resection  of  the  ribs,  in  the  dorsal 
ons. 

{.  Paralysis  is  treated  by  extension  and  gentle  pressure  to  correct 
deformity,  care  being  taken  to  preserve  nutrition,  prevent  bed 
s,  cystitis,  etc.,  as  indicated  under  fracture  of  the  spine.  As 
pression  of  the  cord  is  usually  caused  by  pachymeningitis,  and  as 
•very  frequently  follows  this  treatment,  laminectomy  is  employed 
'  when  the  symptoms  persist  or  increase  after  months  or  even  a 
"  of  extension,  when  the  patient's  life  is  threatened  by  sepsis  the 
It  of  cystitis  or  bed  sores,  when  the  posterior  arches  are  diseased, 
rhen  the  compression  is  acute  in  onset,  indicating  bony  displace- 
it. 

^imal  meningitis  extends  from  the  membranes  of  the  brain  or 
ins  as  a  local  affection.  Pachymeningitis  may  follow  disease  or 
ry  of  the  vertebrae  and  is  often  syphilitic  or  tuberculous  in  nature, 
emorrhagic  pachymeningitis  interna  analogous  to  that  found  in 
head,  occurs  chiefly  in  the  cervical  region.  The  symptoms  of 
hymeningitis  are  first  those  of  irritation  of  the  nerve  roots,  i.e. 
oting  pains  and  perhaps  spasms  in  the  parts  supplied  by  the 
ves,  and  later  those  of  a  gradually  oncoming  compression  of  the 
i.  The  treatment  is  removal  of  the  cause,  rest,  and  potassium 
d.  Laminectomy  may  be  indicated  in  the  later  stages. 
icute  leptomeningitis  may  follow  disease  or  injury  of  the  spinal 
mn,  or  wounds  of  the  membranes.  It  usually  extends  to  the 
bral  meninges,  and  then  presents  the  symptoms  described  under 
nunation  of  the  latter  structure,  and  is  treated  by  the  same 
OS.     Chronic  [leptomeningitis   ^may    follow    the    acute    form. 
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When  chronic  from  the  beginning  it  is  usually  localized,  and  is 
prone  to  attack  the  syphilitic  and  alcoholic.  The  symptoms  are 
localized  pain  in  the  back,  rigidity  of  the  spinal  muscles,  and  evi- 
dences of  irritation  of  the  nerve  roots  as  described  above.  If  granu- 
lations form,  the  symptoms  will  be  similar  to  those  of  tumor.  The 
treatment  is  rest,  counter-irritation,  sedatives,  potassium  iodid,  and 
laminectomy  if  pressure  symptoms  ensue. 

Intraspinal  tumors  are  generally  gliomata,   gummata,  or  tuber- 
culous  masses.    Lipoma    (usually  congential),  fibroma,   angioma, 
myxoma,  chondroma,  hydatid  and  dermoid  cysts,  secondary  car- 
cinoma, and  sarcoma  also  occur.     The  tumor  may  be  extradural, 
subdural,  or  intramedullary.     The  symptoms  are  those  of  a  gradually 
oncoming  compression  with  perhaps  localized  pain  and   tenderness 
over  the  segment  involved.     The  disturbances  of  motion,  sensation, 
and  of  the  reflexes,  develop  from  below  upward  and  are  often  at 
first  unilateral.     In  the  beginning  the  symptoms  are  those  of  irrita- 
tion, i.e.,  shooting  pains,  hyperesthesia,  localized  spasms  (perhaps 
causing  lateral  curvature,  the  concavity  being  on  the  side  of  the 
tumor) ,  and  increased  reflexes.    Later  there  are  paresis,  hypesthesia, 
and  decrease  of  reflexes,  and  finally  paralysis,  anesthesia,  loss  of 
reflexes,    and    trophic   disturbances.     Motion   is   usually   affected 
before  sensation,  but  this  will  necessarily  depend  somewhat  on  the 
situation   of   the   growth.     The   pupils   may   be   affected  if  the 
lesion  is  above  the  second  dorsal  segment.     The  diagnosis  of  the 
nature  of  the  growth  is  usually  impossible,  although  a  previous  history 
of  syphilis,  tuberculosis,  or  a  malignant  growth  elsewhere,  should 
be  sought ;  a  tumor  occurring  soon  after  birth  would  probably  be  ^ 
lipoma.     The  X-ray  and  the  Wassermann  and  tuberculin  tests  al^*^ 
may  give  valuable  information.     The  seat  of  the  tumor  is  determin^^ 
by  the  localizing  symptoms  (see  spinal  localization).     Intramedullary 
growths  usually  produce  bilateral  symptoms  and  earlier  signs  ^^* 
compression.     Extramedullary   growths   are   apt   to   cause  earli^*^ 
and  more  severe  signs  of  irritation.     Chronic  inflammation  of  tta-^ 
meninges  or  cord  may  produce  similar  symptoms.     The  prognose- 
is  much  more  favorable  than  in  cerebral  tumors.     About  one-ha  ' 
are  operable  and  about  one-half  of  those  operated  upon  are  benefitecJ 
The  mortality  of  operation  is  10  per  cent. 

The  treatment,  if  s>T)hilis  and  metastatic  growths  can  be  eiC 
eluded,  is  laminectomy  and  removal  of  the  tumor. 

Infantile  paralysis  {acute  anterior  poliomyelitis)  usually  occur^ 
within  the  first  three  years  of  life,  is  mildly  contagious,  and  due  to  » 
specific  micro-organism   (Flexner  and  Noguchi),  whose  point  of 
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ingress  and  egress  is  the  nasal  mucous  membrane.  The  biting  stable 
fly  (stomoxys  calcitrans)  and  probably  also  the  common  fly  and  the 
bedbug  transmit  the  disease.  It  is  characterized  by  slight  fever, 
and  sudden  paralysis  of  a  group  of  muscles,  followed  by  rapid 
atrophy  because  of  the  destruction  of  their  trophic  centers  in  the 
anterior  horns  of  the  cord.  The  face  and  neck  are  very  rarely 
involved,^but  the  muscles  of  the  back  and  abdomen  may  be  affected. 
In  the  upper  extremity  the  deltoid,  brachialis  anticus,  biceps, 
supinator  longus,  extensors  or  flexors  of  the  wrist  or  fingers  may  be 
attacked;  in  the  leg,  the  favorite  site,  the  tibials  anticus  and  other 
muscles  on  the  front  of  the  leg;  and  in  the  thigh  the  quadriceps  and 
the  adductors.  The  surgical  treatment,  in  the  early  stages,  is  to 
prevent  deformity  and  increase  the  nutrition  of  the  muscles  by 
massage,  electricity,  passive  and  active  motions,  and  special  shoes  or 
braces,  either  during  the  night,  or  in  bad  cases  also  during  the  day. 
When  deformity  has  developed,  various  measures  may  be  indicated 
in  addition  to  the  above:  forcible  correction  under  an  anesthetic, 
tenotomy,  fasciotomy,  myotomy,  tendon  transplantation,  nerve 
transplantation,  osteotomy,  arthrodesis,  or  rarely  amputation  when 
a  limb  is  absolutely  useless. 


CHAPTER  XXm 

EAR,  NECK,  THYROID  GLAND 

THE  EAR 

Only  those  conditions  peculiar  to  the  ear  which  more  or  less 
directly  concern  the  surgeon  will  be  considered  in  this  chapter. 

The  external  ear  may  be  abnormally  small  (microtia),  or  it  may  be 
completely  or,  more  commonly,  partly  absent,  and  such  defects  can 
rarely  be  benefited  by  plastic  surgery.  Accessory  auricles  should  be 
amputated.  Congenital  fistulas  and  fissures  are  the  result  of  incom- 
plete closure  of  the  first  branchial  cleft;  the  former  may  be  excised, 
the  latter  sutured  after  paring  the  edges.  Very  large  ears(macrotia) 
have  been  reduced  in  size  by  the  removal  of  a  wedge-shaped  section 
from  the  upper  part  of  the  pinna  with  subsequent  suture.  Promi- 
nent ears  may  be  brought  closer  to  the  head  by  the  excision  of  an 
elUptical  portion  of  the  skin  on  the  posterior  aspect  with  subsequent 
suture,  or  by  denuding  the  groove  between  the  ear  and  the  skull  and 
closing  the  wound  with  sutures.  Wounds  of  the  auricle  are  often 
slow  in  healing  and  are  occasionally  followed  by  necrosis  of  the  car- 
tilage; if  the  meatus  is  involved  it  may  be  necessary  to  graft  skin 
to  prevent  atresia.  Loss  of  a  portion  of  the  ear  may  be  supplied  by  a 
pedunculated  flap  from  the  neighboring  skin,  the  pedicle  being  cut 
after  union  has  taken  place  (otoplasty);  artificial  ears  of  papier- 
mach6  or  metal  are  usually  more  slightly  than  the  shapeless  mass 
which  generally  follows  an  attempted  otoplasty  when  the  entire 
auricle  has  been  lost.  Hematoma  of  the  ear  {othematoma)  generally 
occupies  the  concavity  of  the  auricle,  the  blood  separating  the 
perichondrium  from  the  cartilage.  It  follows  injury  {boxers  ear)j 
or  occurs  spontaneoulsy,  most  frequently  in  the  insane,  and  is  then 
apt  to  be  followed  by  great  thickening  and  distortion.  The  treatment 
is  aspiration,  and  pressure  by  means  of  bandage.  Should  suppuration 
occur,  a  free  incision  will  be  needed. 

Inflammatory  affections  and  tumors  of  the  external  ear  present 
the  same  features  and  require  the  same  treatment  as  elsewhere. 

Atresia  of  the  meatus,  congenital  or  acquired,  when  membranous 
in  character  may  be  treated  by  excision  of  the  membrane  and  skin 
grafting. 

Impacted  cerumen  (plugs  of  wax)  causes  diminution  in  hearings 
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tinnitus,  and  sometimes  vertigo  and  inflammatory  troubles.  The 
diagnosis  is  made  by  the  speculum.  The  treatment  is  removal  by 
syringing  with  warm  bicarbonate  of  soda  solution.  The  wax  may 
first  be  softened  by  having  the  patient  retain  in  the  ear  for  fifteen 
minutes  or  longer  a  mixture  of  glycerin  and  water. 

Foreign  bodies  also  are  removed  by  syringing.  Live  insects  may 
be  killed  with  sweet  oil;  if  fastened  to  the  wall  of  the  canal  it  will  be 
necessary  to  use  angular  forceps  to  remove  them,  the  ear  being 
illuminated  with  a  head  mirror.  Vegetable  bodies  which  swell 
should  be  removed  at  once  by  instrumental  means  if  syringing  fails. 
If  unskilled,  one  may  do  much  harm  with  instruments  in  the  ear, 
hence  if  syringing  fails  the  case  should  be  referred  to  an  otologist. 
Rarely  will  it  be  necessary  to  turn  the  auricle  forwards  and  enter  the 
meatus  from  behind. 

,  The  surgical  complications  of  suppurative  otitis  media  are  often 
of  the  gravest  nature,  consequently  this  condition  should  never  be 
neglected.  Pyemiay  even  without  local  complications  may  occur, 
and  miliary  tuberculosis  occasionally  develops  when  the  aflfection  is 
tuberculous  in  nature.  The  local  complications  may  be  (i)  extra- 
cranial, (2)  cranial,  or  (3)  intracranial. 

1.  The  extracranial  complications  are  eczema  smd  furuncles  of  the 
meatus,  cervical  adenitis,  and  suppurative  arthritis  of  the  temporo- 
maxillary  joint. 

2.  The  cranial  complications. — Carious  or  necrotic  ossicles  may 
be  removed  through  the  meatus,  and  disease  of  adjacent  bone  is 
occasionally  treated  in  the  same  way,  but  more  frequently  a  mastoid 
operation  will  be  required  and  the  disease  can  then  be  dealt  with  from 
behind. 

Granulations  and  polypi  may  dam  up  the  discharge,  and  are 
removed  by  the  currette,  forceps,  or  snare. 

Suppuration  of  the  labyrinth  can  be  treated  only  by  providing  free 
drainage  of  the  tympanum ;  there  is  considerable  danger  of  extension 
to  the  brain. 

Facial  paralysis  is  due  to  neuritis,  pressure  being  exerted  by  the 
increase  in  the  size  of  the  nerve  and  the  thickening  of  its  osseous 
canal.  The  nutrition  of  the  facial  muscles  should  be  maintaine  dby 
electricty  and  massage,  and  if  no  signs  of  recovery  appear  after  six 
months,  the  nerve  may  be  anastomosed  with  the  spinal  accessory  or 
the  hypoglossal  (see  chap.  xvii). 

Fatal  hemorrhage  from  erosion  of  the  internal  carotid,  internal 
jugular,  middle  meningeal,  or  lateral  or  petrosal  sinus  is  a  rare  but 
possible  complication. 
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Mastoiditis  of  some  degree  is  probably  associated  with  every 
acute  suppurative  otitis  media,  but  if  the  tympanum  is  promptly 
drained,  no  ill  effects  need  follow.  The  mucous  membrane  alone  may 
be  involved,  but  what  is  recognized  clinically  as  mastoiditis  is  usually 
an  osteomyelitis.  There  may  be  a  desquamative  inflammation  which 
fills  the  cavities  with  cholesteatomatous  material.  Although  the 
mastoid  antrum  is  present  at  birth,  the  mastoid  cells  and  the  mastoid 
process  are  not  well  developed  until  after  puberty.  These  cdh 
surround  and  communicate  with  the  antrum  and  are  very  variable 
in  extent;  they  may  extend  forwards  above  the  meatus,  backwards 
to  the  occipital  bone,  upwards  to  the  parietal  bone,  and  downwards 
to  the  apex  of  the  mastoid. 

The  sjrmptoms  are  pain  and  tenderness,  both  of  which  may 
however,  be  absent  in  chronic  cases  with  a  thick  cortex  or  limited  dis- 
ease. In  acute  cases  there  may  be  fever  and  leukocytosis.  The 
most  important  sign  is  edema  and  bulging  of  the  upper  posterior 
wall  of  the  auditory  meatus.  If  the  infection  spreads  outwards 
there  will  be  redness  and  edema  of  the  skin  over  the  mastoid  and 
possibly  the  formation  of  a  subperiosteal  abscess,  which  may  perfor- 
ate and  form  a  subcutaneous  collection  of  pus,  or  spread  downwards 
and  give  rise  to  a  cellulitis  of  the  neck.  Extension  inwards  through 
the  tegmen  tympani  may  cause  inflammation  of  the  external  semi- 
circular canal  or  the  facial  nerve;  upwards,  abscess  on  either  side  of 
the  dura,  septic  meningitis,  or  cerebral  abscess;  downwards,  deq) 
cellulitis  of  the  neck;  forwards,  a  sinus  of  the  meatus;  and  backwards, 
thrombosis  of  the  lateral  sinus  or  abscess  of  the  cerebellum.  Often 
the  discharge  from  the  ear  abates  when  the  mastoid  symptoms  arc 
active.     A  skiagraph  is  usually  of  value  in  diagnosis. 

The  treatment  in  acute  cases  with  pain  and  tenderness  only, 
is  draining  and  cleansing  of  the  tympanum,  cold  to  the  mastoid, 
and  the  artificial  leech.  If  the  symptoms  persist  for  several  days, 
or  if  there  is  external  edema,  continuous  headache,  or  constitutional 
symptoms,  the  mastoid  should  be  opened  and  drained.  A  mastoid 
operation  is  indicated  likewise  in  cases  of  incurable  chronic  otorrhea 
even  when  there  are  no  symptoms  of  mastoiditis.  In  acute  mastoid- 
itis the  Schwartze  operation,  or  simple  opening  of  the  antrum  with 
drainage,  may  be  all  that  is  required.  In  chronic  cases  it  will  be 
necessary  to  clean  out  and  convert  into  one  cavity  the  antrum,  attic 
tympanum,  and  meatus  (Schwartze-Stacke  operation). 

In  the  Schwartze  operation  the  antrum  may  be  opened  with  a 
trephine,  awl,  gimlet,  or  with  a  bur  propelled  by  a  surgical  engiD^ 
but  probably  most  surgeons  use  a  gouge  or  a  chisel.    A  curved 
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incision  is  made  about  one-fourth  inch  posterior  to  and  parallel  with  the 
insertion  of  the  auricle,  from  above  the  ear  to  the  tip  of  the  mastoid, 
the  flap  including  the  periosteum  pushed  forwards,  the  mastoid 
vein  examined  for  thrombosis  (indicating  thrombosis  of  the  lateral 
sinus)  and  the  bone  for  sinuses.  In  the  absence  of  a  sinus,  which 
should  be  followed  if  present,  the  antrum  is  opened  in  Macewen's 
suprameatal  triangle,  which  is  bounded  above  by  the  posterior  root  of 
the  zygoma,  in  front  by  the  posterior  wall  of  the  external  meatus,  and 
behind  by  a  line  joining  these  two.  With  the  ear  pulled  well  forward 
this  triangle  can  be  recognized  as  a  depression  in  the  bone.  In  young 
children  the  antrum  may  be  perforated  with  a  curette.  In  adults 
the  chisel  or  gouge,  one-fourth  inch  in  width,  may  be  used,  thin  slices 
of  bone  being  removed  in  a  direction  downwards,  forwards,  and  slightly 
inwards.  Unless  the  bone  is  thickened  the  mastoid  cells  will  be 
encountered  just  below  the  surface.  The  antrum,  too,  is  superficial 
in  the  child,  but  in  the  adult  its  depth  beneath  the  surface  of  the 
bone  varies  from  one-eight  to  three-fourths  of  an  inch.  One  should 
never  penetrate  more  than  three-fifths  of  an  inch  from  the  anterior 
edge  of  the  external  opening,  because  of  the  danger  of  wounding  the 
facial  nerve  or  the  external  semicircular  canal.  The  opening  should 
be  enlarged,  and  all  infected  cells  removed  with  curette,  gouge,  or 
rongeur.  The  dura  and  sigmoid  sinus  need  not  be  feared  if  care  is 
taken  to  remove  very  thin  slices  of  bone,  and  to  explore  the  minutest 
opening  with  a  probe.  The  cavity  is  smoothed  with  the  curette, 
irrigated  with  salt  solution,  packed  with  gauze,  and  the  external 
wound  partly  closed. 

In  the  Schwartze-Stackeoperation  the  antrum  and  all  the  mastoid 
cells  are  obliterated  as  described  above,  remembering  the  extreme 
limits  at  which  these  cells  may  be  found.  The  postero-superior  wall 
of  the  meatus  is  next  removed  almost  as  far  as  the  floor  of  the  meatus, 
but  sloping  upwards  in  the  deeper  parts  to  avoid  the  facial  nerve. 
The  remains  of  the  tympanic  membrane,  malleus,  and  incus  are 
removed.  A  probe  may  be  passed  through  the  opening  between  the 
antrum  and  attic,  to  protect  the  facial  nerve  and  the  externial 
semicircular  canal,  which  lie  behind,  while  the  bone  in  front  including 
the  outer  wall  of  the  attic  is  removed.  The  inner  wall  and  floor 
of  the  antrum  should  not  be  disturbed,  because  of  the  danger  of 
injury  to  the  facial  nerve  or  external  semicircular  canal.  After 
smoothing  the  walls  of  the  cavity  and  irrigating  with  salt  solution 
the  posterior  wall  of  the  cartilaginous  meatus  is  split  longitudinally, 
and  the  flaps  thus  formed  stitched  to  the  posterior  margin  of  the  skin 
wound,  so  that  the  whole  cavity  can  be  inspected  through  the  meatus. 
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The  operation  is  completed  by  filling  the  cavity  with  gauze,  intro- 
duced through  the  meatus  and  posteriorly,  and  by  partly  closing  the 
wound  in  the  skin.  When  granulations  have  covered  the  bones 
healing  may  be  facilitated  by  the  use  of  Thiersch's  skin  graft. 
3.  The  intracranial  complications  of  otorrhea  are  thrombosis  ojtk 
lateral  sinas,  meningUis,  and  extradural,  cerebral,  or  cerebellar 
abscess  (see  chapter  on  the  Head). 

THE  NECK 

In  the  development  of  the  face  and  neck  five  processes  (branchial 
arches)  are  formed  on  each  side,  and  between  these  arches  are  the 
four  branchial  clefts.  The  first  arch  joins  its  fellow  in  the  middle 
line  to  form  the  lower  jaw,  the  malleus  developing  from  its  upper 
end.  A  process  from  the  base  of  this  arch  extends  forward  to  join 
the  fronto-nasal  process  jutting  down  from  above,  and  forms  the 
upper  jaw;  when  these  processes  fail  to  unite,  cleft  palate  and  harelip 
result,  The  second  arch  forms  the  incus,  stapes,  styloid  process 
stylohyoid  ligament,  and  lesser  cornu  of  the  hyoid  bone.  The 
remains  of  the  cleft  between  the  first  and  the  second  arch  is  seen  as 
the  Gasserian  fissure,  external  auditory  meatus,  tympanum,  and 
Ilustachian  canal.  The  tonsil  is  formed  from  the  second  branchial 
cleft.  The  third  arch  forms  the  body  and  greater  cornu  of  the 
hyoid  bone,  the  thymus  gland  and  parathyroids  bodies  are  formed 
from  the  third  branchial  cleft  while  the  rest  of  the  neck  develops 
from  the  remaining  arch.  A  rudimentary  fourth  branchial  cleft 
or  the  Tifth  arch  may  give  rise  to  a  post  branchial  growth. 

Branchial  fistulas  result  from  imperfect  closure  of  the  branchial 
clefts;  they  open  on  the  skin,  in  the  pharynx,  or  in  both  places. 
During  the  closure  of  branchial  clefts  (gill  clefts)  portions  of  the  walls 
of  the  clefts  may  become  enclosed  within  the  tissues  of  the  neck 
causing  various  sorts  of  tumors  and  cysts.    If  derived  from  the 
external  furrows,  they  are  dermoid  in  character,  lined  with  ecto- 
dermal derivatives,  and  contain  sebaceous  matter.    If  derived  from 
internal  furrows  they  contain  mucous  fluid,  the  lining  epithelium 
is  likely  to  be  columnar  and  sometimes  ciliated.    Fistulae  and  fissures 
in  the  neighborhood  of  the  ear  are  vestiges  of  the  first  branchial  deft 
Congenital  fistulae  of  the  neck  are  most  frequent  in  the  neighborhood 
of  the  fourth  cleft  and  open  externally  at  the  anterior  edge  of  the 
sternomastoid  closer  to  its  lower  end.     Fistulas  at  the  anterior  or 
posterior  edge  of  the  sternomastoid  at  the  level  of  the  larynx  are  the 
remains  of  the  second  or  third  cleft.    The  internal  opening  is  usually 
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>art  of  the  pharynx  or  behind  the  tonsil.  An  incomplete 
la  may  cause  a  congenital  diverticulum  of  the  esophagus, 
igin  are  some  median  fistulse,  which  may  open  into  the 
larynx,  and  which  when  incomplete  internally  may 
mors  {laryngocele  or  tracheocele).  Other  median  fistulse 
patent  thyroglossal  duel,  which  in  the  embryo  passes 
mus  of  the  thyroid  gland  up  in  front  of  the  trachea  and 
behind  or  through  the  body  of  the  hyoid  bone,  to  open 
;n  cecum  of  the  tongue.  Accessory  thyroids  may  spring 
tion  of  this  duct.  All  these  fistuUe  are  lined  by  mucous 
id  hence  give  rise  to  a  mucoid  discharge. 


F:c,.  J83.— Hydro( 


the  neck  may  be  congenital  or  acquired, 
al  cysts,  which  ma)'  not  appear  for  some  years  after 
e  the  branchial,  thyroglossal  {either  of  which  may  be 
ermoid),  and  blood  cysts,  and  cystic  lymphangioma. 
■Sts  arise  from  unobliterated  portions  of  the  branchial 
iually  lie  beneath  the  muscles  of  the  tongue  or  behind 
istoid;  in  the  former  situation  they  may  be  mistaken 
n  the  latter  they  are  often  closely  connected  with  the 
They  are  lined  by  epithelium  and  contain  a  serous  or 
rial  {hygroma,  hydrocele  of  the  neck- — Fig,  283),  or  sebum, 
c.  {dermoids) .  Thyroglossal  cysts  arise  from  any  portion 
glossal  duct,  hence  are  median  in  position;  they  may 
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contain  mucus  or  dermoid  material.  Sublingual  dermoids  and 
subhyoid  cysts  belong  to  this  class.  Blood  cysts  probably  arise  from  a 
congenital  diverticulum  of  one  of  the  large  veins  of  the  neck;  if 
the  communication  persists,  they  may  be  reduced  by  pressure,  and 
vary  in  size  during  respiration.  Cystic  Ijrmphangioma  (Fig.  84)^ 
sometimes  improperly  called  cystic  hygroma,  is  due  to  dilated 
lymph  vessels  and  spaces,  hence  is  multilocular  and  lobulated;  it 
may  spread  to  the  face  and  into  the  thorax  and  is  then  beyond 
operative  aid. 

Acquired  cysts  may  be  sebaceous  (chap,  xiv),  hydatid  (chap, 
xiii),   th]rroid    (see  cystic   goiter),   bursal,   or  malignant.    Bursal 
cysts  may  develop  over  the  thyroid  cartilage,  or  between  it  and  the 
hyoid  bone.     Occasionally  one  encounters  a  carcinoma  deep  in  the 
cervical  tissues  without  finding  a  primary  growth  elsewhere.     These 
cases  may  be  regarded  as  branchiogenic  carcinoma  of  glandular 
type  derived  from  embryonic  inclusions  of  epithelium  derived  from 
infolding  of  ectoderm  forming  the  inner  clefts;  if  squamous  celled 
from  either  entoderm  or  ectoderm.    After  a  time  they  undergo 
cystic  degeneration  (malignant  cysts  of  the  neck),  or  break  do^n 
into  a  puruloid  material,  and  may  superficially  resemble  a  chronic 
cellulitis  of  the  neck.     Sarcoma  of  the  neck  likewise  may  undergo 
cystic  degeneration.     The  treatment  of  all  the  conditions  mentioned 
above  is  excision,  which  is  often  a  difficult  matter.     Fistulas  and 
cysts  which  cannot  be  excised  may  be  opened,  and  the  lining  mem- 
brane destroyed  by  cauterization.     Blood  cysts  may  necessitate 
suture  or  ligature  of  the  jugular  or  subclavian  vein. 

Torticollis,  or  wry  neck,  is  a  deformity  in  which  the  head  is  bent 
towards  the  shoulder,  and  the  face  turned  towards  the  opposite  side 

False  torticollis  is  seen  in  cases  like  fracture  of  the  clavicle,  and 
tumors  and  inflammations  of  the  neck;  it  results  also  from  rheuma- 
tism or  cold  (stiff  neck)  and  hysteria.  The  treatment  is  directed  to 
the  cause. 

True,  or  chronic  torticollis,  may  be  (i)  spasmodic  or  (2)  perma- 
nent. I.  Spasmodic  torticollis  (tonic  or  clonic)  usually  affects  one 
sternomastoid  only,  but  occasionally  that  of  the  opposite  side  as  well 
as  the  posterior  deep  cervical  muscles  also  are  involved,  so  that  the 
head  is  drawn  backwards  (rctrocollis) .  The  spasm  may  be  persistent, 
or  it  may  intermit  for  days  or  weeks,  but  in  either  event  it  is  usually 
absent  during  sleep.  It  may  result  from  direct  irritation  of  the  nerve 
supplying  the  muscles,  e.g.,  by  tumors,  enlarged  glands,  cervical 
caries;  or  from  reflex  irritation,  such  as  carious  teeth,  worms,  and 
pelvic  troubles;  but  is  usually  seen  in  the  neurotic  and  hysterical  and 
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ae  due  to  irritation  of  the  motor  centers.  The  treatment 
my  source  of  irritation,  the  treatment  of  any  associated 
the  administration  of  antispasmodics.  If  these  meas- 
spinal  accessory  nerve  may  be  stretched  or  severed; 
:ervical  nerves  may  be  similarly  treated  if  the  posterior 
les  also  are  affected. 

lent  torticollis  is  the  result  of  malformation,  vicious 
(osition,  or  prenatal  disease  of  the  muscle  or  nerves 
ticoUis) ;  it  may  be  caused  also  by  strabismus,  scoliosis, 


le  opposite  muscle,  or  by  cicatricial  shortening  of  the 
ounding  tissues,  following  laceration  at  birth  or  subse- 

or  inflammations.  The  sternomastoid  alone  may  be 
;  trapezius  and  deeper  muscles  also  may  be  implicated 

cervical  fascia  shortened.  In  congenital  cases  (Fig. 
arising  soon  after  birth,  the  face  of  the  affected  side 
op   as  rapidly   as  the  sound  side.     A  compensatory 

concave  towards  the  affected  side,  develops  in   the 

and  a  secondary  dorsal  curve,  concave  in  the  opposite 
>rmed.  leading  to  changes  in  the  shape  of  the  vertebrae. 
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The  treatment  in  early  cases  is  masage,  manipulations  to  straighten 
the  head,  and  a  brace  or  support  to  maintain  the  corrected  position. 
Any  contributory  lesion,  such  as  strabismus,  scoliosis,  etc.,  likewise 
should  receive  attention.  In  most  cases,  however,  little  progres 
can  be  made  until  the  sternomastoid  muscle  has  been  divided.  The 
subcutaneous  operation  for  this  purix)se  is  unsafe  and  incomplete 
and  will  not  be  described.  In  the  open  method  the  muscle  is  isolated 
and  divided  through  a  transverse  incision  about  one-half  inch  above 
the  clavicle,  the  skin  is  then  sutured,  and  the  head  fixed  in  the  cor- 
rected position  by  plaster-of-Paris  or  other  apparatus.  Mikulicz 
removes  the  entire  muscle  as  far  as  the  spinal  accessory  nerve. 

Cervical  rib  springs  from  the  anterior  transverse  process  of  the 
seventh  cervical  vertebra.     It  is  bilateral  in  about  two-thirds  of  the 
cases;  more  common  in  females;  rarely  a  second  cervical  rib  may 
arise  from  the  sixth  cervical  vertebra.     The  anterior  extremity  is 
usually  free,  but  it  may  unite  with  the  first  rib  or  with  even  the  stern- 
um.    The  brachial  plexus  and  subclavian  artery  pass  over  it,  and 
with  the  growth  of  the  rib  or  its  ossification  these  structures  are 
compressed,  causing  pain,  weakness  of  the  arm,  trophic  troubles, or 
even  obliteration  of  the  pulse  and  gangrene.     It  may  be  mistaken  for 
neuritis  from  other  causes,  Ra>Tiaud's  disease,  as  well  as  aneurj'sm. 
There  is  no  edema  of  the  arm,  because  the  subclavian  vein  lies  in 
front  of  the  scalenus  anticus  muscle  and  escapees  pressure.    The 
rib  forms  a  prominence  in  the  neck,  which  has  been  mistaken  for 
aneurysm,  because  it  pushes  the  subclavian  artery  forwards  and 
upwards.     The  X-ray  will  dispel  all  doubt.    If  there  are  pressure 
symptoms,  the  rib  may  be  removed  through  a  transverse  indsion 
after  separating  the  nerves  and  vessels. 

Cellulitis  of  the  neck  is  usually  secondary  to  infections  in  the  area 
drained  by  the  cervical  lymph  glands,  but  may  follow  also  cold, 
injury,  and  acute  infectious  fevers.  The  process  varies  greatly 
according  to  its  situation,  the  virulency  of  the  infection,  and  the  resist- 
ance of  the  individual;  thus  it  may  be  superficial'or  deep  (with  refer- 
ence to  the  cervical  fascia),  circumscribed  or  diffuse,  acute  or  chronic- 
SuperfKial  inflammatory  troubles  of  the  neck  differ  little  from  lik^ 
lesions  elsewhere  and  require  no  special  mention.  Deep  cellulitis  of 
abscess  is  often  of  the  gravest  nature  because  of  the  danger  of  extefl* 
sion  to  the  axilla,  mediastinum,  or  pleura,  rupture  into  the  trachea 
or  esophagus,  or  edema  of  the  glottis.  External  fluctuation  and 
pointing  are  the  exception.  In  addition  to  the  general  septic 
symptoms  the  neck  is  swollen  and  hardened  and  the  skin  red  and 
edematous.    The  head  is  bent  towards  the  affected  side,  and  there 
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may  be  dysphagia,  dyspnea,  and  symptoms  of  pressure  on  the  vessels 
or  nerves.  A  streptococcic  cellulitis  of  the  sublingual  and  submental 
region  is  called  angina  Ludovici.  The  floor  of  the  mouth,  the  inter- 
muscular and  subcutaneous  tissues  of  the  submaxillary  region  are 
involved  in  a  tense  phlegmon  which  tends  toward  gangrene.  A 
chronic  form  of  cellulitis  of  the  neck  with  little  or  no  pain  and  fever 
and  presenting  a  board-like  inflammatory  hardness,  has  been  des- 
cribed  by  Reclus  under  the  term  phlegmone  ligneuse  du  cou,  or  woody 
phlegmon  of  the  neck.  After  a  time  a  small  abscess  forms  and 
healing  ensues,  although  in  one  case  death  was  due  to  edema  of  the 
glottis.  These  cases  resemble  a  carcinomatous  infiltration  of  the 
neck. 

The  treatment  in  acute  cases  is  prompt  incision,  never  waiting  for 
fluctuation.  A  general  anesthetic  should  not  be  given  if  pus  is 
discharging  into  the  mouth  or  there  is  trismus.  An  abscess  may  be 
opened  by  Hilton's  plan  (see  abscess).  Tracheotomy  is  sometimes 
necessary.  The  constitutional  symptoms  of  sepsis  should  be  com- 
bated. 

Cut  throat  may  be  homicidal  or  suicidal.  In  the  latter  the  wound 
is  usually  between  the  hyoid  bone  and  the  larynx  and  deepest  on  the 
side  opposite  to  the  hand  employed.  In  either  case,  however,  the 
wound  varies  both  as  to  depth  and  to  situation,  and  any  of  the  struc- 
tures of  the  neck  may  be  involved.  The  effects  of  division  of  the 
nerves  have  already  been  mentioned.  The  diagnosis  of  a  wound  of 
the  air  passages  is  easily  made.  Injury  to  the  esophagus  is  much 
less  common  and  may  be  accompanied  by  hematemesis,  dysphagia, 
and  the  escape  of  mucus  or  food  through  the  wound.  The  immediate 
dangers  are  shock,  hemorrhage,  air  embolism,  and  asphyxia  due  to 
blood  or  displaced  structures.  The  secondary  dangers  are  cellulitis 
septicemia,  pyemia,  edema  of  the  glottis,  secondary  hemorrhage, 
inspiration  pneumonia,  and  emphysema  of  the  cellular  tissues. 

The  treatment  is  arrest  of  hemorrhage,  even  the  smallest  bleeding 
pobt  being  attended  to,  because  of  the  danger  of  blood  trickling  into 
the  air  passages;  removal  of  clots  from  the  trachea;  saline  infusion 
and  other  means  to  combat  shock;  disinfection  of  the  wound;  and 
suture  of  divided  nerves,  esophagus,  trachea,  larynx,  and  muscles. 
Drainage  should  be  employed  in  order  to  provide  a  vent  for  blood, 
air,  or  esophageal  secretions.  In  an  extensive  transverse  wound  of 
the  trachea  the  sutures  almost  invariably  tear  out.  If  the  larynx 
has  been  opened,  safety  demands  the  performance  of  a  high  tracheot- 
omy, as  breathing  is  sure  to  be  obstructed.  The  neck  is  dressed 
^th  the  head  flexed  on  the  chest,  and  the  patient  fed  per  rectum  or 
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through  a  tube  in  the  esophagus,  if  that  structure  has  not  been 
wounded. 

Among  the  sequela  may  be  mentioned  stenosis  of  the  larynx, 
esophagus,  or  trachea  (q.v.);  esophageal  fistula,  which  usually 
closes  after  a  time;  aerial  fistula,  which  if  persistent  may  be  closed 
by  freshening  and  suturing  the  opening  in  the  air  passage,  care  being 
taken  first  to  make  sure  that  there  is  no  stenosis  above;  and  lesions 
which  may  follow  division  .of  nerves,  e.g.,  aphonia  from  a  severed 
recurrent  laryngeal  nerve. 

THE  THYROID  GLAND 

The  paiaihyToid  glands  are  four  in  number.  They  are  brownish 
red,  oval  bodies,  about  one-fourth  inch  in  length,  lying  upon  the 
posterior  surface  of  the  capsule  of  the  thyroid  gland,  one  near  the 
pole  of  each  lobe.  Each  parathyroid  has  a  terminal  artery,  usually 
derived  from  the  anastomotic  branch  between  the  superior  and  infe- 
rior thyroid  arteries.  A  knowledge  of  the  existence  and  situation 
of  these  bodies  is  of  great  importance  to  the  surgeon,  as  their  destruc- 
tion results  in  tetany,  severe  and  fatal  if  none  is  left,  milder  if  one 
or  two  remain.  In  about  lo  per  cent,  or  more  of  lobectomies  (so 
called  intra  capsular)  parathyroids  are  removed,  but  no  tetany  fol- 
lows, those  on  the  other  side  being  sufl5cient.  Poole  says  that  at 
least  one  lobe  must  always  be  left.  In  3203  goitre  operated  upon 
the  Mayos  report  only  one  case  of  tetany.  The  symptoms  of  this 
tetany  parathyreopriva,  as  it  is  called,  are  those  of  other  forms  of 
tetany,  for  which  the  student  is  referred  to  a  text-book  on  medicine. 
The  treatment  is  administration  of  parathyroid  extract  or  serum, 
and  calcium  lactate,  in  a  5  per  cent,  solution,  by  mouth,  rectum,  or 
intravenously;  transplantation  of  parathyroids  from  animals  also 
has  been  tried. 

Wounds  of  the  thjrroid  cause  severe  bleeding,  which  may  be 
checked  by  sutures  or  by  gauze  packing.  In  some  cases  it  may  he 
necessary  to  extirpate  the  gland. 

Accessory  thyroids  may  be  found  about  the  thyroid  gland,  '^ 
the  upper  portion  of  the  chest,  or  along  the  course  of  a  thyroglossal 
duct  as  far  as  the  base  of  the  tongue  (lingual  goiter).  If  increasing 
in  size  or  causing  pressure  symptoms,  medical  treatment  as  de- 
scribed below  may  be  tried  for  a  time,  but  will  usually  fail,  and  then 
extirpation  should  be  performed,  first  making  sure  that  the  nonn^ 
thyroid  is  present,  as  the  accessory  gland  may  be  the  only  one  the 
patient  has,  and  its  removal  would  then  be  followed  by  myxedema. 
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The  presence  of  an  accessory  thyroid  explains  the  absence  of  myxede- 
ma in  some  cases  of  complete  thyroidectomy.  The  occurrence  of  a 
non-inflammatory  tumor  along  the  course  of  the  thyroglossal  duct, 
particularly  in  a  woman,  should  always  make  one  think  of  the  possi- 
bility of  an  accessory  thyroid. 

Absence  or  deficiency  of  the  internal  secretion,  the  result  of 
atrophy  or  absence  of  the  thyroidi  causes  a  peculiar  group  of  symp- 
toms, which  is  called  creiinistn  when  developing  soon  after  birth, 
myxedema  when  occurring  in  adults,  and  cachexia  sirumpriva  when 
following  extirpation  of  the  gland.  The  essential  features  of  these 
conditions  are  a  non-pitting  edema  of  the  subcutaneous  tissues,  due 
to  infiltration  with  a  mucin-like  substance  (myxedema),  pallor  and 
dryness  of  the  skin,  loss  of  hair,  and  in  children  dwarfing  of  the  body 
and  idiocy,  and  in  adults  marked  impairment  of  the  intellectual 
faculties  andioss  of  sexual  power.  According  to  Kocher  the  coagula- 
bility of  the  blood  is  increased  in  h)rpothyroidism.  The  treatmeni 
is  thyroid  extract,  one  grain  three  times  a  day,  gradually  increased 
to  10  or  more  grains,  watching  for  symptoms  of  thyroidism,  i.e., 
tachycardia,  nervousness,  delirium,  etc.  When  cure  has  been 
eflFected,  it  will  usually  te  necessary  to  administer  small  doses,  per- 
haps for  the  rest  of  the  patient's  life. 

Congestion  of  the  thyroid,  evidenced  by  slight  enlargement,  may 
be  due  to  cardiac  disease,  obstruction  to"  the  veins  in  the  mediasti- 
num, anemia,  overexertion,  or  emotion;  in  women  it  may  occur  at 
puberty,  or  during  pregnancy  or  menstruation.  No  surgical  treat- 
ment is  required. 

Thyroiditis  is  usually  a  complication  of  one  of  the  acute  infectious 
diseases,  but  may  follow  injury.  In  addition  to  the  ordinary  signs 
of  inflammation  there  may  be  pressure  symptoms  much  like  those 
which  occur  in  ordinary  goiter.  Inflammation  of  a  goiter  is  called 
sirj^tis.  The  treatment  is  that  of  inflammation  elsewhere,  includ- 
ing incision  should  suppuration  occur.  Tracheotomy,  preceded  by 
division  of  the  isthmus  or  in  some  cases  extirpation  of  the  organ,  may 
be  required  if  breathing  is  seriously  embarrassed. 

Tuberculosis,  gummata,  actinomycosis,  and  hydatid  cysts  are 
treated  as  are  such  conditions  elsewhere. 

Tumors  of  the  thyroid  are  sometimes  called  malignant  goiters^ 
and  indeed  it  is  often  difficult  to  make  a  sharp  distinction  between 
certain  goiters  and  some  neoplasms.  An  adenoma  theoretically  is 
is  distinguished  from  an  adenomatous  goiter  by  its  typical  micro- 
scopic picture,  and  by  the  fact  that  the  tumor  is  circumscribed  and 

separated  from  the  healthy  gland  tissue.     It,  however,  together 
37 
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with  ciircinoma  and  sarcoma  (Fig.  285),  may  give  rise  lo  metastases, 
henco  al!  tumors  of  the  thyroid  jiland  shoki  be  regarded  as  malignant 
and  be  extirpated  at  the  earliest  possible  moment.  They  usually 
develoit  after  forty,  often  from  a  simple  goiter,  are  hard,  fixed,  and 
irregular  in  contour,  grow  rapidly,  quickly  produce  pressure  symp- 
toms, anil  often  come  under  observation  only  when  they  have  in- 
vaded surrounding  tissues  and  arc  inoperable.  If  the  entire  gland 
is  removc<i.  the  patient  should  be  fed  on  thyroid  extract  subsequent 
to  operation.  In  the  later  stages  of  inoperable  growths  it  may  be 
necessary,  in  order  to  prevent  death  by  suffocation,  toperform  trache- 
otomy, a  most  difiicult  and 
dangerous  procedure  under  the 
circumstances,  as  one  m  ust 
([uickly  remove  sufficient  of  the 
lumor  to  expose  the  trachea  be- 
fore it  can  be  opened  and  a  tube 
introduced,  and  even  thcu  it 
may  be  found  that  the  site  oi 
the  compres.sion  is  retrosternal, 
in  which  event  a  long  llexible 
tracheotomy  tube  must  be  in- 
troduced, or.  if  this  is  not  at 
hand,  a  flexible  catheter. 

Goiter,  struma,  or  broncho- 
cele  is  a  hyperplasia  of  the 
thyroid  gland  not  of  infectious 
or  neoplastic  origin.  The  dis- 
ease may  involve  any  part  or 
all  of  the  gland,  but  is  most 
common  in  the  right  lobe,  and 
occurs  more  frequently  in 
females,  usually  after  the  tenth  year.  The  cause  is  not  known.  The 
theory  that  it  is  due  to  magnesium  or  calcium  salts  or  some  other 
substance  in  the  drinking  water  probably  has  the  most  advocates. 
It  occurs  sporadically  in  all  parts  of  the  world,  and  is  endemic  in 
Central  Asia.  Switzerlaml  and  the  contiguous  portions  of  France, 
Italy,  Austria,  and  (Jermany;  in  England  it  has  been  called  Derby- 
shire neck  owing  to  its  prevalence  in  that  locality;  in  this  country 
it  is  most  common  in  certain  parts  of  Michigan  and  in  the  mount- 
ainous regions  of  Pennsylvania. 

The  varieties  of  goiter  are:  i.  The  paretKkymaious,  in  which  the 
whole  gland  is  involved,  although  one  lobe  may  be  larger  than  the 
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Jthcr.  The  swelling  is  soft,  elastic,  and  painless.  When  there  is 
in  excessive  development  of  the  stroma,  the  gland  is  harder  and 
perhaps  lobulated  {fibrous  goiter) ;  when  the  connective  tissue  is  small 
in  amoimt  and  the  acini  are  distended  with  colloid  material,  the 
^land  is  softer  {JolUcular  or  colloid  goiter) .  Cystic  goiter  is  due  to 
the  confluence  of  the  acini.  The  cysts  may  be  single,  or  multiple, 
vary  greatly  in  size,  and  contain  a  colloid  or  serous  material,  which 
may  be  brown  or  black  from  the  presence  of  altered  blood.  In- 
tracystic  papillomata  are  sometimes  found.  3.  Adenomatous 
loiter  (Fig,  286)  resembles  an  adenoma  in  structure;  it  may  develop 
in  one  portion  of  a  normal  gland  and  subsequently  involve  the 
whole  thyroid,  nr  it  may  be  a  secondary  change  in  a  parenchymatous 
goiter,  and  not  infrequently  it  is  followed  by  the  formation  of  cysts. 
A  sharp  distinction  cannot  be  made  between  adenomatous  goiter 
and  adenoma  of  the  thyroid. 
4.  Exophthalmic  goiter  is  des- 
cribed below.  In  any  of  these 
varieties  certain  secondary 
changes  may  occur,  e.g.,  in- 
flammation, abscess,  hemor- 
rhage into  the  gland,  calcifica- 
tion, or  malignant  disease,  and 
in  any  there  may  be  enlarge- 
ment of  the  thymus  gland. 
Carinoma  occurs  most  fre- 
quently in  the  adenomas,  and  '''*^'  '.^e.-Adenomatous  goiter. 
is  to  be  suspected  when  a  nodular  goiter  rapidly  increases  in  size. 
The  ezopthalmic  type  rarely  shows  malignant  change.  Simmons 
found  thymic  hyperplasia  in  less  than  one-half  of  the  cases  of  ordi- 
nary goiter,  and  in  three-fourths  of  the  cases  of  exophthalmic  goiter. 
Kocher  states,  however,  that  in  5740  operations  for  ordinary  goiter 
he  saw  not  one  thymic  hyperplasia,  and  not  one  patient  died  from 
status  lymphaticus. 

The  synqttoms  are  (i)  the  presence  of  a  tumor,  (3)  evidences  of 
pressure  and  (3)  signs  of  excess  or  deficiency  of  the  thyroid  secretion. 
I.  The  tumor  in  horseshoe-shaped  or  oval,  varies  greatly  in  size, 
sometimes  being  as  large  as  a  man's  head,  develops  insidiously, 
rises  and  falls  during  swallowing,  is  painless,  and,  excepting  the 
trachea,  is  not  adherent  to  the  surrounding  tissues.  Inflamed, 
malignant,  and  very  large  goiter,  however,  may  not  move  with 
deglutition,  and  other  cervical  swellings,  e.g.,  thyroglossal  cysts, 
subhyoid   bursa-,    and   abscesses,    lymph   glands,   and   malignant 
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growths  that  are  adherent  to  the  larynx,  trachea,  or  esophagus,  may 
move  with  deglutition.  2.  The  pressure  symptoms  depend  upon 
the  situation  of  the  growth,  thus  a  retrosternal  goiter  quickly 
produces  symptoms,  and  they  may  be  absent  in  even  the  largest 
goiters.  The  larynx  and  trachea  may  be  pushed  from  the  middle 
line,  or  the  latter  may  be  flattened  from  side  to  side,  causing  dyspnea 
and  cough  if  both  lobes  are  equally  enlarged.  Pressure  on  the 
esophagus  causes  dysphagia;  on  the  vessels  of  the  neck  headache, 
flushing  ot  the  face,  and  epistaxis;  on  the  recurrent  laryngeal  nerve 
alteration  in  the  voice  or,  if  both  are  involved,  bilateral  paralysis  of 
the  muscles  of  the  larynx  and  death  (Mayo  states  that  in  one  fifth  of 
all  cases  of  goitre  there  is  paresis  or  paralysis  of  one  or  both  cords); 
on  the  pneumogastric  alteration  of  the  heart's  action;  and  on  the 
sympathetic  dilatation  of  the  pupil,  etc.  (chap.  xvii).  3.  Signs 
of  excess  or  deficiency  of  the  thyroid  secretion  also  may  be  encountered; 
the  former  are  given  under  exophthalmic  goiter,  the  latter  under 
absence  of  the  thyroid. 

The  treatment  in  the  early  stages  may  be  medical,  viz.,  iodid  of 
potassium  internally,  and  red  oxid  of  mercury  ointment  or  iodin 
locally.     Thyroid  extract  is  of  value,  particularly  if  there  are  any 
signs   of   myxedema.     Electrolysis   and   radiotherapy   have  tem- 
porarily benefited  a  few  cases.     Medical  treatment  is  of  most  value 
in  parenchymatous  goiter.     If  the  goiter  increases  in  size  or  there    ' 
are  pressure  symptoms,  operation  is  indicated.    Before  operation 
the  larynx  should  be  examined,  to  determine  the  condition  of  the 
vocal  cords,  and  if  there  is  any  suspicion  of  an  intrathoracic  growth 
or  if  one  is  not  sure  of  the  position  of  the  trachea  a  skiagram  should 
be  made.    Ligation  of  the  thyroid  arteries,  and  exothyreopexy,  ic-? 
drawing  the  th>Toid  into  a  wound  in  the  neck  so  that  it  may  atrophy, 
have  been  employed,  while  as  a  palliative  or  emergency  operation 
in  cases  of  severe  dyspnea,  the  ribbon  muscles  of  the  neck  or  the 
isthmus  of  the  gland  have  been  divided.     The  usual  operations  dX^ 
intraglandular  enidceatio^i ,  which  is  indicated  in  a  localized  adenonti^ 
or  a  single  cyst,  or  in  a  small  collection  of  cysts,  and  partial  excisiof^' 
or  thyroidectomy y  which  is  indicated  in  all  other  varieties,  care  bein^ 
taken  to  leave  at  least  one-fourth  of  the  gland  in  order  to  preven* 
myxedema.    Local  anesthesia  is  strongly  recommended  by  many 
surgeons,  in  order  to  prevent  the  congestion  of  the  neck  incident  t^ 
ether  and  chloroform,  to  avoid  postoperative  vomiting,  which  may 
start  bleeding,  and  in  order  to  have  the  patient  speak  during  th^ 
oi>eration,  so  that  the  surgeon  may  know  when  he  is  in  the  vicinity 
of  the  recurrent  laryngeal  jierve.    We  prefer  ether,  administerec^ 
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jy  intratracheal  insuflSation.  The  operative  field  is  made  prominent 
3y  placing  a  sand  pillow  under  the  neck,  and,  in  order  to  lessen 
>leeding,  the  upper  portion  of  the  body  is  elevated  (reversed  Tren- 
lelenburg  posture). 

Intraglandular  ^ucleation  is  performed  by  exposing  the  gland 
)y  a  transverse  or  oblique  incision,  incising  the  gland  down  to  the 
umor,  and  shelling  out  the  tumor  with  the  fingers  or  a  director; 
he  wound  is  then  quickly  packed  with  gauze  because  of  the  free 
>leeding,  and  as  the  gauze  is  gradually  removed,  the  bleeding 
>oints  are  ligated  or  surrounded  by  sutures.  The  cavity  is  closed 
)y  catgut  sutures  and  the  skin  approximated,  leaving  space  for  a 
;auze  drain  for  twenty-four  hours. 

Partial  th]rroidectomy  usually  means  removal  of  one  lobe.    A 

iirved  transverse  incision,  with  the  concavity  upwards,  is  made 

rvcr  the  tumor  from  the  outer  border  of  one  sternomastoid  to  beyond 

he  middle  line,  the  skin  and  platysma  divided,  the  ribbon  muscles 

ieparated  in  the  median  line  or  divided  transversely,  and  the  fibrous 

:apsule  opened.     The  fibrous,  or  surgical  capsule,  lines  the  cavity  in 

vdiich  the  thyroid  lies,  and  is  separated  from  the  true,  or  glandular 

capsule,  by  loose  areolar  tissue.     All  bleeding  is  checked,  the  lobe 

dislocated  from  its  fibrous  envelope,  the  superior  thyroid  vessels 

divided    between   two   ligatures,  and  the  inferior  thyroid  vessels 

tied  close  to  the  gland  in  order  to  avoid  the  recurrent  laryngeal  nerve. 

The  thyroid ea  ima  if  present  also  is  tied.     The  parathyroids  are 

avoided  by  tying  all  vessels  close  to  the  true  capsule,  or,  as  suggested 

I>y  Mayo,  leaving  that  portion  which  covers  the  posterior  surface 

^  the  gland.     The  isthmus  of  the  gland  is  crushed  with  strong 

forceps  and  ligated  in  sections,  or  it  may  be  divided  and  the  bleeding 

strolled    with    sutures.    Any   attachments    to   the   cricoid    are 

^paratcd,  or  perhaps  better,  a  thin  slice  of  the  gland  is  left  in  place 

ni  Uus  situation  to  avoid  injury  to  the  recurrent  laryngeal  nerve. 

The  wound  is  irrigated  with  salt  solution,  the  remaining  portions  of 

^  giand  should  be  oversewn  with  catgut  to  further  insure  hem- 

^^Usis.  and  closed  after  suturing  the  divided  muscles,  a  small  space 

Wng  left  for  drainage  with  silk  worm  gut  strands  for  twenty-four 

"Oiits.    The   normal   anatomy   is   necessarily   disturbed   in   large 

P^'^ths;  thus  the  jugular  vein,  which  has  branches  coming  from 

"Stumor,  moves  forward  with  the  growth,  while  the  artery,  which 

"^  no  such  connections,  is  pushed  backwards  and  outwards  and  may 

^  external  to  the  vein.     The  tracheal  rings  may  be  absorbed  or 

^'^^^oed,  hence  more  easily  injured;  in  some  cases  the  trachea 

^^''■Pfies  as  soon  as  the  support  of  the  tumor  is  removed,  the  patient 


582  MANUAL   OF   SURGERY 

dying  of  asphyxia  unless  a  tube  is  inserted.  Sudden  death  may 
occur  also  from  reflex  inhibition  of  the  heart,  the  status  lymphaticus 
or  from  the  absorption  of  thyroid  secretion  from  the  wound.  It 
is  necessary  to  gently  handle  the  gland  to  avoid  squeezing  its  toxic 
secretion  into  the  circulation.  In  other  cases  thjrroid  intoxication 
will  cause  high  fever,  rapid  pulse,  and  dyspnea  subsequently  to 
operation.  If  too  much  of  the  gland  is  removed,  myxedema  may 
follow;  and  if  the  parathyroids  are  excised  tetany  develops. 
Kocher  's  mortality  in  over  5000  cases  is  less  than  i  per  cent. 

Exophthalmic  goiter  {Graves^  disease,  Basedow^ s  disease)  is  of 
unknown  origin.     Ninety  per  cent,  of  the  cases  are  females,  gen- 
erally between  the  ages  of  fifteen  and  thirty.     It  may  follow  severe 
emotional  storms,  overwork,  worry,  pregnancy,  or  ordinary  goiter 
{Basedowified  goiter).     Microscopic  examination  shows  a  marked 
increase  in  the  epithelial  elements  and  little  or  no  colloid  material. 
Judging  from  the  results  of  operative  treatment  the  clinical  pheno- 
mena are  due  to  derangement  of  the  sympathetic  nervous  system, 
in  consequence  of  excessive  thyroid  secretion,  or  of  some  toxin  in 
the   blood   which,   under   normal   conditions,   the   thjrroid  gland 
destroys.     Thus  the  exophthalmos,  long  thought  to  be  due  to  an 
increase  in  the  orbital  fat,  is,  according  to  Landstrom,  the  result 
of  stimulation  of  the  cervical  sympathetic,  which  presides  over 
Miiller's  muscle,  and  a  film  of  muscular  tissue  passing  around  the 
eyeball  from  the  fascia  behind  to  the  lids  and  anterior  orbital  fascia. 
These  muscular  fibres  pull  the  eye  forwards  and  the  lids  backwards, 
serving  normally  to  antagonize  the  four  orbital  muscles,  which 
tend  to  draw  the  eye  backwards.     Recent  investigations,  however? 
seem  to  indicate  that  Graves'  disease  is  only  one  of  the  numerous 
manifestations    of   incoordination    between    the   various    ductless 
glands.     Of  particular  interest  at  the  present  time  is  the  relationship 
between  gOiter  and  hyperplasia  of  the  thymus.     "No  Basedo*^' 
without  thymus''  is  the  opinion  of  Klose.     Kocher  says  that  i^ 
61.2  per  cent,  of  the  cases  of  exopthalmic  goiter  coming  to  autop^5' 
there  is  some  increase  in  the  parenchyma  of  the  thjrmus,  but  th^^ 
clinically  only  30  per  cent,  show  enlargement,  the  greatest  numb^^ 
being  in  the  first  two  decades,  while  exophthalmic  goiter  is  mo^^ 
frequent  in  the  second  and  the  tliird  decades.    The  cardinal  sytf^" 
ptoms  are  the  presence  of  a  goiter y  in  the  capsule  of  which  are  nume^' 
ous  large  vessels,  hence  pulsation,  thrill,  and  bruit  are  commonl^'^ 
found;  exophthalmos ^  causing  a  widening  of  the  palpebral  fissuiT^ 
with  frequent  and  incomplete  winking  (Stellwag's  sign)»  retardatic^* 
of  the  movement  of  the  upper  lid  when  the  eyeball  is  rotated  dow**-'* 
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wards  (von  Graefe's  sign),  and  inability  to  maintain  the  eyes  in 
convergence  (Mtebius^s  sign);  tachycardia,  often  with  palpitation 
and  dyspnea;  and  a  fine  tremor.  In  the  later  stages  the  cardiac 
muscle  degenerates  and  permanent  dilatation  ensues  (goiter  heart). 
Sometimes  scleroderma  or  symmetrical  lipomata  develop,  and 
many  cases  terminate  in  myxedema.  Numerous  other  symptoms 
referable  to  the  nervous  system,  the  cardio-vascular  apparatus,  the 
gastrointestinal  tract,  or  the  anemia,  are  described,  e.g.,  irritability, 
attacks  of  mania,  prostration,  flushing  of  the  face,  excessive  sweating, 
throbbing  of  the  arteries,  capillary  pulse,  indigestion,  diarrhea, 
glycosuria.  Kocher  says  there  is  leukopenia,  particularly  of  the 
polymorphonuclears,  lymphocytosis,  and  diminution  in  the  coagu- 
lability of  the  blood.  Halstead  ascribes  the  lymphocytosis  to  the 
thymic  hyperplasia.  The  diagnosis  is  never  difficult,  except  in 
the  farm  fruste,  in  which  the  goiter  or  the  exophthalmos,  or  both, 
may  be  absent.  Many  of  these  cases  are  incorrectly  diagnosticated 
hjrsteria  or  neurasthenia. 

The  treatment  in  the  beginning  is  medical.  Absolute  rest,  cardiac 
sedatives,  an  ice  bag  to  the  heart,  ergot,  belladonna,  phosphate  of 
soda,  and  extract  of  the  thymus,  pituitary,  spleen,  pancreas,  or 
suprarenals  are  recommended.  Thymus  therapy  benefits  50  per 
cent,  of  the  patients,  causes  an  increase  in  the  cardiac  symptoms  in 
10  per  cent.  (Kocher).  Electrolysis  and  the  radiotherapy  have 
been  employed.  Recently  encouraging  result  have  been  obtained 
with  a  serum  obtained  from  animals  injected  with  increasing  doses 
of  human  thyroid  extract.  Iodides,  thyroid  extract,  and  the  in- 
jection  of  various  medicaments  into  the  gland  are  contraindicated. 
As  soon  as  medical  treatment  has  failed,  i.e.,  after  a  few  months, 
operation  should  be  proposed  before  the  condition  of  the  patient 
1^  markedly  deteriorated.  Ligation  of  the  thyroid  vessels  (usually 
the  superior  including  the  upper  pole  of  the  gland)  may  be  indicated 
^  niild  cases,  as  a  preliminary  operation  to  thyroidectomy  in  severe 
^^ses,  and  as  an  auxiliary  procedure  to  excision  of  one  lobe,  the 
^'cssels  of  the  other  lobe  being  tied.  Partial  thyroidectomy  is  the 
^P^ation  of  choice.  The  average  results  are  ^^71  per  cent,  cured; 
9'^  per  cent,  improved;  6.4  per  cent,  unimproved,  failures,  lost  sight 
^*)  or  partly  benefited;  and  12.6  per  cent,  died  (Hartley). 
*^^her's  mortality  in  535  cases  is  3.1  per  cent,  but  he  refuses  to 
^^ate  upon  "bad  risks."  The  dangers  have  been  mentioned 
^er  partial  thyroidectomy.  Improvement  is  immediate,  but  the 
^opthalmos  may  persist  for  months,  and  recurrences  have  been 
^^ced  in  a  few  instances.    Bilateral  resection  of  the  cervical  synh 
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pathetic  ganglia  (see  cervical  sympathetic  nerves,  chapter  x\Ti, 
page  256  gives  less  favorable  statistics,  but  may  be  indicated  in 
Graves'  disease  without  goiter,  or  combined  with  thyroidectomy, 
in  cases  in  which  the  ophthalmic  symptoms  predominate.  Thymtc- 
tomy,  without  removal  of  the  thyroid,  has  been  performed  for 
Graves^  disease  by  a  few  surgeons.  The  thymus  should  certainly 
be  sought  during  thyroidectomy,  and  if  enlarged  removed.  The 
other  operations  mentioned  under  the  treatment  of  goiter  also  have 
been  employed  for  Graves '  disease. 

The  thymus  gland  usually  begins  to  shrink  at  the  end  of  the 
second  year  and  at  the  time  of  puberty  can  no  longer  be  foimd. 
When  it  persists  and  enlarges  pressure  may  be  exerted  on  the  trachea, 
the  great  blood  vessels,  or  on  the  left  pneumogastric  or  its  recurrent 
branch.  Hyperplasia,  or  hypertrophy,  as  it  is  sometimes  called, 
may  be  an  independent  affection,  rarely  occurring  except  in  infants, 
or  it  may  be  associated  with  leukemia,  Hodgkin's  disease,  ordinary 
goiter,  exophthalmic  goiter,  or  the  status  lymphaticus.  Clinically 
the  pressure  effects  are  continuous  or  intermittent. 

In  the  continuous  form  {thymic  stenosis  of  the  trachea)  there  is 
progressive  dyspnea,  with  stridor  and  crises  of  suffocation.  The 
dyspnea  is  chiefly  expiratory,  as  the  gland  is  drawn  down  into  the 
mediastinum  during  inspiration,  thus  freeing  the  air  passages 
The  diagnosis  is  made  by  feeling  a  tumor  mounting  in  the  epistemal 
notch  during  expiration  and  disappearing  during  inspiration,  by 
dulness  on  percussion  over  the  manubrium,  by  the  associated 
lymphocytosis,  and  by  the  X-ray,  all  of  which  signs,  however,  may 
be  present  when  the  trouble  is  due  to  enlarged  mediastinal  lymph 
glands.  In  one  case  of  enlarged  thymus  Jackson  demonstrated  the 
stenosis  by  bronchoscopy. 

In  the  intermittent  form  {thymic  asthma)  the  attack  appears 
suddenly,  possibly  as  the  result  of  extension  of  the  head  or  venous 
engorgement  of  the  gland.  Death  occurs  within  a  few  minutes,  or 
the  infant  recovers,  only  to  suffer  from  subsequent  paroxysms 
which  become  more  and  more  frequent. 

The  treatment  of  thymic  stenosis  of  the  trachea  and  thymic 
asthma  is  exothymopexy  (i.e.,  drawing  the  gland  up  over  the  stemuna 
and  securing  it  with  sutures)  or,  better,  subcapsular  enucleation.* 
after  making  a  median  incision  just  above  the  manubrium.    Oliviex 
(1912)   has  collected  42   cases  ot  thymectomy,  with  15  death.s- 
Radiotherapy  may  possibly  be  of  service  in  cases  not  suited  f^>^ 
operation. 

The  carotid  gland  or  body,  when  present,  is  attached  to  ti^^ 
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rotid  sheath  at  or  near  the  bifurcation  of  the  artery.  It  is  about 
e  size  of  a  grain  of  corn  and  is  composed  chiefly  of  endothelial 
lis.  Its  nature  is  unknown.  Callison  and  Mackenty  have 
Uected  sixty  endothelioma! a  or  peritheliomata  arising  from  this 
ind.  These  "potato  tumors  of  the  neck*'  are  located  at  the 
furcation  of  the  carotid  under  the  sternomastoid,  are  slightly 
3vable  transversely  but  not  vertically,  transmit  pulsation,  thrill 
d  bruit  from  the  carotid  artery,  and  often  exist  for  a  number  of 
ars  before  taking  on  malignant  features,  when  there  is  involvement 
the  vagus  (with  its  recurrent  branch)  and  of  other  nerves. 
irotid  tumors  should  be  extirpated,  an  operation  which  will 
metimes  necessitate  excision  of  the  carotid  artery.  Of  fifty-four 
tients  operated  upon,  twelve  died;  recurrence  occurred  in  eight. 


CHAPTER  XXrV 


RESPIRATORY  SYSTEM 

THE  NOSE 

Rhmosclennna  is  a  very  rare  infectious  disease  due  to  the  bacillus 
of  rhinoscleroma.  A  number  of  hard  nodules,  or  a  stiff  infiltration, 
forms  about  the  nostrils  and  sometimes  about  the  lips,  or  in  the 
mucous  membrane  of  the  mouth,'  pharynx,  or  larynx.  The  disease 
is  painless,  may  last  for  years,  and  ultimately  leads  to  stenosis.  In 
the  early  stages  recovery  may  follow  excision.  Later,  treatment  is 
futile. 

Rhinophyina  is  a  hypertrophic  form  of  acne  rosacea  in  which  red 
greasy  masses  form  on  the  lower  end  of  the 
nose,  producing  a  deformity  which  has  been 
called  hammer  nose  (Fig.  287).  It  may  be 
treated  by  excision  with  subsequent  skin 
grafting. 

Deformities  of  the  nose  may  be  congenital, 
or  result  from  injury,  destructive  diseases,  or 
operations,  e.g.,  for  the  removal  of  malignant 
disease.  AH  operative  efforts  to  rebuild  a  de- 
formed nose  are  included  under  the  term  rkino- 
plasly,  which  may  be  partial  or  complete,  ac- 
cording to  its  extent. 

Deformity  of  the  Roman  nose  type  is  corrected  by  making  a 
small  longitudinal  incision  in  the  middle  line  of  the  nose,  and  remov- 
ing the  redundant  tissue  with  a  chisel,  if  bone,  or  a  knife,  if  cartilage. 
The  wound  is  then  sutured.  Expansion  of  the  bridge,  or  frog  nose, 
is  commonly  caused  by  intranasal  growths,  and  the  treatment  is 
directed  to  the  cause.  A  tuberous  nose  is  treated  by  removing  a 
wedge-shaped  section. 

Clefts  of  the  nose  are  remedied  by  sutures  after  freshing  the 
edges.  Figs.  290  to  293  also  illustrate  the  repair  of  a  lateral  defect. 
Figs.  294  to  299  illustrate  methods  of  constructing  a  columna  nasi. 
The  necessary  rigidity  can  be  obtained  by  implanting  a  piece  of 
cartilage  or  bone.  Saddle  nose  may  be  caused  by  injury,  but  is 
most  frequently  the  result  of  syphilitic  ulceration  of  the  septum. 
586 
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trious  more  or  less  unsatisfactory  procedures  have  been  devised 
r  this  deformity.    Artificial  bridges  of  celluloid,  rubber,  silver, 


Fics,  a88  and  189. — Operati 


(Esmarch  and  Kowaliig.) 


id,  etc.,  or  a  free  transplant  of  bone  (rib,  anterior  surface  of  the 
ia),  costal  cartilage,  or  fat  may  be  inserted  beneath  the  skin 


1.  ago  to  19J. — Operati 


Pic.  393. 
(Esmatcb  and  Kowalzis.) 


rough  an  external  incision  or  from  within  the  nose.     In  some 
ses  the  nasal  bones  have  been  broken  or  chiseled  from  their 


.*    * 


ic.  294. 

Fig.  105. 

Fig.  21.6. 

196.— Meth<>d9  of  coi 

waliig.) 

columna  1 

laKi.     (Esmarch  and  Ko- 

:tachments,  and  held  in  an  ele^'ated  position  by  a  spectacle  clip,  or 
y  pins  inserted  beneath  them.  A  transverse  incision  may  be  made 
Ones  the  sunken  pajt  of  the  nose,  thus  allowing  the  tip  to  be 
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liullwl  ilovvn.  rill'  resulting  gap  is  clostd  by  a  flap  turned  inward 
from  (.'iicli  chitk,  tho  skin  surface  facing  the  nasal  cavity.  A  flap 
from  the  fi)rchca<l  is  lirought  down  lo  cover  the  raw  surfaces  of  tiic 
chi'i'k  llajjs,  and  the  wounds  in  the  f<irehead  and  cheeks  sutured. 
The  subcutanuous  injection  of  sterile  paraffin  has  been  used  with 
some  success  in  this  deformity.     The  skin  of  the  nose  should  be 


loose,  and  ihe  nu-ltinj;  point  of  the  paraffin  (mixed  with  liquid 
(laraffin  or  vaselin)  above  ri5°F.  The  paraffin  is  melted,  injected 
by  a  screw  piston  syringe  in  a  semi-solid  state,  and  molded  with  the 
lingers.  The  conii)!ications  are  abscess,  glazing  and  thickening  of 
skin,  diffusion,  and  embolism. 


Absence  of  the  nose  is  rarely  con^ienilal:  it  may  result  from  trau- 
matism, burns  or  gangrene  from  freezing,  but  is  most  frequently  due 
to  disease,  e.g..  syphilis,  lupus,  and  malignant  growths.  Various 
methods  of  complete  rhinoplasty  have  been  used  with  more  or  less 
satisfaction.     When  an  operation  fur  the  re]>roduction  of  the  nose  is 
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■(i  inadvisable,  an  artificial  nose  held  in  place  by  spectacle 
nay  Ik;  worn.     The  Ttidian  method  for  complete  rhinojjlasty 


300,  301)  consists  in  sujiplying  the  (icfeit  by  a  flap  from  the 
ad.     Gilles  has  mudit'ieil  thi;  methoil  by  ihr  use  af  cartilage 


MANUAL   OF   SlHl'.ERY 


grafts  to  form  alse  and  columna  nasi.     (Fig.  30J  and  303.)    .\ 
plaster  cast  of  the  face  is  taken  and  a  model  of  the  mis<:iDg  part 


made  on  the  cast  witli  plastacine.     On  this  completed  model,  the 
necessary  cartilage  supports  are  outlined,  the  skin  flaps  measured 
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and  cut  out  of  wash  leather,  and  from  these  tin  foil  patterns  are 
made,  which  permit  of  sterilization.  A  piece  of  cartilage  is  removed 
from  the  ribs,  shaped  according  to  the  patterns  obtained  from  the 
mcMiel  and  embedded,  under  the  skin  of  the  forehead  if  the  bridge 
is  lacking,  under  the  skin  covering  the  bridge  if  this  has  not  been 
destroyed  and  in  the  proper  positions  under  the  skin  of  the  cheek 
for  the  formation  of  the  alae  when  turned  hinge  fashion  to  meet  the 
tip  of  the  septal  transplant.  The  second  stage,  after  the  transplants 
have  become  fixed,  consists  in  turning  down,  hinge  wise,  the  septal 
graft  and  turning  up,  the  alar  graft  to  meet  at  a  point  which  will 
be  the  tip  of  the  new  nose.  From  the  tin  foil  patterns  the  pedicled 
forehead  skin  flap  is  outlined  (which  should  contain  a  branch  of 
the  supra  orbital  or  supra  temporal  arteries),  reflected  downward 


**»&  ja4. — ItaKan  method  of  rhinoplasty.    Fm.  305. — Pru'nch  melhoil  nf  rhinr.plasly, 
(Monod  *nd  Vanverts.)  (Monod  and  Vanvcrts.) 

and  accurately  sutured  in  place.     When  a  long  pedicle  is  necessary. 

Its  din  edges,  at  the  bridge,  are  approximated  nith  sutures,  thus 

^onuing  a  tube  of  skin  and  obliterating  the  raw  granulating  surface 

oxi  the  under  side  of  the  pedicle,  and  diminishing  the  pos.sibilities  of 

^*ifection.    When  the  pedicle  is  cut  in  2-3  weeks,  it  is  reopene<l  and 

^'^irfaced  in  the  defect  in  the  forehead.     (Fig.  303.)     The  Italian  and 

French  methods  do  not  give  an  epithelial  lining  to  the  nose.     In  the 

UalioH  method  the  flap  is  taken  from  the  arm  (Fig.  304),  which  must 

W  fixed  by  a  suitable  apparatus  until  union  has  occurred ;  the  pedicle 

is  then  divided,  and  the  ala;  and  septum  formed  from  the  lower 

portion  of  the  flap.    This  method  may  be  varied  by  taking  a  flap 

irom  the  palm,  a  flap  consisting  of  soft  parts  and  a  piece  of  the  ulna 

from  the  inner  side  of  the  forearm,  or  a  flap  containing  a  previously 


5Q2  MANUAL   OF   SURGERY 

transplanted  segment  of  bone  or  cartilage.  In  the  French  method 
(Fig.  305)  the  flaps  are  formed  from  the  cheeks.  Several  successful 
attempts  have  been  made  to  replace  the  bony  framework  of  the 
nose  by  suturing  the  freshened  end  of  a  finger  into  the  upi)er  angle 
of  the  nasal  defect,  and  when  union  has  occurred,  amputating  the 
finger.     The  proximal  phalanx  is  flexed  to  form  the  columna  nasi. 

Crooked  nose  may  be  congenital  or  traumatic,  and  is  usually 
associated  with  flexion  of  the  septum,  the  correction  of  whicji  may 
straighten  the  nose.  When  the  nasal  bones  themselves  are  deformed, 
they  may  be  molded  into  shape  after  separating  their  attachments 
with  a  chisel,  through  a  small  incision  at  the  root  of  the  nose. 

Deviatioii  of  the  septum  may  be  caused  by  injury  or  be  the  result 
of  defective  development.     The  deflection  may  be  vertical,  horizontal, 
or  oblique,  bowed  or  angular  and  the  septum  may  or  may  not  be 
thickened.     A  sigmoid  de\'iation  is  a  double  curve,  one  projecting 
into  each  nostril.     The  cartilaginous  septum  is  the  portion  usually 
involved.     The  condition  is  ver>'  common,  but  in  the  slighter  forms 
gives  no  trouble.     In  more  marked  cases  there  may  be  stenosis  of 
one  nostril,  and  various  reflex  troubles,  such  as  are  to  be  mentioned 
under  polyps.     In  the  presence  of  direct  or  reflex  troubles  treatment 
will  be  required.     When  there  is  marked  thickening,  or  the  develop- 
ment of  cartilaginous  or  bony  spurs  of  the  septum,  these  should  be 
removed  with  knife  or  saw,  and  perhaps  no  further  treatment  will  be 
neeiled.     Warping  of  the  cartilage  itself  is  corrected  by  incisions 
along  the  lines  of  deviation,  in  order  to  lessen  the  resiliency  of  the 
septum.     These  incisions  may  be  made  by  introducing  a  sharp  knife 
beneath  the  mucous  membrane,  or  by  special  knives  or  puaches, 
after  which  it  may  be  possible  to  correct  the  deformity  with  the 

• 

fingers.     In  other  cases  septal  forceps  are  introduced,  one  blade  i^ 
each  nostril,  and  the  cartilage  broken  from  its  attachments  at^^ 
straightened.     It  is  held  in  a  corrected  position  by  nasal  tampons  ^^ 
gauze,  or  by  rubber  or  metal  splints.    The  tampons  are  remov^ 
and  the  nose  cleanscil  dailv  until  union  has  occurred.     Roberts  u5^^ 
long  pins  such  as  have  been  described  under  fracture  of  the  nose. 

Epistaxis,  or  bleeding  from  the  nose,  may  be  traumatic,  e.g" 
from  blows,  fracture  of  the  skull,  picking  the  nose,  foreign  bodied' 
etc.,  or  it  may  be  spontaneous,  e.g.,  from  plethora,  ulcers,  tumor^^ 
rarefied  air,  vicarious  menstruation,  varicose  veins,  cardiac  or  pul" 
monary  disease,  acute  diseases  (notably  typhoid),  and  diseases  iX^ 
which  there  is  a  tendency  to  hemorrhage  (hemophilia,  scurvy,  pur^ 
pura,  etc.). 

The  treatment  is  removal  of  the  cause  if  possible.    When  depend^ 
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ng  upon  an  intracranial  congestion  epistaxis  may  be  beneficial,  and 
hould  be  stopped  only  when  it  becomes  excessive.  The  head  should 
•e  elevated,  constrictions  about  the  neck  and  chest  removed,  and 
•lo^ng  the  nose  forbidden.  Compression  of  the  nostrils  will  check 
he  bleeding  if  it  be  well  forward.  When  further  back,  the  bleeding 
oint  may  be  detected  with  the  speculum  and  head  mirror,  and 
ouched  with  the  galvanocautery,  or  a  swab  soaked  in  chromic  acid 
olution.  Sprays  or  douches  of  ice  water,  adrenalin  solution, 
r  antipyrin,  5-ro  per  cent.,  are  sometimes  efficient  and  do  not 
ossess  the  disagreeable  features  of  other  styptics.  In  serious  cases, 
owever,  the  nostrils  should  be  at  once  plugged  with  gauze  moistened 
rith  adrenalin.  If  the  bleeding  comes  from  the  anterior  portion  of 
be  nasal  passages,  it  may  be  controlled  by  packing  through  the 


Pio.  306. — The  Bellocq  eannuU,  A  concealed  watch  sprina  with  a  ring  at  the  end 
■bough  which  the  lillc  is  pused.  is  made  to  curl  forward  into  the  mouth  after  the 
wnnnU  it  in  podtion.     <Heath.) 

wtetior  nares.  In  other  cases  it  will  be  necessary  to  plug  the  posterior 
"^tts  in  addition.  A  soft  catheter  with  a  long  piece  of  silk  passed 
'"TOugh  the  eye  is  pushed  along  the  floor  of  the  nose  until  it  reaches 
'ke  pharynx,  when  the  silk  is  grasped  with  forceps  and  the  catheter 
•ithdrawn,  so  that  the -silk  passes  in  through  the  nose  and  out 
"ttough  the  mouth.  Several  pieces  of  gauze,  gradually  increasing 
"•siie,  are  fastened  to  the  middle  of  the  silk,  which  is  then  drawn 
"ut  through  the  nose  while  the  finger  guides  the  tampons  up  behind 
tw  soft  palate.  The  ends  of  the  silk  are  now  tied  together  and  the 
Mterior  nostrils  plugged.  After  a  day  or  two  the  posterior  pack 
^y  be  removed  by  drawing  downward  on  the  string  through  the 
"wath,  and  the  nostrils  sprayed  with  a  mild  antiseptic  solution.  Fig. 
306  shows  a  Bdlocq  cannula,  which  may  be  used  to  pass  the  silk 
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through  the  nose.  An  easy  and  sometimes  efficient  method  for 
making  pressure  within  the  nostril  is  to  fasten  a  condom  over  a 
rubber  catheter,  and  when  this  has  been  inserted,to  inflate  the  condom 
and  tie  the  catheter. 

Foreign  bodies  in  the  nose  are  most  frequent  in  children,  in  whom 
a  unilateral  purulent  discharge  should  always  suggest  such  an 
accident.  Among  other  symptoms  are  pain,  epis taxis,  and  stenosis. 
Removal  may  be  effected  by  forceps,  hook,  loop,  or  snare.  The 
forcible  injection  of  water  into  the  opposite  nostril  is  not  recom- 
mended. An  incrustation  of  salts  about  a  foreign  body  or  particle 
of  mucus  is  called  a  rhinolith,  the  symptoms  and  treatment  of  which 
are  much  like  those  of  foreign  body.  Parasites y  e.g.,  maggots,  may 
be  removed  from  the  nasal  ca\nty  by  douching  with  equal  parts 
of  chloroform  and  water. 

Tumors  of  the  nasal  cavities  include  many  different  forms,  both 
benign  and  malignant,  but  a  sufficiently  clear  idea  of  their  beha\aor 
and  treatment  may  be  obtained  from  a  short  description  of  the  two 
common  varieties,  viz.,  mucous  and  fibrous  polypi. 

Mucous,  or  myxomatous  polypi,  most  frequently  arise  in  the 
neighborhood  of  the  middle  turbinate  bone,  often  as  the  result  of 
disease  of  the  accessory  sinuses.     Cystic,  adenomatous,  or  fibrous 
changes  may  occur.    They  are  movable,  almost  transparent,  and  of  a 
bluish  gray  color.     The  sjnnptoms  are  a  mucopurulent  discharge, 
nasal  obstruction,  and  sometimes  epistaxis.     Cough,  asthma,  head- 
ache, facial  neuralgia,  asthenopia,  anemiat,  possibly  epilepsy,  and 
other  reflex  symptoms  may  be  caused  by  poljrps.     They  shouW 
be  removed  by  seizing  the  growth  with  forceps,  and  twisting  tb^ 
pedicle  until  the  growth  is  loose,  or  by  a  wire  loop  or  6craseur,  witl^ 
which  the  pedicle  is  gradually  cut  through.     In  either  case  the  ba5^ 
should  be  cauterized  with  the  galvanocautery  or  some  chemic^-^ 
caustic. 

Fibrous  pol]^i  are  much  more  serious  than  mucous  polyps,  as  the>^ 
often  contain  sarcomatous  elements,  progress  steadily,  and  press  or^ 
adjacent   parts,    causing   exophthalmos,   disfigurement,   etc.    Th^ 
so-called  nasopharyngeal  polyp  is  always  a  fibrosarcoma.     Fibromata^ 
when  small  may  be  removed  with  the  snare,  but  such  is  always 
attended  with  some  risk  of  hemorrhage.     When  of  large  size  a  very 
formidable  operation  may  be  needed,  such  as  resection  of  the  upper 
jaw  (temporary  or  permanent)  or  removal  of  a  portion  of  the  roof  of 
the  mouth.     For  anterior  growths  sufficient  exposure  has  been 
obtained  by  incising  the  mucous  membrane  between  the  upper  lip 
and  the  jaw,  cutting  through  the  cartilages  of  the  nose,  and  tem- 
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IK>rarily  displacing  the  entire  nose  upwards.  Temporary  osteo- 
plastic resections  of  the  nose  are  made  also  by  an  external  incision. 
Synechia,  or  adhesion  between  the  intranasal  structures,  may  be 
congenital,  but  is  usually  the  result  of  previous  ulceration.  Adhe- 
sions are  most  frequent  in  narrow  noses,  and  interfere  with  respira- 
tion and  drainage.  They  are  treated  by  incision  or  excision,  the 
raw  surfaces  being  subsequently  separated  by  a  plug  of  rubber, 
metal,  or  cotton. 

Ozena  is  a  term  often  applied  to  any  fetid  discharge  from  the 
nose,  but  it  should  be  restricted  to  cases  of  chronic  atrophic  rhinitis, 
a  condition  in  which  the  nasal  fossae  are  roomy,  the  mucous  mem- 
brane atrophic  and  covered  with  scabs,  and  in  which  there  is  a  very 
objectionable  odor,  not  appreciated  by  the  patient.     The  reader  is 
referred  to  special  text-books  for  a  full  consideration  of  this  affection 
and  its  treatment.     Other  causes  of  a  foul  discharge  from  the  nose 
are  tumors,  foreign  bodies,  rhinoliths,  ulcers  (syphilitic,  tuberculous, 
malignant,  simple),  disease  of  the  accessory  sinuses,  and  necrosis  of 
bone.     A  unilateral  discharge  in  children  is  most  frequently  caused 
by  a  foreign  body,  and  in  adults  by  disease  of  the  accessory  sinuses. 
The  diagnosis  requires  thorough  cleansing  of  the  nose,  and  careful 
examination  of  its  interior  with  the  speculum  and  head  mirror.     The 
treatment  varies  widely  with  the  cause,  and  may  involve  removal  of 
necrotic  bone  or  cartilage. 

Post-nasal  adenoids  is  a  term  applied  to  hyperplasia  of  the 
pharyngeal  lymphoid  tissue,  or,  as  it  is  sometimes  called,  the  pharyn- 
geal or  Luschka's  tonsil,  which  is  analogous  to  the  faucial  and  lingual 
tonsils.  Adenoids  are  most  common  in  children  of  a  tuberculous 
tendency,  and  are  probably  the  result  of  repeated  catarrhal  inflam- 
'^ations.  The  symptoms  are  mouth  breathing,  change  in  the  voice, 
kcadache,   snoring  during   sleep,   narrowing  of  the  nostrils,  and 

• 

iiiterference  with  nasal  respiration.     The  child  has  a  stupid  look  and 

"^deed  the  mental  development  may  be  retarded.     There  may  be  a 

P^*nilent,  discharge,  occasionally  mixed  with  blood,  from  the  nose  or 

Pkarynx,  and  deafness  or  middle  ear  disease  may  follow.     The 

palate  is  often  high,  the  upper  incisor  teeth  prominent,  and  the 

c^tvical  glands  enlarged.     There  may  be  impairment  of  taste  and 

suiell,  and  later  in  life  deformity  of  the  chest,  the  ribs  being  sunken 

^  the  spine  kjrphotic  because  of  interference  with  deep  inspiration. 

Tke  diagnosis  is  made  by  posterior  rhinoscopy,  or  better,  in  young 

<^hikiren,  by  the  finger  passed  up  into  the  pharynx,  when  the  soft, 

easily  bleeding  mass  is  readily  detected. 

The  trealmeilt  in  practically  all  cases  is  removal  by  operation. 
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although  there  is  a  tendency  for  adenoids  to  decrease  in  size  or  dis- 
appear later  in  life.  The  patient  is  etherized  and  the  head  allowed 
to  hang  over  the  table.  Long  curved  forceps,  such  as  those  of 
Lowenberg,  are  passed  up  behind  the  soft  palate,  which  is  guarded 
with  the  left  index  finger,  and  the  greater  portion  of  the  mass  re- 
moved, care  being  taken  not  to  grasp  the  septum  or  include  the 
openings  of  the  Eustachian  tubes.  Any  fragments  which  remain 
may  be  removed  with  the  finger  nail  or  the  Gottstein  ciKcette.  Bleed- 
ing is  very  profuse  but  soon  ceases. 

AFFECTIONS  OF  THE  SINUSES 

Frontal  Sinuses.- — Fracture  of  the  anterior  wall  is  common  and 
may  lead  to  emphysema  of  the  face  and  scalp,  or  in  compound  cases 
to  necrosis  of  the  bone.  If  there  is  much  depression  the  bone  may 
be  elevated  to  prevent  deformity,  opportunity  being  afforded  at  the 
same  time  to  make  sure  that  the  posterior  wall  is  not  injured.  In 
rare  cases  a  fistula  through  which  air  passes  may  follow.  Reference 
has  already  been  made  to  pneumatocele  (chap.  xxi).  Foreign 
bodies  introduced  from  without,  or  insects  which  have  ascended 
from  the  nose,  may  cause  empyema  of  the  sinus. 

Inflammation  may  be  caused  by  injuries,  foreign  bodies,  disease  of 
adjacent  bones,  syphilis,  or  tuberculosis,  but  is  usually  secondary  to 
rhinitis.  In  acute  simple  cases  there  is  frontal  headache  which  sub- 
sides with  the  acute  rhinitis.  If  the  nasofrontal  duct  (infundibulum) 
becomes  blocked,  the  sinus  distends  with  mucus  {hydrops,  or  muco- 
cele) or  pus  (empyema) .  In  the  former  an  enlargement  in  the  region 
of  the  sinus  is  noticed,  with  egg-shell  crackling  in  the  later  stages 
owing  to  thinning  of  the  bone.  In  acute  empyema  there  may  be 
redness  and  edema  over  the  sinus  with  general  septic  symptoms. 
The  process  subsides  with  the  discharge  of  pus  from  the  nose,  or  it 
may  extend  and  involve  the  frontal  bone,  meninges,  brain,  or  intra- 
cranial venous  sinuses.  Chronic  empyema  is  characterized  by  pau^» 
tenderness,  bulging  of  the  sinus,  pus  and  polypoid  granulations  in  the 
anterior  part  of  the  middle  meatus,  and  sometimes  by  disturbances 
of  vision  and  exophthalmos.  The  X-ray  shows  the  sinus  to  be 
enlarged  and  opaque;  the  latter  sign  may  be  demonstrated  also 
by  transilliunination,  an  electric  lamp  being  held  in  the  angle  of  the 
orbit. 

The  treatment  of  acute  inflammation  is  that  of  the  accompanyii^ 
rhinitis.  If  suppuration  occurs,  the  sinus  should  be  opened  thiou^ 
an  incision  from  the  root  of  the  nose  outwards  through  the  eyebrow 


J 
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to  the  supraorbital  notch,  the  anterior  wall  being  perforated  with  a 
trephine  or  gouge  just  below  the  line  joining  the  two  supraorbital 
notches  and  a  little  away  from  the  median  line.  The  sinus  may  be 
curetted,  irrigated,  and  packed  with  gauze,  so  that  it  may  close  by 
granulations  and  shut  off  the  nasofrontal  duct,  or  it  may  be  neces- 
sary to  remove  the  entire  anterior  wall,  but  this  should  be  avoided 
whenever  possible,  owing  to  the  disfigurement.  Killian  removes  the 
anterior  waU  and  floor  of  the  sinus,  leaving  a  bridge  of  bone  at  the 
inner  angle  of  the  orbit  to  lessen  .deformity.  Some  surgeons  pu^h  a 
small  tube  into  the  nasofrontal  duct  in  order  to  drain  the  sinus  into 
the  nose,  and  then  close  the  skin  incision.  It  may  be  possible  for  a 
skilled  rhinologist  to  enter  the  infundibulum  from  the  nose  after 
removing  the  anterior  tip  of  th6  middle  turbinate,  but  the  duct 
cannot  be  enlarged  without  great  danger,  so  that,  although  catheteri- 
zation may  be  useful  from  a  diagnostic  standpoint,  it  should  not  be 
used  as  a  means  of  treatment. 

Tumors,  both  benign  and  malignant,  may  arise  in  the  frontal 
sinus.  When  of  large  size,  they  may  press  on  the  brain  or  on  the 
eye,  causing  blindness  and  displacement  of  the  eyeball.  They 
should  be  excised. 

Efhmoiditis  may  cause  pain  and  tenderness  at  the  root  of  the  nose, 
disturbance  of  vision,  mental  hebetude,  anosmia,  and  possibly 
cellulitis  of  the  orbit,  meningitis,  or  abscess  of  the  brain.  There  may 
be  a  continuous  discharge  of  pus  from  the  nose  and  polypi  in  the 
middle  meatus.  Probing  reveals  necrotic  bone  and  opacity  can  be 
demonstrated  by  the  X-ray.  The  treatment  is  excision  of  the  anterior 
end  of  the  middle  turbinate,  to  permit  drainage  and  removal  of  the 
ceUs  by  curettage.  The  best  way  to  reach  the  ethmoid  cells  by  an 
external  incision  is  through  the  inner  wall  of  the  orbit,  and  such  is 
particularly  indicated  if  the  pus  has  perforated  in  this  direction. 

The  sphenoidal  sinuses  open  at  the  junction  of  the  roof  of  the 
nose  with  the  wall  of  the  nasopharynx,  and  this  opening  may  be  en- 
larged in  a  downward  and  outward  direction  in  cases  of  sphenoidal 
empyema.  Sphenoidal  and  ethmoidal  disease  are  commonly  asso- 
ciated, and  may  cause  meningitis,  abscess  of  the  brain,  or  thrombosis 
of  the  cavernous  sinus.  Pus  flows  into  the  superior  meatus,  necrotic 
bone  may  be  detected  with  the  probe,  and  the  X-ray  shows  abnormal 
density.  The  sinus  may  be  opened  through  the  posterior  ethmoidal 
cells  after  the  removal  of  the  middle  turbinate,  through  the  orbit  and 
posterior- ethmoidal  cells,  or  through  the  antrum  of  Highmore  and 
posterior  ethmoidal  cells. 

Enqiyenia  of  the  antrum  of  Highmore  (the  maxillary  sinus)  is 
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most  frequently  due  to  carious  teeth,  but  may  result  also  from  infec- 
tion of  the  nasal  cavities,  or  from  the  entrance  into  its  opening  of  pus 
from  the  frontal  or  ethmoidal  sinuses.  Injury  is  responsible  for 
a  small  number  of  cases.  The  symptoms  are  pain,  tenderness,  edema 
of  the  cheek,  and  an  intermittent  unilateral  discharge  of  pus  from  the 
middle  meatus,  most  marked  when  the  diseased  side  is  upward  or 
when  the  patient  bends  forwards,  and  is  accompanied  by  marked  sub- 
jective fetor.  If  the  opening  into  the  middle  meatus  is  obstructed, 
the  cavity  becomes  distended,  causing  in  extreme  cases  stenosis  of 
the  nostril,  exophthalmos,  depression  of  the  palate,  and  a  promi- 
nence beneath  the  malar  eminence  due  to  bulging  of  the  outer  wall, 
which  in  old  cases  may  crackle  under  the  finger.  Acute  cases  may 
be  associated  with  septic  constitutional  symptoms.  Percussion  over 
the  antrum  will  give  a  dull  instead  of  a  tympanitic  sound,  and  trans- 
illumination, by  placing  a  small  electric  light  in  the  patient's  mouth 
in  a  dark  room,  or  the  X-ray,  will  show  the  diseased  much  darker 
than  the  normal  side.  In  doubtful  cases  in  which  pus  cannot  be  seen 
coming  from  the  antral  opening,  an  exploratory  puncture  may  be 
made  in  the  inferior  meatus,  one  inch  behind  the  anterior  end  of  the 
inferior  turbinate,  or  if  the  nostril  is  blocked,  by  making  a  similar 
puncture  through  the  canine  fossa,  pushing  the  cannula  upwards 
at  an  angle  of  45  degrees. 

The  treatment,  when  the  condition  is  due  to  a  carious  tooth, 
usually  the  second  bicuspid  or  the  first  molar,  is  extraction  of  the 
tooth,  and  opening  upwards  through  the  socket  to  the  antrum  by 
directing  the  drill  or  gouge  towards  the  supraorbital  notch.    The 
cavity  is  irrigated,  and  permanent  drainage  secured  by  a  gold  or 
silver  tube,  which  may  be  closed  with  a  stopper  during  meals.    Irri- 
gation may  be  practised   likewise  through  the  natural  opening, 
or  through  an  opening  made  through  the  inferior  meatus  or  canine 
fossa.     Small  openings  of  this  character  are  exploratory  or  palliative 
and  are  not  suited  for  chronic  cases.     The  radical  operation  is  per- 
formed by  making  an  incision  at  the  junction  of  the  buccal  and 
alveolar  mucous  membranes,  and  opening  the  antrum  with  a  gouge 
through  the  canine  fossa,  about  one  inch  above  the  border  of  the 
gum,  on  a  level  with  the  second  bicuspid  tooth.     The  opening  may  be 
enlarged  sufficiently  to  explore  and  curette  the  antrum  thoroughly, 
and  a  counteropening  may  be  made  into  the  inferior  meatus  of 
the  nose.    A  tube  may  be  passed  through  both  of  these  openings 
and  the  cavity  irrigated  daily. 

Tumors  of  various  kinds  may  develop  in  the  antrum;  about  two- 
thirds  are  malignant.    The  so-called  hydrops,  or  dropsy  of  the  an- 
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irum,  is  practically  always  due  to  cystic  degeneration  of  tumors, 
or  to  cysts  connected  with  the  tooth  follicles,  although  a  true  dropsy 
from  closure  of  the  natural  opening  of  the  antrum  is  said  to  occur. 
Large  growths  cause  expansion  of  the  walls  of  the  antrum,  and  when 
malignant  soon  spread  to  adjacent  parts.  Transillumination  and 
percussion  will  give  the  same  results  as  in  empyema,  and  the  intro- 
duction of  a  small  cannula  will  determine  the  presence  or  absence  of 
fluid  and  the  density  of  the  growth.  In  doubtful  cases  the  cheek 
may  be  reflected  as  for  excision  of  the  jaw  and  the  anterior  wall  of  the 
antrum  removed.  Polyps,  cysts,  and  other  benign  tumors  may  be 
removed  through  this  opening;  if  malignant  disease  is  found,  the 
entire  upper  jaw  should  be  resected. 

LARYNX  AND  TRACHEA 

Congenital  fissures  and  fistula,  laryngocele  and  tracheocele,  and 
wounds  of  the  air  passages,  have  been  referred  to  in  the  chapter  on 
surgery  of  the  neck. 

Foreign  bodies  in  the  air  passages  may  be  of  any  nature,  provid- 
ing they  are  small  enough  to  enter  the  larynx  or  trachea.  Those 
most  often  found  are,  in  the  order  of  their  frequency,  a  grain  of  corn, 
watermelon  seed,  bean,  and  grain  of  coflFec.  Congenital  defects  or 
destruction  of  the  epiglottis  by  ulceration,  certain  diseases  like 
bulbar  paralysis,  and  unconsciousness  from  any  cause,  predispose  to 
this  accident.  Foreign  bodies  may  be  introduced  through  the 
glottis  or  through  an  artificial  opening  in  the  trachea,  and  they  may 
penetrate  from  without,  as  a  bullet,  needle,  or  other  sharp  body. 
They  may  ulcerate  into  the  respiratory  tree  from  the  esophagus, 
mediastinum,  or  one  of  the  subphrenic  organs,  stomach,  colon,  liver, 
or  spleen,  and  they,  may  be  formed  in  the  lung  itself  {lung  stones). 

If  not  arrested  in  the  pharynx  or  larynx,  or  of  such  a  nature  as  to 
catch  in  the  wall  of  the  trachea,  the  foreign  body  usually  descends 
into  the  right  bronchus,  because  of  its  greater  diameter  and  because 
the  bronchial  septum  is  situated  to  the  left  of  the  median  line.  For- 
eign bodies  may  be  expelled  through  the  mouth  or  through  an  arti- 
ficial opening;  they  may  be  coughed  into  the  pharynx  and  swallowed; 
and  rarely  may  they  gain  exit  through  the  chest  wall  by  ulceration. 
Vegetable  substances  swell  and  sometimes  sprout.  Death  is  due  to 
asphyxia  from  complete  blocking  of  the  respiratory  channel  or 
from  edema  or  violent  spasm  of  the  glottis,  or  it  occurs  later  from 
septic  inflammation.  Rarely  hemorrhage  may  cause  a  fatal  issue, 
as  in  a  case  in  which  an  inhaled  dart  pierced  the  innominate  artery. 
If  the  foreign  body  is  not  large  enough  to  block  the  air  channel 
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completely,  there  are  great  dyspnea,  violent  cough,  lividity  of  the 
countenance,  writhing  of  the  patient,  and  partial  insensibility, 
followed  by  expulsion  of  the  foreign  body  or  a  variable  lull  in  the 
s>Tnptoms,  then  by  recurrence  of  the  symptoms,  and  so  on  until 
spasm  or  edema  of  the  glottis  causes  asphyxia,  or  the  body  descends 
into  the  lung. 

The  diagnosis  is  usually  made  from  the  history,  but  if  the  patient 
be  unconscious  or  a  child  from  whom  no  history  can  be  obtained,  the 
symptoms  may  be  mistaken  for  asthnia,  pertussis,  epilepsy,  ai>oplex>' 
diphtheria,  cardiac  disease,  spasmodic  croup,  laryngismus  stridulus, 
edema  and  ulceration  of  the  larynx,  the  laryngeal  crisis  of  locomotor 
ataxia,  or  for  worms.     Even  after  expulsion  doubt  may  arise,  owing 
to  the  persistence  of  s>Tnptoms  due  to  irritation.     In  children  with 
sudden  respiratory  difficulty  one  should  think  always  of  a  foreign 
body.     The  breathing  is  slow  compared  with  that  of  disease,  inspira- 
tion prolonged  and  difficult  with  retraction  of  the  lower  ribs,  and  the 
respiratory  murmur  diminished  or  absent  on  the  corresponding  side 
if  there  be  impaction  in  the  bronchus,  the  pulmonary  resonance, 
however,  remaining  normal.     The  symptoms  are  intermittent  and  in 
the  beginning  there  is  no  fever.     Sometimes  the  foreign  body  may  be 
heard  rising  and  falling  in  the  trachea  with  each  respiration.    The 
pharynx  may  be  explored  with  the  finger,  the  larynx  and  upper  part 
of  the  trachea  with  the  laryngoscope,  the  bronchi  with  the  broncho- 
scope.    It  should  be  recalled  that  blocking  of  the  esophagus  may 
cause    suffocative   s>Tnptoms.     When   the  infective  sequels  from 
irritation  of  a  foreign  body  have  become  established,  the  diagnosis 
may  be  impossible  without  a  guiding  history.     These  cases  must  be 
differentiated  from  inflammatory  diseases  from  other  causes,  and 
from  chronic  largyneal,  tracheal,  or  bronchial  stenosis,  which  may 
be  extrinsic  or  intrinsic.    As  extrinsic  causes  may  be  mentioned  cica- 
tricial contractures;  localized  emphysema;  enlarged  thyroid,  thymus, 
or  lymphatic  glands;  extensive  pericardial  exudate;  dilatation  of  the 
left  auricle;  disease  or  injury  of  the  clavicle,  sternum,  or  vertebra; 
and  cervical  or  mediastinal  cyst,  abscess,  neoplasm,  or  aneurysm. 
Among  the  intrinsic  causes  are  malformations;  neoplasms;  inflamma- 
tory thickening;  intussusception  of  the  trachea;  paralysis  of  the 
posterior  cricoarytenoids;  longitudinal  involution  of  the  trachea 
after   tracheotomy;  adhesions  of  the  epiglottis,  vocal  bands,  or 
arytenoids;  cicatrices,  s>Tphilitic,   tuberculous,  or  traumatic;  and 
cicatrices   following   diseases   like   scarlatina,   diphtheria,   variola, 
rubeola,  an  enteric  fever.    The  characteristic  inspiratory  dyspnea 
is  sufficient  to  establish  the  diagnosis  of  stenosis.    If  the  voice  ^  is 
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altered,  with  pain  and  rhoncus  in  a  larynx  whose  pitch  rises  and  falls 
with  each  respiration,  the  lesion  is  probably  in  the  larynx,  and  the 
diagnosis  may  be  confirmed  by  examination  with  reflected  light. 
Dysphagia  has  been  observed  in  some  cases,  and  the  head  is  apt  to  be 
held  backward  in  laryngeal  constriction,  and  slightly  depressed  with 
extended  neck  in  tracheal  stenosis.  The  respiratory  murmur  is 
diminished  over  both  lungs  in  any  constriction  above  the  tracheal 
bifurcation,  and  the  voice  may  be  weakened  owing  to  the  lessened 
colunm  of  air  impinging  on  the  vocal  bands.  Fixed  pain  and  rhon- 
cus, with  visual  examination  through  the  mouth,  would  locate  the 
stricture  in  the  trachea.  Narrowing  of  a  bronchus  may  be  recog- 
nized by  physical  examination  of  the  chest,  or  by  direct  inspection 
with  the  bronchoscope.  Diminished  respiratory  dilatation  of  one 
lung,  as  evinced  by  inspection,  palpation,  and  mensuration,  with 
diminished  vesicular  murmur  and  vocal  fremitus,  and  retention  of 
resonance,  can  be  caused  only  by  narrowing  of  the  bronchus  or 
pneumothorax.  A  whiring  rhoncus  occupying  the  same  place  and 
having  the  same  character  and  intensity  on  different  examinations, 
with  fixed  pain  and  thrill  over  the  spot  corresponding  to  a  bronchus, 
will  definitely  settle  the  point  of  constriction.  The  diagnosis  of  a 
foreign  body  would  be  made  by  excluding  the  other  causes  of  ob- 
struction.   An  X-ray  plate  might  facilitate  the  differentiation. 

The  treatment  in  a  great  emergency  is  to  thrust  a  knife  through 
the  cricothyroid  membrane;  if  there  be  less  urgency,  a  low  and 
rapid  tracheotomy  may  be  performed;  and  if  the  patient  is  seen 
during  a  quiescent  period,  a  careful  examination  should  be  made. 
WTien  above  the  vocal  bands  the  body  may  be  removed  with  the 
finger  or  forceps,  but  when  in  the  larynx  below  this  point  and  irregu- 
lar or  jagged,  permenant  injury  to  the  vocal  bands  may  follow 
forcible  extraction  from  above.  Foreign  bodies  in  the  trachea  or 
the  bronchi  should,  whenever  possible,  be  removed  through  a 
bronchoscope.  The  best  bronchoscope  is  probably  that  devised  by 
Jackson.  It  is  a  long,  sti^ght,  slender  speculum,  with  an  electric 
lamp  at  the  distal  end.  Under  local  anesthesia  the  glottis  is  exposed 
with  Jackson's  direct  laryngoscope,  the  patient  being  in  the  dorsal 
position  with  the  head  fully  extended,  i.e.,  the  occiput  is  forced 
down  toward  the  shoulders,  thus  elevating  the  anterior  part  of  the 
neck.  The  bronchoscope  is  passed  through  the  laryngoscope  into  the 
larynx,  the  laryngoscope  is  withdrawn,  and  a  '^bite-block  inserted  to 
prevent  the  patient  biting  the  thin  walled  bronchoscope.  The 
bronchial  tree  is  exceedingly  elastic  and  flexible,  and  may  be  explored 
by  following  the  lumen  by  sight."    During  the  exploration  ''the  head 
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and  neck  should  be  out  in  the  air  beyond  the  table  and  supported  by 
an  assistant,  so  that  the  head  may  be  freely  movable  as  needed.  For 
instance,  it  must  be  moved  to  the  right  for  the  bronchoscope  to 
enter  the  left  bronchus,  and  vice  versa  to  enter  the  right  bronchus; 
and  it  must  be  slightly  lowered  to  enter  the  middle  lobe  bronchus 
of  the  right  side,  raised  to  enter  the  posterior  branch  bronchi" 
(Jackson).  Secretions  are  removed  by  aspiration  or  by  sponging. 
Foreign  bodies  are  removed  with  suitable  forceps.  The  sooner  the 
bronchoscopic  examination  is  made  the  greater  the  chances  of  success, 
as  after  twelve  hours  the  foreign  body  may  be  concealed  by  swollen 
mucous  membranes.  Successful  removal  has  been  affected,  however, 
even  after  years.  If  impossible  or  injudicious  to  extract  the  body 
from  above,  the  patient  may  be  inverted  and  succussed  with  a  pillow, 
a  procedure  which  is  occasionally  successful,  especially  when  the 
alien  is  small,  round,  and  heavy.  Inversion,  however,  without 
adequate  means  for  immediately  opening  the  trachea,  is  dangerous, 
because  of  the  possibility  of  death  from  impaction  or  spasm  of  the 
glottis,  the  foreign  body  suddenly  striking  the  larynx  from  below. 
If  inversion  fail,  the  trachea  should  be  open  low  down  though 
the  symptoms  are  even  not  urgent,  because  of  the  danger  of 
death  from  impaction  or  convulsive  closure  of  the  glottis,  or  from 
subsequent  inflammation.  The  body  is  frequently  exi>elled  as  soon  as 
the  trachea  is  opened;  expulsion  may  be  facilitated  by  turning  the 
patient  face  downward,  or  by  inversion  and  succession.  These 
measures  failing,  a  careful  search  should  be  made,  and  removal  effected 
with  finger,  forceps,  scoop,  hook,  probe,  coin  catcher,  or  wire.  The 
bronchi  may  be  inspected  with  a  short  bronchoscope  introduced 
through  the  tracheotomy  wound.  A  powerful  magnet  may  attract 
bodies  like  needles,  and  a  Bigelow  evacuator  may  be  used  to  aspirate 
small  foreign  bodies,  if  all  efforts  are  unavailing,  the  wound  should  be 
kept  open  by  sutures  or  hooks,  and  a  second  trial  made  the  next 
day.  A  tracheotomy  tube  would  hinder  expulsion  of  the  foreign 
body.  Laryngotomy,  because  of  the  danger  of  injuring  the  vocal 
bands,  should  be  performed  only  when  the  foreign  body  is  in  the 
larynx  and  cannot  be  removed  in  any  other  manner.  Several 
attempts  have  been  made  to  remove  foreign  bodies  in  the  bronchi 
which  could  not  be  dealt  with  through  a  low  tracheotomy  wound, 
by  splitting  the  sternum  or  by  opening  the  thorax  posteriorly,  with, 
we  believe,  but  a  single  success.  If  a  foreign  body  causes  pulmonary 
abcess  or  gangrene  which  can  be  localized,  these  should  be  opened 
and  drained,  when  the  irritating  body  may  be  detected,  or  perhaps 
discharged  later. 


RESPIRATORY   SYSTEM  603 

Edematous  laryngitis  (edema  of  the  glottis)  may  be  caused  by 
ther  forms  of  laryngitis,  by  injuries,  such  as  fractures  of  the  larynx, 
calds,  and  foreign  bodies,  by  inflammatory  conditions  in  the  vicinity, 
uch  as  cellulitis  of  the  neck,  and  by  Bright's  disease,  angioneurotic 
dema,  the  acute  infectious  fevers,  and  the  internal  administration 
f  j>otassium  iodid  for  other  forms  of  laryngeal  trouble.  The 
ymptoms  are  interference  with  breathing,  particularly  inspiration, 
rith  cyanosis,  etc.,  as  the  obstruction  becomes  more  complete. 
'he  diagnosis  is  made  by  the  laryngoscope  and  by  feeling  the  swollen 
piglottis  with  the  finger.  The  treatment  in  the  milder  cases  is 
lultiple  punctures  or  scarification  of  the  swollen  tissues,  the  inhala- 
ion  of  steam  laden  with  compound  tincture  of  benzoin,  and  ice  to  the 
eck.  In  more  severe  cases  high  tracheotomy  should  be  performed, 
ot  waiting  until  the  patient  is  in  extremis.  Intubation  is  to  be 
referred,  providing  the  swelling  is  not  too  great  to  prevent  the 
itroduction  of  a  tube. 

Chrondritis  is  always  associated  with  perichondritis,  and  may  be 
ue  to  trauma,  chronic  laryngitis,  syphilis,  tuberculosis,  epithelioma, 
yphoid  fever,  or  the  exanthemata.  The  cricoid  and  arytenoid 
artilages  are  most  frequently  afifected.  Necrosis  may  occur  and 
us  may  form  (abscess  of  the  larynx),  which  may  discharge  internally 
r  externally;  subsequently  cicatricial  contraction  is  very  apt  to 
ause  stenosis.  The  symptoms  are  pain,  tenderness,  cough,  hoarse- 
ess,  dysphagia,  and  dyspnea.  Swelling  may  be  noticed  externally, 
r  perhaps  detected  only  with  the  laryngoscope.  The  treatment  is 
luch  like  edema  of  the  glottis.  Abscesses  may  be  opened  within 
he  larynx  or  externally,  according  to  where  they  point.  In  the 
Iter  stages  removal  of  necrotic  cartilage  may  be  indicated. 

Syphilis  of  the  larynx  may  appear  in  the  secondary  stage  as 
lucous  patches  or  condylomata,  and  in  the  tertiary  stages  as  a 
ummatous  degeneration,  causing  extensive  destruction  of  tissue 
rith  subsequent  cicatrization  and  stenosis.  A  subacute  or  chronic 
iryngitis  without  ulceration,  causing  little  or  no  trouble  beyond 
oarseness.  also  occurs.  In  the  ulcerative  form  the  symptoms  are 
•ain,  cough,  hoarseness,  dyspena,  and  dysphagia.  Sjrphilitic  lesions 
re  present  elsewhere  and  the  ulcers  revealed  by  the  laryngoscope 
re  usually  symmetrical;  in  the  tertiary  stage  the  epiglottis  is  par- 
icularly  apt  to  be  affected.  The  treatment  is  that  of  syphilis,  with 
(le  insufllation  of  iodoform  into  the  larynx.  Potassium  iodid,  how- 
vety  must  be  used  with  caution,  lest  it  produce  edema  of  the  glottis. 
*racheotomy  may  be  needed  for  edema,  convulsive  closure  of  the 
lottiS;  or  later  for  cicatricial  stenosis. 
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Tuberculosis  laryngitis  may  be  primary,  but  is  usually  secondan' 
to  phthisis.  Tubercles  form,  break  down,  and  become  ulcers, 
which  coalesce  and  often  cause  great  destruction  of  tissue.  The 
most  common  situtaion  for  these  ulcers  is  about  the  arytenoid 
cartilages,  the  vocal  cords,  and  the  under  surface  of  the  epiglottis. 
Elevated  granulations  on  the  posterior  wall  of  the  larynx  are  strongly 
suggestive  of  tuberculosis.  The  subjective  symptoms  are  those  of 
s>T)hilis  of  the  larynx.  Tubercle  bacilli  may  be  foimd  in  the  expecto- 
ration. The  treatment  is  that  of  tuberculosis  elsewhere,  with  applica- 
tions of  lactic  acid  and  insufflations  of  iodoform  or  thymol  iodid. 
Tracheotomy  may  be  needed  for  the  same  conditions  as  in  syphilis  of 
the  larynx. 

Tumors  of  the  larynx  may  be  benign  or  malignant.  The  papiU- 
omata  are  the  most  common ;  they  are  most  frequent  on  the  vocal 
cords  and  sometimes  undergo  an  epitheliomatous  change.  The 
symptoms  are  hoarseness  or  aphonia,  cough,  dyspnea,  and  sometimes 
pain  and  dysphagia.  In  adults  the  growth  may  be  seen  with  the 
laryngoscope;  the  warty-like  appearance  of  the  papilloma  is  dis- 
tinctive. The  treatment  is  intralaryngeal  removal  by  special  forceps 
or  snare,  or  by  cauterization.  Cysts  may  be  incised.  In  children 
and  in  extensive  subglottic  growths  it  will  usually  be  necessary  to 
split  the  thyroid  cartilage  in  the  middle  line  {thyrotomy)  and  deal 
directly  with  the  growth. 

Malignant  tumors  may  be  sarcomata,  but  are  usually  epitheliomta 
which  frequently  result  from  previously  benign  tumors  and  grow 
slowly.  The  symptoms  are  those  of  benign  tumors,  but  pain  shooting 
towards  the  cars  and  hemoptysis  are  more  frequent,  and  there  is  likely 
to  be  emaciation  and  lymphatic  involvement.  The  diagnosis  in  the 
early  stages  is  often  difficult;  in  doubtful  cases  a  piece  of  the  growth 
should,  if  possible,  be  secured  for  microscopic  examination.  The 
treatment  is  removal  of  the  growth  by  thyrotomy,  or  by  partial  or 
complete  laryngectom}'.  according  to  its  extent.  A  preliminary 
tracheotomy  is  usually  required.  Cure  has  been  obtained  in  26.6 
per  cent,  of  the  cases  (Kocher).  Endolaryngeal  operations  are 
not  competent  to  deal  with  malignant  disease.  In  the  later  stages 
tracheotomy  may  be  performed  to  relieve  dypsnea. 

Tiunors  of  the  trachea  have  in  a  general  way  the  same  features  as 
those  of  the  larynx,  except  that  respiration  is  more  apt  to  be  affected 
than  phonation.  The  tumor  may  be  of  any  variety,  is  often  recog- 
nized by  the  laryngoscope,  and  may  in  suitable  cases  be  excised 
through  a  tracheotomy  wound. 
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OPERATIONS  UPON  THE  AIR  PASSAGES 

Subhyoid  pharyngotomy  may  be  performed  to  gain  access  to  the 
pharynx  or  upper  part  of  the  larynx,  but  the  operation  is  rarely  used 
A  transverse  incision  is  made  between  the  hyoid  bone  and  the  thy- 
roid cartilage  and  the  pharynx  opened,  the  epiglottis  being  detached 
from  the  tongue.  Intratracheal  insufflation  anesthesia,  or  a  pre- 
liimnary  tracheotomy  will  be  necessary  in  removing  growths,  etc., 
which  cause  much  hemorrhage.  The  structures  are  sutured  at  the 
completion  of  the  operation. 

Transhyoid  pharyngotomy  maybe  used  for  the  same  purposes  as 
the  above.  An  incision  is  made  in  the  median  line  from  the  chin  to 
the  th)n'oid  notch,  the  hyoid  bone  divided,  and  the  pharynx  opened. 
Etherization  by  intratracheal  insufflation  obviates  the  necessity  for 
a  preliminary  tracheotomy. 

Thyrotomy  exposes  the  interior  of  the  larynx  by  splitting  the 
thyroid  cartilage  in  the  median  line,  after  performing  tracheotomy 
and  inserting  a  tampon  cannula  into  the  windpipe,  or  continuing  the 
anesthesia  by  intratracheal  insufflation.  The  wound  in  the  thyroid 
cartilage  is  widely  separated  and  the  interior  of  the  larynx  exposed  to 
view.    The  wound  may  subsequently  be  closed  by  sutures. 

Laryngectomy  is  performed  for  malignant  disease  and  occasion- 
ally for  other  conditions,  such  as  extensive  stenosis  or  ulceration.  It 
may  be  complete  or  partial  according  to  the  extent  of  disease,  and  in 
a  few  cases  adjacent  portions  of  the  tongue,  pharynx,  and  esophagus 
have  been  excised.  After  unilateral  laryngectomy  the  patient  is 
able  to  speak,  after  total  laryngectomy  he  is  able  to  whisper.  A  low 
tracheotomy  should  be  performed  a  week  or  more  before  the  excision 
of  the  larynx,  especially  if  there  is  much  dyspnea,  in  order  to  accus- 
tom the  patient  to  breathe  through  the  tube,  to  facilitate  anesthesia, 
and  to  lessen  the  time  of  the  larger  operation.  The  patient  is  ether- 
ized through  the  tracheotomy  wound  by  means  of  intratracheal  in- 
suflSation,  or  chloroformed  after  the  insertion  of  a  tampon  cannula. 
A  median  incision  is  made  from  the  hyoid  bone  to  below  the  cricoid 
cartilage,  a  transverse  cut  made  at  either  end  of  this  incision,  the 
flaps  reflected,  the  larynx  isolated  by  blunt  dissection,  and  removed 
by  cutting  through  the  thyrohyoid  space  above  and  the  trachea  be- 
low. The  upper  end  of  the  trachea  is  sutured  to  the  skin  and  the 
wound  packed  with  gauze  and  partly  sutured,  the  patient  being  fed 
by  means  of  a  tub^  introduced  into  the  esophagus  through  the  nose 
or  the  mouth.  The  cervical  lymphatic  glands  are  of  course  removed 
before  completing  the  operation.     When  healing  is  complete  the 
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patient  may  wear  an  artificial  larynx.  Some  surgeons  prefer  perform- 
ing the  tracheotomy  immediately  before  the  lar>'ngectomy,  others 
discard  the  preliminary  tracheotomy  altogether,  and  after  isolating  the 
larynx  sever  the  trachea,  suture  it  to  the  skin,  and  close  the  opening^ 
in  the  pharynx;  this  of  course  prevents  the  use  of  an  artificial  lar)Tix. 

Laryngotomy  is  an  emergency  operation  in  cases  of  laryngeal 
obstruction  from  any  cause.  A  vertical  incision  is  made  over  the 
cricothyroid  membrane,  the  cricothyroid  membrane  divided  trans- 
versely close  to  the  cricoid  cartilage,  and  a  tube  introduced.  The 
cricothyroid  artery  may  be  injured  and  require  a  ligature.  In  a 
great  emergency  the  whole  operation  may  be  completed  by  a  single 
transverse  incision  made  with  a  penknife,  and  the  patency  of  the 
opening  maintained  with  the  handle  of  the  knife.  The  operation  is 
not  applicable  to  children,  owing  to  the  small  size  of  the  cricothjToid 
space;  if  ever  performed  before  puberty,  it  should  be  combined  with 
division  of  the  cricoid  and  possibly  the  first  ring  of  the  trachea 
ilaryngotracheotomy) . 

Tracheotomy  is  performed  for  serious  obstruction  to  respiration, 
for  the  removal  of  foreign  bodies,  and  as  a  preliminary  to  operations 
on  the  mouth,  pharynx,  or  larynx.  The  high  operation,  i.e.,  above 
the  isthmus  of  the  thyroid  gland,  is  always  selected  when  possible, 
because  in  this  situation  the  trachea  is  superficial  and  the  operation 
much  more  simple.  When  the  obstruction  is  low  down,  however, 
or  when  one  desires  to  search  for  a  foreign  body  in  the  trachea  or 
bronchi,  the  low  operation  is  indicated. 

High  tracheotomy  may  be  performed  under  a  general  or  a  local 
anesthetic,  or  indeed  in  urgent  cases  without  any  anesthetic.  A 
pillow  is  placed  under  the  shoulders  so  as  to  extend  the  head,  and  an 
incision,  exactly  in  the  median  line,  is  made  from  the  cricoid  down- 
wards for  one  and  one-half  inches,  dividing  the  skin  and  superficial 
and  deep  fascae.  The  trachea  is  now  exposed  by  separating,  if 
necessary,  the  sternohyoid  muscles.  The  isthmus  of  the  thyroid 
gland  normally  lies  over  the  third  and  fourth  tracheal  rings.  If  it  be 
in  the  way,  it  may  be  depressed  after  dividing  the  deep  fascia  trans- 
versely, or  it  may  be  incised  in  the  median  line,  without  ordinarily 
giving  rise  to  much  hemorrhage.  A  tenaculum  is  inserted 
below  the  cricoid  to  steady  the  trachea,  which  is  opened  from  below 
upwards,  being  careful  to  guard  the  knife  with  the  index  finger  so  as 
not  to  injure  the  posterior  wall.  Ordinarily  two  or  three  rings  are 
divided,  the  cut  being  exactly  in  the  middle  line.  A  pak  of  hemostats 
should  be  introduced  into  the  trachea  before  the  knife  is  withdrawn 
and  a  tracheotomy  tube  inserted  as  the  blades  of  the  forceps  are  sep- 
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arated.  The  tenaculum  should  not  be  removed  until  the  tube  is  in 
place.  The  tube  is  held  in  position  by  tapes  tied  around  the  neck. 
In  the  absence  of  a  tube  one  may  suture  the  edges  of  the  tracheal 
wound  to  the  skin.  Bleeding  from  the  small  veins  which  have  been 
divided  usually  ceases  promptly  when  the  trachea  is  opened.  The 
wound  is  sutured,  leaving  sufficient  opening  for  the  tube,  a  couple  of 
layers  of  gauze  are  placed  beneath  the  flange  of  the  tube,  and  one  or 
two  layers  moistened  with  boric  acid  solution  over  the  orifice  of  the 
tube. 

Inloiw  tracheotomy  the  skin  incision  may  reach  the  sternum,  but 
the  lower  part  of  the  wound  should  be  deepened  very  cautiously 
because  of  the  danger  of  wounding  the  innominate  vein  or  the  thyro- 
idea  ima.  Often  the  inferior  thyroid  veins  are  large  and  numerous 
and  lie  directly  over  the  trachea;  they  should  be  ligated  or  pushed 
aside.  If  need  be,  the  isthmus  of  the  thyroid  gland  may  be  pushed 
upwards.  The  rest  of  the  operation  is  pre- 
cisely the  same  as  the  high  operation.  In 
children  the  low  operation  is  extremely 
difficult  because  of  the  depth  and  small  size 
of  the  trachea,  the  shortness  of  the  neck, 
^d  the  large  size  of  the  thymus  gland.  If 
the  obstruction  is  still  below  the  tracheo- 
tomy opening  a  long  tube  or  catheter  may 

possibly  be  passed  beyond  it.  ^'^-  307.-Tracheotomy  tube. 

Tracheotomy  tubes  are  made  of  hard  rubber,  silver,  or  aluminum. 
They  are  always  double,  the  outer  tube  having  a  flange  with  slots, 
through  which  tai>e  may  be  passed,  and  the  inner  tube  being  fastened 
to  the  outer  by  a  little  catch  on  the  side  so  that  it  may  be  re- 
moved    and     cleansed     as     often     as     necessary     (Fig.     307). 
Some    of    these    tubes    are    provided    with    a    long    handle    or 
introducer  and  a  special  speculum-like  apparatus  or  dilator  to  facili- 
tate  introduction,   but   such   are   usually  unnecessary.     When  a 
tracheotomy  is  i>erformed  preliminary  to  operations  on  the  mouth, 
larynx,  etc.,  a  tampon  cannula,  i.e.,  one  encased  in  a  rubber  sac, 
which  may  be  inflated  in  order  to  fill  the  space  between  the  tube  and 
the  tracheal  wall,  or  covered  with  a  compressed  sponge  which  swells 
when  moistened,  is  sometimes  employed  to  prevent  the  entrance  of 
the  blood  into  the  lungs,  although  with  intratracheal  insufi9ation 
anesthesia  such  appliances  are  not  needed. 

After  Tteatment. — The  room  should  be  kept  at  a  uniform  tem- 
perature of  7S°F.,  the  air  moistened  by  steam,  and  the  gauze  over  the 
tube  changed  as  often  as  the  patient  coughs,  so  that  the  mucus,  etc. 
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will  not  fall  back  into  the  tube.  The  inner  tube  should  be  removed 
every  two  or  three  hours  by  the  nurse  and  cleansed,  the  outer  tube 
may  be  removed  once  a  day  by  the  physician  for  the  same  purpose. 
Mucus  in  the  trachea  may  be  extracted  by  a  sterile  feather  moistened 
with  bicarbonate  of  soda  solution,  20  grains  to  the  oimce.  If  there 
is  much  difficulty  in  breathing,  oxygen  may  be  given  by  intratracheal 
insufflation.  The  tube  should  be  removed  permanently  as  early  as 
possible,  but  the  time  that  it  should  remain  in  place  will  vary  greatly 
with  the  condition;  thus  after  the  removal  of  a  foreign  body  it  may 
be  only  twenty-four  hours,  in  some  cases  of  stenosis  it  may  be  for 
the  rest  of  the  patient's  life.  Tubes  are  constructed  with  an  opening 
in  the  convex  portion,  so  that  part  of  the  air  will  pass  through  the 
larynx;  if  breathing  is  free  when  the  outer  opening  is  plugged,  the 
tube  may  be  removed  with  safety.  Among  the  complications  of 
tracheotomy  may  be  mentioned  ulceration  of  the  trachea  from  a 
poorly  fitting  tube,  cellulitis,  secondary  hemorrhage,  mediastinal 
emphysema,  bronchitis,  pneumonia,  and  stenosis  of  the  larynx,  or 
trachea.  Stenosis  of  the  larynx  may  be  treated  by  gradual  dilatation 
with  O'Dwyer's  tubes,  or  in  some  cases  by  removing  the  cicatricial 
tissue  and  skin  grafting  the  interior  of  the  larynx. 

Intubation  of  the  larynx  may  be  used  for  many  forms  of  stenosis 
of  the  larynx,  but  is  chiefly  employed  in  that  form  due  to  diphtheria. 
It  is  rapidly  performed  with  much  less  risk  than  tracheotomy,  but 
requires  special  instruments,  and  the  presence  of  the  surgeon  if  the 
tube  should  be  coughed  up.  The  instruments  are  shown  in  Fig. 
308.  The  child  is  wrapped  in  a  blanket  to  control  the  arms  and 
legs,  and  is  held  upright  by  a  nurse  seated  in  a  chair,  while  an  assist- 
ant holds  the  head  upon  the  nurse's  left  shoulder  and  prevents  the 
mouth  gag  from  slipping.  A  long  piece  of  silk  is  passed  through  the 
small  opening  in  the  upper  part  of  the  tube,  the  tube  fastened  to 
the  introducer,  and  the  silk  looped  around  the  little  finger.  The  left 
index  finger  is  passed  into  the  throat,  and  draws  the  epiglottis  and 
base  of  the  tongue  forward,  while  the  tube  is  passed  along  it  into  the 
glottis.  'I'he  left  index  finger  is  then  made  to  press  upon  the  head 
of  the  tube,  which  is  released  by  pulling  the  trigger  on  the  introducer, 
which  is  then  withdrawn.  When  one  is  assured  that  the  tube  is  in 
the  right  place  and  that  the  symptoms  are  relieved,  the  silk  loop 
may  be  cut  and  withdrawn  while  the  finger  is  again  made  to  press 
down  on  the  tube.  If  the  tube  is  coughed  up,  it  is  too  small  and 
the  next  larger  size  should  be  introduced.  In  cases  of  diphtheria 
the  membrane  may  be  pushed  before  the  tube  and  cause  asphyziai 
which,  if  not  immediately  relieved  by  expulsion  of  the  membrane 
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the  tube  has  been  pulled  out  by  the  string,  will  demand  tracheo- 
',  hence  instruments  for  this  operation  should  always  be  at  hand, 
patient  speaks  in  a  whisper,  and  is  apt  to  inhale  food  during 
itition,  hence  feeding  should  be  per  rectum  or  by  nasal  tube, 
lUgh  some  advise  feeding  with  the  head  lower  than  the  body,  or 
giving  of  semi-solids,  which  will  more  easily  pass  over  the  glottis. 
tube  remains  in  place  several  days,  and  is  then  removed  with 


O.  308.— To  the  left  is  the  mouth  gag,  and  the  scale  (or  detenniniog  the  proper 
totw  ftccording  to  the  age  of  the  patient.  Next  is  the  introducer,  neit  the 
etor.  On  the  risht  are  the  tubes,  which  are  expanded  above  the  rest  oa  the  ven- 
W  bknds.  with  a  prominence  posteriorly  which  rests  between  the  srytenoid 
■sea.  The  middle  of  the  tube  is  eularsed,  the  enlargement  resting  juEt  below  the 
.  eordi,  to  prevent  dupUcement  of  the  tube  upwards  when  it  is  !□  position.  Be- 
1  the  tubes  on  Che  right  is  the  obturator,  which  fits  into  the  tube  and  is  screwed 
the  holder,  and  which  is  hinged  in  the  middle  so  that  it  may  be  withdrawn  after 
ibt  is  in  pontion.  The  scale  indicates  the  length  of  tube  to  be  used,  measuring 
brlow  upward  the  figures  represent  the  age  of  the  child. 

child  in  the  same  position  as  for  introduction,  by  passing  the  left 
3  finger  down  to  the  tube  and  sUpping  the  point  of  the  extractor 
its  opening,  the  tube  being  engaged  by  pressing  the  spring  on 
shank  of  the  extractor. 


SURGERY  OF  THE  CHEST 


a.  of  the  cheBt  may  cause  superficial  bruising  of  the  skin, 
«tioQ  of  the  muscles,  fracture  of  any  portion  of  the  wall  of  the 
iz,  or  more  or  less  extensive  injury  to  the  contained  viscera, 
siumally  a  severe  blow  on  the  chest  or  epigastrium  (so-called 
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solar  plexus  blow)  will  be  followed  by  severe  shock  or  even  death, 
without  causing  any  gross  anatomical  change;  this  condition  has  been 
termed  concussion  of  the  chest  and  is  probably  due  to  direct  concussion 
of  the  heart  muscle  or  its  nerve  mechanism.  Owing  to  the  lack  of 
functionating  valves  in  the  jugular  and  facial  veins,  forcible  compres- 
sion of  the  chest  of  some  minutes'  duration,  such  as  may  occur  in  a 
struggling  mob,  may  cause  a  bluish  or  black  discoloration  of  the  face 
and  neck,  subconjunctival  ecchymosis,  and  hemorrhages  into  the 
retina  and  brain  {traumatic  asphyxia).  Rupture  of  the  lung  is  recog- 
nized by  cough,  dyspnea,  hemoptysis,  subcutaneous  emphysema, 
and  hemo-pneumothorax.  Ruptures  of  the  large  vessels,  trachea, 
or  esophagus  are  associated  with  such  widespread  injury  that  death 
quickly  follows.  For  injuries  of  the  heart  see  chap,  xv,  and  for 
rupture  of  the  diaphragm,  chap,  xxvii.  The  treatment  of  con- 
tusion of  the  chest  is  reaction  from  shock,  and  immobilization  of  the 
thorax  as  in  fracture  of  the  ribs.  In  the  presence  of  marked  evidences 
of  internal  hemorrhage,  thoracotomy  and  efforts  to  check  the  bleeding 
are  indicated.  The  treatment  of  pneumothorax  is  given  on  a  later 
page. 

Wounds  of  the  chest  may  be  penetrating  or  non-j)enetrating; 
the  latter  are  treated  as  wounds  elsewhere.  Penetrating  wounds  are 
usually  caused  by  stabs  or  bullets.  The  diagnosis  may  be  made  by 
signs  of  injury  to  the  viscera,  or  by  exploration  of  the  disinfected 
wound  with  a  sterile  finger;  the  latter  is  always  advisable,  particu- 
larly in  wounds  in  the  neighborhood  of  the  heart,  or  below  the  sixth 
rib,  as  in  this  situation  penetration  of  the  diaphragm  and  injury 
to  the  abdominal  viscera  may  easily  occur.  Wounds  of  the  heart 
have  already  been  discussed  and  injuries  of  the  abdominal  viscera 
will  be  considered  in  a  subsequent  chapter.  The  possible  symptoms 
of  a  penetrating  wound  of  the  lung  are  those  of  rupture  of  the  lung 
with  a  bleeding  and  a  sucking  external  wound. 

The  treatment  in  the  absence  of  serious  hemorrhage  or  the  lodge- 
ment of  a  foreign  body  is  debridement,  suture  of  the  external 
wound  and  immobilization  of  the  affected  side  of  the  chest.  Hemor- 
rhage from  the  internal  mammary  or  intercostal  artery  may  be  con- 
trolled by  ligation,  or  by  pushing  a  gauze  sac  between  the  ribs  and 
filling  the  inner  end  of  the  sac  with  gauze  so  that  when  drawn  upon 
it  will  make  pressure  from  within  outwards.  Excepting  extensive 
wounds,  bleeding  from  the  lung  is  rarely  fatal,  as  the  bleeding  is 
checked  by  collapse  of  the  lung.  In  the  absence  of  external  hemor- 
rhage, serious  loss  of  blood  is  diagnosticated  by  the  constitutional 
signs  of  acute  anemia  and  a  rapidly  accumulating  kemotkorax. 
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Bastinelli  suggests  the  aspiration  of  the  blood  and  partial  replacement 
with  air.  If  the  bleeding  continues  the  thoracic  cavity  should  be 
opened  through  a  large  intercostal  incision,  the  hemorrhage  con- 
trolled by  catgut  sutures  the  pleural  cavity  washed  free  of  blood  and 
the  intercostal  wound  closed,  but  in  the  presence  of  serious  symptoms 
one  or  more  ribs  should  be  resected,  and  the  wounded  lung  dealt 
with  directly  by  sutures  or  gauze  packing.  Hemothorax  of  lesser 
degree,  or  that  form  due  to  hemorrhagic  pleurisy  or  tumors  of  the 
lung  or  pleura,  does  not  require  special  surgical  treatment  unless  it 
causes  pressure  symptoms  or  becomes  infected;  in  the  former  case 
aspiration,  and  in  the  latter  resection  of  a  rib  and  drainage  would 
be  indicated.  Foreign  bodies  should  be  removed  if  easily  accessible, 
and  the  same  rules  as  to  the  examination  of  the  vulnerating  instru- 
ment, the  clothing,  etc.,  apply  here  as  elsewhere.  If  the  foreign  body 
is  not  easily  found,  it  should  be  allowed  to  remain,  unless  it  gives 
rise  to  subsequent  trouble,  when  it  may  be  definitely  localized  by  the 
X-ray  and  its  removal  effected,  if  such  be  deemed  advisable.  Petit 
de  la  Villeon  has  developed  a  method  of  removing  foreign  bodies 
from  the  lungs  by  moving  the  patient  before  a  fluroscope  and 
thus  guiding  the  approach  to  the  foreign  body  of  metal  forceps 
introduced  through  a  puncture  wound  of  the  intercostal  tissues. 
With  the  exception  of  pneumocele,  the  complications  of  injuries  to 
the  chest  are  inflammatory  in  nature,  viz.,  cellulitis,  pleurisy, 
empyema,  pneumonia,  abscess  or  gangrene  of  the  lung,  mediastinal 
abscess,  and  peri-,  myo-  or  endocarditis. 

Hernia  of  the  lung  (pneumocele)  is  rare ;  it  is  the  result  of  laceration 
of  the  intercostal  structures  without  involvement  of  the  skin,  or 
follows  a  wound  owing  to  stretching  of  the  cicatrix.  It  has  an  im- 
pulse on  coughing,  crepitates  beneath  the  fingers,  and  a  vesicular 
murmur  can  be  heard  on  auscultation.  It  is  treated  by  a  pad  or 
truss.  In  contradistinction  to  a  hernia,  a  prolapse  of  the  lung  is  a 
protrusion  of  the  lung  into  an  open  wound.  It  should  be  reduced 
and  the  opening  closed,  or  if  badly  infected  and  gangrenous,  or 
densely  adherent,  it  may  be  amputated. 

Emphysema  of  the  subcutaneous  tissues,  the  result  of  injury  to 
the  lung,  rarely  requires  any  treatment  and  gradually  disappears. 
If  excessive  and  interfering  with  respiration,  multiple  punctures  may 
be  made. 

Pneumothorax  (air  in  the  pleural  cavity)  is  almost  always  asso- 
ciated with  the  presence  of  pus,  blood,  or  serum.  Ninety  per  cent 
of  all  cases  are  due  to  phthisis.  Pneumothorax  may  occur  in  children 
from  a  ruptured  lung  without  a  fracture  of  the  ribs,  owing  to  the 
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elasticity  of  the  ribs.     Air  may  enter  the  pleural  sac  through  a  wound 
in  the  chest  wall  or  lung,  it  may  come  from  the  colon,  stomach,  or 
esophagus  as  the  result  of  suppurative  or  malignant  disease,  and  it 
may  be  produced  by  aerogenic  microbes.     The  Sjrmptoms,  when  a 
large   amount   of   air   is   suddenly  introduced,  are  pain,  dyspnea 
cyanosis,  and  rapid  weak  pulse.     These  symptoms  are  seldom  seen 
during  operations  involving  the  pleural  cavity,  because  of  the  fre- 
quency of  pleural  adhesions  and  the  strong  coherence  which  normally 
exists  between  the  pleural  laminae.     The  signs  of  pneumothorax  are 
bulging  and  immobility  of  the  affected  side,  displacement  of  the 
heart,   lessening  or  absence  of  vocal  fremitus  and  breath  sounds, 
tympany  on  percussion  (rarely  dulness),  metallic  tinkling,  and  a 
metallic  quality  in  the  voice,  in  the  r&les,  and  in  the  sound  heard 
when  percussing  the  chest  by  using  a  coin  as  a  plexor  and  one  as  a 
pleximeter  (coin  test).     There  may  be  signs  of  fluid  in  the  ca\'ity. 
and  a  splashing  sound  obtained  by  shaking  the  patient.     The  X-ray 
will  give  an  intense  clearness  over  the  air  sac.    Treatment  is  not    , 
required  as  long  as  respiration  is  not  impeded,  indeed  a  little  pneumo- 
thorax may  be  beneficial  in  giving  rest  to  an  affected  lung,  but  if  the 
breathing  be  diflicult  and  the  heart  displaced,  the  air  may  be  re- 
moved by  aspiration,  or  if  associated  with  pus,  by  wide  intercostal 
incision  or  resection  of  a  rib  and  drainage.     In  cases  resulting  from    i 
an  external  wound  the  pleural  opening  may  be  sutured  or  plugged, 
or  the  lung  or  diaphragm  may  be  stitched  to  the  chest  wall.    The 
Fell-O'Dwyer  apparatus  (chap,  ii)  has  been  suggested  to  anticipate 
and  combat  acute  operative  pneumothorax;  for  the  same  purpose 
Sauerbruch  operates  inside  a  cabinet  in  which  the  air  pressure  i^ 
negative,  the  patient's  head  extending  beyond  the  cabinet,  an  air 
tight  collar  being  litted  to  his  neck.     Brauer  uses  positive  pressure  - 
i.e.,  an  air  tight  mask  is  fitted  to  the  patient's  head  and  the  anesthetic 
at  a  pressure  above  that  of  the  atmosphere,  given  by  a  special  ap  " 
paratus.    Although  more  convenient  than,  the  Sauerbruch  method  - 
difliculty  is  encountered  in  adjusting  the  mask  if  the  patient  vomitj^  - 
a  disadvantage  which  has  been  met  by  administering  the  anestheti^^ 
through  a  tracheotomy  wound.    Intratracheal  anesthesia  (chap,  i}^ 
seems,  at  the  present  time,  the  best  method  for  preventing  pneunio' 
thorax  during  intrathoracic  operations.     Some  surgeons;  the  da>' 
before  operations  on  the  lung,  suture  both  layers  of  the  pleur* 
together,  or  slowly  induce  a  pneumothorax.     The  safety  with  which 
surgeons  have  operated  upon  chest  wounds  during  the  war  usbg 
simple  inhalation  anesthesia  makes  it  questionable  whether  these 
measures  are  necessary.    Elsberg  states  that  when  the  patient  is 
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in  the  dorsal  position  the  heart  ialls  backwafds  and  pulls  with 
it  the  visceral  pleura  of  the  anterior  mediastinum,  thus  predisposing 
to  pneumothorax;  consequently  he  advises  opening  the  pleural 
cavity  with  the  patient  in  the  ventral  position. 

Serous  pleural  effusion  is  usually  the  result  of  pleurisy,  which  may 
be  primary,  or  secondary  to  trauma  or  disease  of  the  lung;  it  may 
be  caused  also  by  tumors  of  the  lung,  or  disease  of  the  heart,  liver, 
or  kidney.  Symptoms  may  be  absent,  or  there  may  be  pain,  cough^ 
dyspnea,  and  in  inflammatory  cases  fever  and  leukocytosis.  The 
signs  of  fluid  in  the  chest  are  immobility  and  enlargement  of  the 
affected  side,  widening  with  perhaps  bulging  of  the  intercostal  spaces, 
displacement  of  the  heart,  diminished  or  absent  vocal  fremitus, 
duhess  or  flatness  on  percussion  which  may  change  with  alteration 
in  the  position  of  the  patient,  tympany  above  the  fluid,  feeble  or 
absent  breath  sounds  and  vocal  resonance,  and  opacity  as  revealed 
by  the  X-ray.  In  some  cases  there  is  bronchial  breathing  and  ego- 
phony.  The  treatment  of  serous  effusions  when  large  in  amount  or 
producing  pressure  symptoms,  or  in  any  case  not  quickly  relieved 
by  medical  treatment,  is  aspiration. 

Pyothoiax,  or  empyema  (pus  in  the  pleural  cavity) ,  may  be  due 
to  infection  of  the  pleural  cavity  by  a  wound,  or  to  extension  of  a 
suppurative  process  of  the  lung^^  neck,  or  abdomen,  but  is  commonly 
secondary  to  infection  of  a  serous  pleural  effusion.  Moschcowitz 
holds  that  all  originate  in  one  or  more  subpleural  alveolar  abscessses 
which  rupture  into  the  pleural  cavity.  The  organism  present  will 
vary  with  the  cause;  it  may  be  the  staphylococcus,  streptococcus, 
pneumococcus,  colon  bacillus,  tubercle  bacillus,  typhoid  bacillus, 
etc.  The  symptoms  and  signs  are  those  of  serous  effusion,  with,  in  a 
t\pical  case,  irregular  fever,  possibly  chills  and  sweats,  leukocytosis, 
edema  of  the  chest  wall,  and  absence  of  the  whispered  pectoriloquy 
which  may  be  heard  in  serous  effusions  {BaccellVs  sign).  The 
diagnosis  is  confirmed. by  exploratory  puncture.  In  some  cases  the 
pulsations  of  the  heart  are  transmitted  through  the  effusion  {pulsating 
empyema).  The  pus  may  be  localized  by  adhesions  {encapsulated 
empyema),  or  fill  the  whole  pleural  cavity  {total  empyema).  Spon- 
taneous recovery  is  possible  but  very  rare.  An  empyema  may  per- 
forate the  chest  wall  {empyema  necessitatus),  or  it  may  break  into 
the  lung,  esophagus,  stomach,  pericardium,  or  peritoneum.  Rarely 
it  may  form  a  lumbar  or  psoas  abscess.  In  acute  cases  the  pleura  is 
but  Uttle  altered,  and  although  the  lung  is  compressed,  it  readily 
expands  when  drainage  is  established.  In  chronic  cases,  however 
recxpansion  is  prevented  by  sclerotic  changes  in  the  lung  and  by  the 
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dense  and  thickened  pleura.  In  these  cases  nature  tries  to  obliterate 
the  cavity  by  causing  a  hyi>ertrophy  of  the  opposite  lung,  an  ascent 
of  the  abdominal  viscera  on  the  affected  side,  a  sinking  in  of  the 
chest,  a  lateral  curvature  of  the  spine,  and  an  abimdant  growth  of 
granulations  from  the  pleura.  If  the  ca\'ity  is  large,  healing  can  take 
place  only  with  the  aid  of  surgery.  The  prognosis  is  considerably 
modified  by  the  character  of  the  infection  thus  a  pneumococcal 
empyema  in  the  early  stages  may  often  be  cured  by  aspiration  alone, 
as  the  organisms  quickly  perish,  while  the  presence  of  other  pyogenic 
bacteria  will  always  indicate  free  drainage,  and  even  then  extensive 
subsequent  operations  may  be  demanded.  A  tuberculous  empyema 
will  of  course  present  a  grave  prognosis.  Cultures  in  these  cases, 
as  well  as  in  a  late  pneumococcal  empyema,  may  be  sterile.  The 
earlier  drainage  is  instituted,  the  greater  the  chance  of  reexpansion  of 
the  lung. 

The  treatment  of  acute  cases  is  aspiration,  intercostal  incision, 
or  rib  resection,  depending  upon  the  character  of  the  exudate,  chronic 
cases  may  demand  the  Estlander,  Schede,  or  Fowler  operation.  The 
principle  in  acute  cases  is  to  remove  the  fluid  with  out  the  collapse  of 
the.  lungs,  in  chronic  cases  to  obliterate  the  cavity  by  causing  the 
chest  wall  to  collapse  or  the  lung  to  expand,  by  removing  adhesions 
or  the  thickened  pleura.  Dunham  and  Moschowvitz  advise  the 
repeated  aspiration  of  the  plural  effusions  until  they  become  macro- 
scopically  purulent.  Before  this  stage  pleural  adhesions  are  not 
formed  and  if  a  pneumothorax  is  produced  not  only  collapse  of  the 
involved  lungs  occurs  but  also  of  the  opposite  lung.  According  to 
Graham  and  Bell  the  normal  mediastinal  tissues  are  so  mobile  the 
thorax  must  be  considered  as  one  cavity  in  relation  to  pressure  changes. 

Paracentesis  thoracis  (tapping)  may  be  performed  with  an 
ordinary  trocar  and  cannula,  but  as  this  i>ermits  the  introduction  of 
air,  aspiration  should  be  employed  whenever  possible.  A  hypodermic 
or  an  antitoxin  s\Tinge,  with  a  long  and  strong  needle  of  large  calibre, 
may  be  used  for  diagnostic  purposes.  Fig.  309  shows  an  aspirator. 
The  stopper  is  inserted  into  a  large  glass  bottle,  the  stop-cock  A 
closed  and  the  stop-cock  B  opened,  a  vacuum  created  in  the  glass 
bottle  by  the  pump,  and  stop-cock  B  closed;  after  the  needle  has  been 
inserted  into  the  chest,  stop-cock  A  is  opened  and  the  fluid  in  the 
pleural  cavity  enters  the  bottle.  The  skin  and  needle  should  be  dis- 
infected, and  the  patient  placed  in  a  semi-recumbent  posture,  unless 
such  is  contraindicated.  Local  anesthesia  is  usually  unnecessar}'. 
although  it  is  desirable  to  give  a  little  whiskey  before  operation. 
The  puncture  is  generally  made  in  the  eighth  intercostal  space  near 
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the  angle  of  the  scapula,  or  in  the  sixth  interspace  in  the  midaxillary 
line,  remembering  that  the  pleura  does  not  extend  as  low  in  children 
as  in  adults.  A  small  puncture  is  made  over  the  lower  rib  with  a 
knife,  and  the  skin  pulled  upwards,  so  that  the  needle,  guarded  by 
the  index  finger,  may  be  introduced  close  to  the  upper  edge  of  the  rib, 
in  order  to  avoid  the  intercostal  vessels;  thus  the  opening  is  valvular 
and  closes  as  soon  as  the  needle  is  withdrawn.  If  the  tap  be  dry,  a 
stylet  may  be  introduced  into  the  needle  to  make  sure  that  it  is  not 
plugged  and  if  fluid  still  fails  to  come,  the  needle  should  be  partly 
withdrawn,  and  reintroduced  at  a  different  angle.  The  fluid  is 
withdrawn  slowly,  and  the  flow  stopped  for  a  time  if  there  is  faint- 
ness,  \'iolent  cough,  or  marked  alteration  in  the  pulse.  The  puncture 
in  the  skin  is  covered  with  collodion.  Although  it  is  true  that 
aspiration  will  occasionally  x:ure  empyema  it  is  generally  regarded 


Pig.  309. — Aspirator. 

by  surgeons  as  an  exploratory  or  palliative  measure  or  as  a  prelimi- 
nary measure  to  permanent  drainage.  Thoracotomy  (opening  the 
pleural  cavity),  with  or  without  resection  of  a  rib,  is  the  means  of 
providing  more  or  less  i>ermanent  drainage.  Thoracotomy  with- 
out resection  of  a  rib  is  indicated  when  the  patient's  condition  is 
very  serious,  as  it  is  easily  performed  under  local  anesthesia,  by 
making  an  incision  about  two  to  four  inches  in  length  along  the 
lower  border  of  the  seventh  or  eighth  intercostal  space  in  the  post- 
axillary  line.  A  small  opening  is  made  in  the  pleura,  in  order  to 
allow  the  pus  to  escape  slowly;  the  opening  is  then  enlarged,  loose 
pieces  of  lymph  removed,  and  a  short  rubber  tube  introduced.  The 
tube  should  be  sutured  to  the  skin,  to  prevent  its  expulsion,  and 
transfixed  with  a  large  safety  pin,  to  prevent  its  dropping  into 
the  cavity.  Resection  of  a  portion  of  a  rib  is  the  usual  operation,  as  it 
allows    more    room    for   exploration    and    free    drainage.     Ether 
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is  contraindicated,  because  of  its  effect  on  the  lung.     The  best 
general  anesthetic  is  nitrous  oxid  and  oxygen,  but  chloroform  may 
be  employed,  local  anesthetic  is  the  method  preferred.     The  patient 
lies  on   his  back  or  as  suggested  by  Elsberg,  on  his  face  and  is 
brought   to  the  edge  of  the  table.    A  two  to  four  inch  incision, 
with  its  center  in  the  post  axillary  line,  is  made  over  the  seventh 
rib,   and   the   periosteum  di\'ided   and  separated  from  the  entire 
circumference  of  the  rib  with  closed  curved  scissors  or  a  perios- 
teal elevator.     The  rib  is  divided  at  each  extremitj-  of  the  in- 
cision   with   bone   forceps   and   removed,    the  intercostal  vessels 
ha\dng  been  pushed  aside  with  the  periosteum;  the  pleural  ca\ity 
is  opened   by  an  incision  through  reflected  periosteum  and  the 
operation   then  proceeds  as  in  thoracotomy  without  resection  of 
the  rib.     Irrigation  of  the  cavity  should  never  be  employed  in 
acute  cases  as  it  is  occasionally  followed  by  death.     In  chronic 
cases,    however,   and   in   those  which   the  adhesions  are  firm,  ir- 
rigation is  advisable.     The  tube  may  remain  in  place  until  the 
purulent  discharge  ceases,  or,  better,  it  may  be  removed  at  the  end 
of  a  week,  and  a  Bier  suction  pump  used  once  or  twice  daily  until 
the    lung   is  fully  expanded.     Moschcowitz  advocates  intercostal 
incision,  the  insertion  of  a  rubber  drainage  tube  having  a  cuff  of 
rubber  dam  which  lies  in  contact  with  the  skin  and  is  held  in  place 
with  adhesive  strips.     To  the  outer  end  of  this  tube  is  attached  a 
combination  instillation  and  suction  apparatus  by  means  of  a  Y  tube. 
At  first  hourly  and  later  second  hourly  instillations  of  Dakin's 
solution  are  employed.     After  six  or  seven  days  this  suction  ap- 
paratus is  removed  and  one  to  four  Carrel  tubes  inserted.    An 
additional  plain,  non  fenestrated  rubber  tube,  guarded  by  a  safety 
pin,  is  introduced  to  permit  of  a  free  escape  of  Dakin's  solution  and 
secretions.     The  same  technic  is  followed  as  in  all  infected  WTOunds. 
and  when  surgical  sterility  is  obtained  the  tubes  should  be  removed 
and  the  intercostal  wound  allo\yed  to  close.     If  the  sinus  i>ersists 
(pleural  fistula),  there  is  caries  of  a  rib,  non-obliteration  of  the  cavity, 
pleuro  pulmonary  or  broncho  cutaneous  fistulas.     In  either  case  a 
secondary  operation  will  be  required.     If  the  lung  fails  to  reach  the 
chest  wall  after  several  months,  the  chest  wall  should  be  taken  to  the 
lung  by  thoracoplasty  (Estlander  of  Schede  op>eration).     One  may 
first  try,  however,  injections  of  Beckys  bismuth  paste  (see  Sinus). 
The  cavity  is  filled  with  mixture  No.  i  (not  more  than  loo  grams 
being  used)  and  the  opening  allowed  to  close.    If  the  temperature 
rises  above  ioi°  or  severe  pressure  symptoms  appear,  the  accumu- 
lated fluid  is  evacuated  and  the  opening  again  allowed  to  dose 
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Repetition  of  the  injection  is  necessary  only  when  the  paste  is 
discharged  with  the  pus. 

Estlander's  operation  consists  of  the  resection  of  a  sufficient 
number  of  ribs,  with  the  periosteum,  to  obliterate  the  abscess 
cavity.  The  length  and  number  of  ribs  to  be  removed  depend  upon 
the  size  of  the  cavity.  In  a  large  cavity  it  may  be  necessary  to 
remove  three  or  four  inches  of  all  the  ribs  from  the  third  to  the  ninth. 
This  is  best  done  through  an  I-  or  U-  shaped  incision,  although 
separate  incisions  may  be  made  in  every  other  intercostal  space, 
and  the  rib  above  and  below  removed  through  each  incision.  The 
cavity  is  emptied  of  all  d6bris  and  packed  with  gauze. 

Schede's  operation  is  more  radical  and  more  severe.  A  U-shaped 
incision  is  made  from  the  origin  of  the  pectoralis  major  at  the  level  of 
the  axilla,  down  to  the  lower  level  of  the  pleural  cavity,  then  up  to  the 
level  of  the  second  rib  between  the  spine  and  the  scapula.  This 
flap  is  reflected  upwards,  and  all  the  ribs  over  the  cavity  from  the 
second  down,  and  from  their  tubercles  to  the  costal  cartilages, 
excised  together  with  the  periosteum,  intercostal  structures,  and 
thickened  parietal  pleura.  Bleeding  is  checked,  the  cavity  curetted 
with  gauze,  and  the  flap  sutured  so  as  to  lie  in  contact  with  the  lung, 
drainage  being  provided  by  sterile  gauze.  After  any  operation  for 
empyema  pulmonary  gymnastics  should  be  given  to  expand  the 
lung.  The  patient  should  also  have  been  informed  that  the  resulting 
deformity  is  necessary  to  the  cure. 

Polmonary  decortication,  or  total  pleurectomy  {Fowler  ^s  operation) 
consists  in  excision  of  the  sinus,  resection  of  two  or  more  ribs,  and 
stripping  of  the  entire  pleura,  both  visceral  and  parietal,  from  the 
subjacent  parts,  thus  allowing  the  lung  to  expand.  The  flap  is 
replaced  and  the  cavity  drained.  Further  experience  is  needed  to 
determine  the  status  of  this  operation,  although  it  may  be  said 
that  at  least  partial  decortication  of  the  lung  is  a  useful  adjunct  to 
either  the  Estlander  or  the  Schede  operation.  Ransohoff  has 
recently  modified  this  operation  by  making  longitudinal  incisions  in 
the  pulmonary  pleura  (discission  of  the  lung). 

Pneumotomy,  or  incision  of  the  lung,  is  indicated  in  pulmonary 
gangrene  or  abscess,  echinococcus  cysts,  and  in  certain  cases  of 
bronchiectasis  and  foreign  bodies.  It  has  been  employed,  but  is 
rarely  justifiable,  for  tuberculous  cavities.  The  trouble  is  first 
localized  by  physical  examination,  the  X-ray,  and  by  the  aspirating 
needle.  The  needle  is  left  in  place  as  a  guide,  and  an  incision  made 
exposing  the  pleura.  More  room  may  be  obtained  by  resecting  the 
rib*  above  and  below.     Often  the  pleura  will  be  adherent,  and  the 
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caNity  may  be  at  once  opened  with  the  thermo-cautery  and  drained 
with  a  soft  rubber  tube.  Loose  particles  of  necrotic  tissue  are  re- 
moved, but  curettage  and  irrigation  should  be  avoided.  If  the 
layers  of  the  pleura  are  not  adherent,  they  may  be  sutured  together 
in  order  to  avoid  pneumothorax  and  infection  of  the  pleural  cavity, 
and  the  incision  into  the  lung  postponed  for  twenty-four  hours,  or 
longer  if  there  be  no  urgency.  The  positive  and  negative  pressure 
methods  for  preventing  pneumothorax  are  described  under 
pneumothorax. 

Pneumectomy,  or  excision  of  a  part  of  the  lung,  may  be  indicated 
in  pneumocele,  bronchiectasis,  pulmonary  neoplasms,  or  in  tumors  of 
the  chest  wall  which  have  invaded  the  superficial  portion  of  the  lung. 
The  operation  has  been  performed  for  tuberculosis  but  cannot  be 
recommended,  because  in  the  localized  form  recovery  frequently 
follows  medical  treatment,  and  in  the  diffuse  variety  the  disease 
cannot  be  removed.  The  measures  already  indicated  to  guard 
against  pneumothorax  should  be  taken,  the  base  of  the  affected 
portion  of  the  lung  surrounded  with  an  elastic  ligature  or  clamped, 
the  diseased  tissue  resected,  and  the  stump  sutured.  Any  bleeding 
points  that  remain  may  be  controlled  by  sutures,  ligatures,  the  cau- 
tery or  by  gauze  packing.  The  bronchial  stump  is  difficult  to  close 
satisfactorily.  Myer  crushes,  ligates,  and  invaginates  the  cut  end 
of  the  bronchus,  Garre  sutures  lung  tissue  over  it.  Giertz  suggests 
covering  it  with  a  free  transplant  of  fascia  lata. 

Pneumoljrsis  is  a  term  applied  by  Friedrich  to  an  operation  which 
he  practises  for  unilateral  phthisis  pulmonalis.  After  making  an 
incision  like  that  for  Schede's  operation,  the  ribs,  from  the  second  to 
the  tenth,  and  from  the  costal  cartilages  back  to  and  including  the 
heads,  are  removed  without  opening  the  pleura,  thus  allowing  the 
chest  wall  to  collapse,  putting  the  lung  at  rest,  and  favoring  cicatriza- 
tion of  the  cavities.  Murphy  has  injected  nitrogen  gas  into  the 
pleural  cavity  with  the  same  end  in  view.  Pneumolysis  is  still  in 
the  experimental  stage. 

In  addition  to  the  operations  mentioned  above  tuberculosis  of 
the  lung  has  been  treated  by  artificial  pneumothorax;  by  the  injec- 
tion of  antiseptics  into  the  tuberculous  cavity;  by  extrapleural 
tamponage,  i.e.,  compression  of  the  lung  by  means  of  paraffin  or 
fat  introduced  between  the  thoracic  wall  and  the  parietal  pleura; 
by  division  or  crushing  of  the  phrenic  nerve  or  the  intercostal  nerves; 
and  by  bilateral  chondrotomy  of  the  first  costal  cartilage,  which  is 
supposed  to  encourage  the  apices  of  the  lungs  to  expand. 

has  been  treated  by  pneumotomy,  pneumectomy, 
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division  of  the  phrenic  nerve,  division  of  the  phrenic  nerve  with  sub- 
diaphragmatic transposition  of  the  lower  lobe  of  the  lung,  thoraco- 
plasty as  for  empyema,  pneumolysis,  compression  by  means  of  para- 
affin  or  fat  as  for  phthisis,  and,  in  order  to  induce  the  pulmonary 
tissue  to  shrink  by  ligation  of  the  artery  supplying  the  affected  lobe. 
The  results  of  these  operations,  thus  far,  have  not  been  encouraging. 

Polmonaiy  alveolar  emphysema,  according  to  Freund,  is  the 
result,  not  the  cause,  of  the  dilated,  rigid  thorax  characteristic  of 
this  disease.  He,  therefore,  excises  about  two  inches  of  the  ribs,  from 
the  second  to  the  sixth,  including  the  costochrondral  junctures,  with, 
he  states,  marked  benefit  in  some  cases. 

Pulmonary  abscess  is  comparatively  rare,  it  may  be  caused  by 
pneumonia,  penetrating  wounds,  foreign  bodies,  aspirated  foreign 
bodies  in  a  bronchus,  infection  of  a  haemorrhage  infarct,  rupture  into 
the  lung  of  a  neighboring  septic  focus,  septicemia  and  malignant 
growths.  The  symptoms  are  those  of  a  general  infection  and  there 
may  be  sudden  copious  expectoration  of  foul  smelling  pus  and 
subsequent  physical  signs  of  a  cavity. 

Treatment  may  require  pneumotomy  (see  page  617)  artificial 
neumo thorax  has  been  used. 

Mediastinal  abscess  may  be  traumatic,  or  secondary  to  a  sup- 
purative process  in  the  neck  or  intrathoracic  organs.  The  symptoms 
are  those  of  sepsis  (except  in  chronic  cases),  and  pressure,  as  in 
aneurysm,  from  which  the  condition  may  be  distinguished  by  the 
absence  of  thrill,  bruit,  and  expansile  pulsation,  and  by  the  X-ray. 
In  doubtful  cases  a  fine  needle  may  be  introduced.  Various  ttmiors, 
both  benign  and  malignant,  may  originate  in  the  mediastinum  and 
produce  identical  pressure  symptoms.  Abscesses  should  be  drained 
after  localizing  them  with  the  aspirating  needle.  Tumors  are  for 
the  most  part  beyond  the  aid  of  present-day  surgery,  but  in  a  few 
instances  operative  relief  may  be  attempted.  The  anterior  medi- 
astinum may  be  approached  by  resecting  a  portion  of  the  sternum ; 
the  posterior  mediastinum  has  been  opened  extrapleurally  by  resect- 
ing the  ribs  near  the  spine.  The  possibility  of  removing  foreign 
bodies  impacted  in  the  thoracic  portion  of  the  esophagus,  as  well  as 
resecting  portions  of  the  gullet  for  malignant  disease,  is  presented  by 
the  latter  route. 


CHAPTER  XXV 

DISEASE  OF  THE  BREAST 

Congenital  malformations  such  as  absence  of  the  nipples  (atheluj) 
incomplete  development  {micromazia)  or  absence  of  the  breasts 
{amazia)y  and  supernumerary  nipples  {polythelia)  and  mammaB 
{polymastia)  require  no  treatment. 

Retracted  nipples  may  be  congenital  or  due  to  contraction  from 
scar,  ulceration,  mastitis,  or  tumors.  Occasionally  the  condition 
may  be  benefited  by  repeatedly  drawing  the  nipple  out  with  the 
fingers  or  with  the  breast  pump.  Nursing  can  often  be  accomplished 
by  means  of  the  nipple  shield. 

Mammilitis,  or  inflammation  of  the  nipple,  is  almost  invariably 
associated  with  lactation,  the  delicate  epithelium  becoming  macer- 
ated by  milk  and  saliva,  and  easily  excoriated  {fissured  or  cracked 
nipples).     The  inflammation  may  extend  to  the  surrounding  skin, 
or  cause  an  abscess  of  the  breast  by  spreading  along  the  milk  ducts  or 
lymphatics;  occasionally    the    nipple  is  destroyed  by  ulceration. 
Nursing  is  painful  and  often  followed  by  bleeding,  hence  is  often 
I)ostponed,  thus  leading  to  engorgement  of  the  breast.     The  treat- 
ment should  begin  before  the  trouble  is  inaugurated.     Towards  the 
end  of  pregnancy  the  epithelium  may  be  hardened  by  bathing  with 
alcohol    (luring  lactation  the  nipples  should  be  washed  before  and 
and  after  nursing  with  boric  acid  solution,  and  carefully  dried.    If  * 
small  tissure  forms,  it  may  be  sprayed  with  peroxid  of  hydrogen,  washed 
with  boric  acid  solution,  dusted  with  boric  powder,  and  a  nipple 
shield  used  during  nursing.     In  the  more  severe  forms  the  child  * 
should  be  weaned,  the  secretion  of  milk  suppressed  by  the  applied'" 
tion  of  belladonna  ointment  and  a  pressure  bandage,  and  the  nippl-^ 
treated  with  peroxid  of  hydrogen,  boric  acid  solution,  and  applicatioJ^^ 
of  silver  nitrate. 

Paget's  disease  {malignant  dcrmaiiiis)  is  a  chronic  destructi^^ 
inflammation  of  the  nipples,  usually  occurring  in  women  past  middX^ 
life.  Some  consider  certain  psorosperms  as  the  cause  of  this  cond^" 
tion,  but  such  has  not  been  proved.  At  first  there  is  a  moist  de^^ 
quamation,  later  a  sticky  yellowish  discharge  with  the  formation  of 

crusts,  beneath  which  the  surface  is  red  and  raw.    The  nipple  ma/ 
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le  retracted  or  even  destroyed,  and  the  condition  may  extend  to  the 
kin  of  the  breast.  It  is  a  not  simple  eczema,  which,  however  may 
ttack  the  nipple  but  a  precursor  of  carcinoma  of  the  breast.  The 
'eatment  is  therefore  excision  of  the  diseased  area  and  also  the 
reast  and  axiUary  glands  if  there  are  any  indurations  in  the  breast. 
Abscess  of  the  areola  requires  incision  and  drainage.  It  usually 
rises  from  the  sebaceous  follicles  and  is  most  frequent  in  girls 
bout  puberty. 


^•c.  310. — Hypettropby  of  breasts,  areola  S  inches  in  diameter;  breasts  very  tender; 
pain  above  breasts  from  the  dragging  on  the  skin. 

Tumors  of  the  nipple  include  papilloma  epithelioma  {see  car- 
"^Moma  of  the  breast)  fibroma,  angioma,  myxoma,  and  myoma. 
*«Uceou3  cysts  may  arise  from  the  nipple  or  the  areola. 

ITeuralgia  of  the  breast  (mastodynia)  is  usually  associated  with 
Speresthesia  of  the  skin  and  deep  tenderness  of  the  gland,  but  no 
r-ganic  change  can  be  detected.  It  is  most  common  in  young  un- 
^Arried  women  and  may  be  associated  with  ovarian  disturbances. 
■*Xal  treatment  should  be  avoided  and  the  general  health  improved. 

^pertrophy  is  generally  bilateral,  begins  at  puberty,  and  does 
Ot  interfere  with  the  general  health;  occasionally  the  patient 
Cknqilaiiis  of  neuralgia.  The  growth  is  slow,  but  the  breasts  may 
■ttwn  an  enormous  size.  The  consistency  may  be  normal,  or  there 
**»)r  be  a  diffuse  firmness  due  to  an  increase  in  the  fibrous  tissue. 
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Unilateral  hypertrophy  has  been  mistaken  for  a  tumor  of  the  breast. 
Amputation  is  the  only  remedy. 

Gynecomazia  is  hypertrophy  of  the  male  breast  or  breasts,  a 
condition  often  associated  with  malformation  of  the  sexual  organs. 

Acute  mastitiS|  or  mammitiSi  is  occasionally  seen  in  women  as 
a  metastatic  process  during  the  course  of  mumps.  In  girls  and 
sometimes  in  boys  about  the  age  of  puberty  the  breast  may  become 
large  and  tender,  and  after  persisting  for  weeks  go  on  to  resolution 
although  suppuration  is  occasionally  seen.  A  somewhat  similar 
condition  is  encountered  in  children  soon  after  birth,  particularly 
if  the  nurse  has  tried  to  ** break  the  nipple  string*'  by  pulling  or 
rubbing.  Acute  mastitis,  however,  is  most  often  seen  during  the 
puerperium,  usually  as  the  result  of  cracked  nipples,  the  infection 
passing  along  the  milk  ducts  or  the  lymphatics. 

The  S3rmptoms  are  pain,  tenderness,  swelling,  localized  heat, 
hardening  of  the  breast,  and  the  constitutional  signs  of  fever.  If 
abscess  of  the  breast  follows,  the  skin  becomes  red  and  edematous 
the  pain  more  intense,  and  in  the  later  stages  fluctuation  appears: 
The  pus  may  bo  between  the  skin  and  the  gland  {supramammary 
abscess),  in  the  gland  {intramammary  abscess),  or  beneath  the  breast 
[SHbmamP9tary  abscess)  as  the  result  of  extension  from  the  deep 
li>bules.  The  last  mav  be  due  also  to  disease  of  the  ribs  and  like 
conditions. 

The  treatment  of  acute  mastitis  is  suspension  of  nursing,  depletion 
by  means  of  the  breast  pump,  support  of  the  gland  by  a  sling  or 
bandage,  and  the  application  of  ichthyol  or  an  evaporating  lotion. 
Fissures  should  be  disinfected  and  the  general  health  improved. 
In  the  later  stages  resolution  may  be  hastened  by  gentle  massage. 
If  pus  forms,  the  treatment  is  the  same  as  for  suppuration  elsewhere. 
In  an  intramammarv  abscess  the  incision  should  radiate  from  the 
nipple,  so  as  to  be  parallel  with  the  milk  ducts,  and  a  finger  should 
be  introduced  to  open  any  adjacent  lobules  which  may  be  distended 
with  pus.     When  the  abscess  is  in  the  upper  portion  of  the  breast, 
it  is  often  desirable  to  make  a  counterincision  below  and  introduce 
a  drainage  tube.     A  retromammary  abscess  is  best  opened  at  the 
lower  and  outer  side. 

Milk  fistulas  follow  abscesses  or  incisions,  and  are  treated  as 
sinuses  elsewhere. 

Chronic  mastitis  may  be  divided  primarily  into  the  non- 
suppurative and  the  suppurative,  although  the  term  is  often  used 
to  designate  the  former  only.  Chronic  non-suppurative  mastitis 
occurs  in  two  forms,  the  circumscribed  and  the  diffuse.    Chronic 
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circumscribed,  or  lobar  xnastitiSi  may  follow  trauma  or  pregnancy, 
but  is  most  frequent  in  women  approaching  the  menopause.  One 
or  more  of  the  lobes  become  enlarged,  indurated,  tender,  and  some- 
times the  seat  of  severe  neuralgia,  which  is  apt  to  be  worse  during 
menstruation.  The  condition  may  persist  for  months  or  years 
but  never  terminates  in  suppuration.  Chronic  diffusei  lobular, 
or  interstitial  mastitis  may  occur  at  any  time  after  puberty,  but  is 
most  frequent  after  lactation  or  at  the  climacteric.  There  is  a 
marked  increase  in  the  connective  tissue,  which  ultimately  contracts, 
causing  induration,  shrinkage  of  the  breast,  depression  of  the  nipple, 
and  the  formation  of  cysts  owing  to  pressure  on  the  ducts,  pre- 
venting the  escape  of  degenerated  and  liquified  epithelium  which 
has  undergone  proliferation.  There  may  be  pain,  tenderness, 
and  a  watery  discharge  from  the  nipple.  The  disease  rarely  dis- 
appears, but  usually  terminates  in  atrophy  of  the  breast,  the  gland 
becoming  hard,  nodular,  and  shrunken,  or  in  general  cystic  degenera- 
tion or  possibly  carcinoma.  The  diagnosis  from  carcinoma  may 
be  difficult  or  even  impossible  without  microscopic  examination. 
The  involvement  of  the  opposite  breast,  the  absence  of  a  distinct 
tumor,  the  presence  of  small  cysts,  the  long  duration,  with  pres- 
ervation of  the  general  health,  and  without  infiltration  of  the 
perimammary  tissues  or  involvement  of  the  axillary  glands,  all 
point  to  interstitial  mastitis. 

The  treatment  of  the  above  forms  of  chronic  mastitis  is  the 
removal  of  any  source  of  irritation,  such  as  badly  fitting  corsets; 
support  by  a  bandage;  local  applications  of  belladonna  and  mercury; 
and  the  internal  administration  of  potassium  iodid,  If  there  be 
doubt  as  to  the  nature  of  the  condition,  if  there  be  a  diffuse  cystic 
change,  or  if  the  disease  cause  much  pain  or  anxiety,  the  breast 
should  be  amputated. 

Chronic  suppurativa  mastitis  is  characterized  by  the  formation 
of  pus,  often  without  symptoms  of  inflammation;  it  follows  lactation, 
probably  as  the  result  of  infection  of  galactoceles,  or  it  may  be  due 
to  syphilis,  tuberculosis,  or  actinomycosis.  The  abscess  wall  is 
often  so  thick  as  to  resemble  a  tumor,  and  in  several  instances  the 
breast  has  been  removed  as  the  result  of  an  incorrect  diagnosis. 
A  hollow  needle  or  an  exploratory  incision  will  dispel  all  doubt. 
The  treatment  is  incision,  disinfection,  and  drainage,  or,  if  the  breast 
is  totally  destroyed,  amputation. 

Tuberculosis  of  the  breast  may  be  localized  {cold  abscess)  or 
diffuse,  but  is  not  common.    In  the  diffuse  form  the  breast  is  riddled 
sinuses  which  discharge  caseous  pus.    The  disease  may  be 
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primLiry.  m  :it:c<in<i:iry  tu  tubtrculosis  of  neighboring  parts.  The 
trf'itment  of  the  dilTuse  form  is  amputation  of  the  breast.  Sharply 
locaiizi'il  ilist-aji'  may  be  treated  by  excision,  or  by  incision  aoij 
curcltase. 

Syphilititic  aflFections  of  the  breast  include  chancre,  mucou'< 
patchf^,  condylomata,  and  gummata,  the  appearances  and  treatment 
of  which  have  alri-ady  been  given. 

Tumors  of  the  breast  may  be  of  almost  any  variety,  but  only 
the  mo<t  common  forms  require  special  description.  In  palpatiop 
a  breast  for  a  tumor,  the  gland  should  be  pressed  against  the  chest 
wall  with  the  llat  of  the  hand,  as  picking  up  the  tissues  between 
the  lingers  gives  a  deceptive  sense  of  a  new  growth. 


Fibroadenoma  is  the  most  common  benign  tumor  of  the  breast. 
Pure  adenoma  ami  imre  fibroma  arc  very  rare.  Fibroadenom* 
u.-ually  originates  in  women  between  puberty  and  the  thirtieth  year. 
It  is  liaril.  elastic,  sliyhtU'  nodular,  freely  movable,  generally  but 
not  always  painless,  and  unassociated  with  impairment  of  the  genera! 
health.  a."ii!Iary  involvement,  or  retraction  of  the  nipple.  Cystic 
changed  occur  in  a  few  cases,  but  sarcomatous  or  carcinomatous 
degeneration  is  exceptional.  The  Irctilment  is  enucleation  of  tht 
growth  from  it.s  capsule,  the  incision  radiating  from  the  nipple.  In 
order  to  conceal  the  scar,  Thomas  makes  the  incision  along  the 
lower  margin  of  the  breast,  which  is  then  turned  upward,  and  the 
growth  removed  from  behind  by  a  \'-shaped  inci^on  that  is  sub- 
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sequently  sutured.  If  the  growth  is  large  the  deformity  occasioned 
by  excision  may  be  avoided  by  filling  the  cavity  with  a  free  transplant 
of  fat,  taken  from  the  subcutaneous  tissues  of  the  buttock  or  abdomen. 

Cystadenoma,  or  adenocelei  the  acini  and  small  ducts  of  the 
adenomatous  tissue  dilate  and  form  cysts,  into  which  fibropapillo- 
matous  vegetations  project,  hence  the  terms  proliferous  mammary 
cystj  iniracanalicular  fibroma,  and  duct  papilloma  (the  last  term  is 
often  restricted  to  a  small  cyst  situated  near  the  nipple  and  con- 
taining a  warty  growth).  The  tumor  grows  slowly  but  may  attain 
a  large  size,  and  in  the  later  stages  adheres  to  the  skin  and  may 
even  break  through  it.  It  is  nodular,  encapsulated,  movable 
occurs  between  the  thirtieth  and  fortieth  years,  is  generally  painless, 
and  may  be  associated  with  a  bloody  discharge  from  the  nipple,  as 
the  result  of  intracystic  hemorrhage.  It  is  hard,  but  varies  in 
consistency  according  to  the  size  of  the  cysts.  It  does  not  infiltrate 
the  surrouoding  tissues  or  involve  the  axillary  glands.  Carcino- 
matous and  sarcomatous  degeneration  are  possibilities.  The 
treatment  in  the  early  stages  is  removal  of  the  growth  alone,  but  in 
the  later  stages  it  will  usually  be  necessary  to  amputate  the  breast 

Sarcoma  (Fig.  311)  constitutes  less  than  5  per  cent,  of  all  breast 
liunors;  the  cells  may  be  of  any  type,  authorities  differing  as  to 
whether  the  round-  or  the  spindle-celled  variety  is  the  most  frequent. 
Cyst  formation  occurs  in  about  half  the  cases,  as  the  result  of  hem- 
orrhage, degeneration,  or  obstruction  to  the  tubules  (cystosarcoma) , 
Adenosarcoma  is  that  form  which  develops  from  an  adenoma  or  a 
fibroadenoma,  or  in  which  the  tubules  and  acini  proliferate.  In- 
flammation and  suppuration  are  common  and  myxomatous,  fatty, 
calcareous,  and  telangiectatic  changes  may  occur.  Sarcoma  usually 
appears  between  the  ages  of  twenty-five  and  thirty,  grows  rapidly, 
is  encapsulated,  is  firm  or  soft  according  to  the  constituent  cell, 
causes  distention  of  the  overlying  veins,  and  does  not  involve  the 
axillary  glands  until  ulceration  has  occurred;  it  does,  however 
give  rise  to  early  metastases  in  the  viscera.  Pain  is  often  severe, 
and  discharge  from  the  nipple  frequent.  It  differs  from  carcinoma 
in  that  it  occurs  at  an  earlier  age,  is  more  movable,  grows  more 
rapidly,  is  less  unifonp  in  consistency,  does  not  retract  the  nipple 
or  cause  enlargment  of  the  lymph  glands,  except  in  rare  cases,  and 
even  when  ulcerating  does  not  infiltrate  or  markedly  thicken  the 
skin.  The  prognosis  is  very  grave.  The  treatment  is  removal  of 
the  breast  and  the  axillary  glands. 

Cardnoma  constitutes  over  80  per  cent,  of  all  breast  tumors,  so 
that  any  lump  in  the  mammary  gland  must  be  regarded  as  malignant 
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unless  positive  proof  to  the  contrary  is  forthcoming.  It  attacks 
the  male  breast  in  about  one  per  cent,  of  the  cases.  The  influence 
of  heredity  is  probably  very  slight,  but  the  frequency  of  preceding 
trauma  or  inflammation  seems  to  be  more  than  a  coincidence. 
The  importance  of  Paget 's  disease  as  a  precancerous  condition  has 
already  been  mentioned.  Cancer  of  the  breast  is  said  to  be  more 
common  in  women  who  have  borne  children,  but  this  statement  is 
greatly  weakened  when  the  comparatively  small  number  of  nulhpars 
is  considered.  It  is  more  frequent  in  the  left  breast  than  in  the 
right,  and  is  usually  encountered  after  the  age  of  thirty-five,  although 
it  may  occur  at  a  much  earlier  period.  There  are  three  primarj* 
varieties,  viz.,  (i)  the  spheroidal-celled  or  acinous,  (2)  the  columnar 
celled  or  duct  cancer,  and  (3)  the  squamous-celled  or  epithelioma 
of  the  nipple,  (i)  The  acinous  form  may  be  (a)  medullary  (b) 
simple,  or  (c)  scirrhous.  Colloid  or  myxomatous  cancer  is  a  rare 
variety  in  which  one  of  the  former  has  undergone  mucoid  degenera- 
tion, (a)  Medullary,  encephaloid,  or  soft  cancer  is  soft  because 
the  epithelial  elements  predominate,  it  grows  rapidly,  increases  the 
size  of  the  breast,  quickly  ulcerates,  causes  early  metastases,  and 
appears  earlier  in  life;  as  a  rule  the  skin  is  distended  rather  than 
dimpled,  the  nipple  is  not  retracted,  and  the  areola  may  be  enlarged. 
The  growth  may  feel  hot,  owing  to  its  vascularity,  and  often  follows 
pregnancy,  it  is  sometimes  mistaken  for  mastitis  or  an  abscess. 
(b)  A  simple  cancer  approaches  the  normal  in  the  relative  amount 
of  fibrous  and  epithelial  tissues,  and  is  midway  between  the  encepha- 
loid and  the  scirrhous  in  hardness  and  malignancy,  (c)  The 
scirrhous  or  hard  cancer  which  is  the  most  frequent  variety  contains 
an  excess  of  fibrous  tissue  grows  more  slowly,  and  is  nodular  and 
of  a  stony  hardness;  it  infiltrates  the  glandular  tissue,  and  cannot 
be  moved  without  carrying  the  breast  with  it.  In  the  early  stages. 
with  the  breast  held  finnly,  the  tumor  may  be  moved  perpendicu- 
arly  to  but  not  parallel  with  the  milk  ducts.  Later  it  invades  the 
l)cctoral  muscle,  when  the  whole  breast  (not  the  tumor)  may  be 
moved  up  and  down,  but  not  in  the  direction  of  the  muscle  fibres; 
and  finally  it  adheres  to  the  chest  wall  and  becomes  absolutely  im- 
movable. Owing  to  the  contraction  of  the  fibrous  septa  of  the 
breast,  small  depressions  appear  in  the  skin,  which  has  been  likened 
to  pig's  skin,  or  the  rind  of  an  orange.  Dimpling  of  the  skin  may 
arise  from  a  scar  or  syphilis  and  may  not  be  obvious  unless  the 
gland  be  moved  to  and  fro  or  unless  the  skin  be  pushed  in  various 
directions.  The  growth  is  most  frequent  in  the  upper  and  outer 
segment  of  the  gland.    When  it  orginates  in  or  invades  the  tissues 


DISEASES   OF   THE  BREAST  627 

near  the  nipple,  the  nipple  is  retracted,  shrunken,  and  fixed,  and 
occasionally  exudes  a  thin  bloody  discharge.  Further,  owing  to 
the  contraction  of  the  growth,  the  nipple  often  occupies  a  higher 
position  than  the  one  on  the  normal  breast  and  the  areola  is  dimin- 
ished in  size  (Fig.  312).  Pain  is  absent  at  first,  but  in  the  final 
stages  becomes  agonizing  owing  to  involvement  of  the  axillary 
nerves.  Cachexia  also  is  a  late  sjonptom.  Ulceration  is  pre- 
ceded by  a  reddish  or  purplish  discoloration  of  the  skin.  A  scirrhous 
ulcer  is  deep  and  has  an  offensive  sanious  discharge,  a  sloughing 
base,  and  hard,  irregular,  everted  margins.  Extensive  infiltration 
of  the  skin  is  called  cancer  en  cuirasse.  Occasionally  cysts  form, 
probably  as  the  result  of  obstruction  of  the  ducts.  The  axillary 
lymph  glands  are  enlarged  in  the  early  stages  and  probably  harbor 
cancer  cells  within  even  the  first  few  weeks.  Later  the  supra- 
clavicular glands  become  enlarged.     Pressure  on  the  axillary  vein 


Fig.  313. — The  nipple  in  scirrhus  of  the  breast  is  retracted,  shrunken,  fixed,  and  on 
a  higher  level  than  normal;  the  areola  is  smaller  than  normal  and  its  skin  fixed.  In 
inflammatory  troubles  of  the  breast  the  nipple  may  be  retracted  and  fixed,  but  the 
areola  may  be  larger  than  normal  and  on  a  lower  plane. 

and  l>Tnph  vessels  causes  a  solid  edema  of  the  upper  extremity. 
When  the  lymphatics  running  to  the  axilla  are  blocked,  and  when 
the  growth  involves  the  sternal  half  of  the  gland  or  its  costal  surface, 
metastases  occur  in  the  chest,  the  lymph  from  the  inner  half  of  the 
gland  entering  the  anterior  mediastinum  through  the  second  and 
fourth  intercostal  spaces,  and  that  from  its  costal  surface  passing 
backwards  to  the  posterior  mediastinum.  Occasionally  the  opposite 
breast  and  the  glands  in  the  opposite  axilla  become  enlarged,  because 
of  the  free  lymphatic  anastomosis  across  the  middle  line.  A  scirrhus 
is  never  of  great  size,  and  occasionally  in  old  women  the  contracting 
fibrous  tissue  is  so  abimdant  that  the  tumor  shrinks  rather  than 
enlarges  {atrophic  or  withering  scirrhus);  these  cases  may  last  for 
many  years.  An  ordinary  untreated  scirrhus  usually  causes  death 
in  from  two  to  three  years,  an*  encephaloid  in  from  six  to  twelve 
months.  (2)  Duct  cancer  springs  from  the  duct  walls,  particularly 
in  cystic  disease  of  the  breast,  but  is  not  common.    It  involves  the 
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skin  and  lymph  glands  late,  and  is  softer  than  scirrhus.  There  is 
often  a  bloody  discharge  from  the  nipple.  (3)  Epitlielioma  of  tk 
nipple  presents  the  same  features  as  epithelioma  elsewhere;  it  is 
often  preceded  by  Paget 's  disease  of  the  nipple. 

The  treatment  is  amputation  of  the  breast  and  evacuation  of 
the  axilla  as  soon  as  the  growth  is  detected.  The  incision  of  the 
growth  to  confirm  a  diagnosis,  of  abscess  or  cyst  and  in  doubtful 
cases  to  obtain  a  section  for  rapid  microscopical  examination,  may 
be  advisable  before  a  radical  amputation.  Some  recognize  no  con- 
traindication to  operation  excepting  visceral  metastases,  and  remove 
portions  of  the  chest  wall  or  even  the  entire  upper  extremity.  Most 
surgeons  exclude  cases  of  cancer  en  ciiirasse  and  those  in  which  there 
is  extensive  involvement  of  the  axilla  and  supraclavicular  glands. 
In  an  atrophic  scirrhus  in  an  old  woman  the  prognosis  may  be 
better  without  than  with  operation. 

Ilalsted's  operation  aims  to  remove  in 
one  piece  the  entire  breast  and  overl}ing 
skin,  the  costal  portion  of  the  pectoralis 
major,  the  pectoralis  minor,  and  all  the 
fat  and  glands  of  the  axilla.     The  supra- 

j.  " ->«  clavicular  glands  are  removed  in  a  second 

j^^R      /     \  piece.     An   incision  (Fig.  313)   is  carried 

Y  cL  *^    )  through  the  skin  and  fat,  and  the  triangular 

\   ^55t>^  ilaj)  A  B  C  turned  back.     The  costal  por- 

^  tion  of  the  pectoralis  major  is  divided  close 

Fk;.  M^.-,  Binnic.)         ^^  ^j^^  ^jj^^  ^^^  Separated  from  the  clavicular 

portion,  which  with  the  overlying  skin  is  divided  up  to  the  cla\icle, 
exposing  the  apex  of  the  axilla:  these  Haps  are  drawn  upwards  with 
a  retractor  and  sei)aratc(l  from  the  underlying  tissues,  and  the 
muscle  further  si)lit  as  far  as  the  humerus,  where  it  is  severed  close 
to  the  Ixme.  Hie  breast,  pectoralis  major,  and  all  fat  are  stripped 
from  the  chest  wall,  including  the  pectoralis  minor,  which  is  divided 
at  each  end,  thus  exposing  the  entire  axilla,  which  is  cleansed  of 
fal  and  lymphatic  glands  from  above  and  within,  downwards  and 
outwards,  all  small  vessels  being  ligated  close  to  the  axillary  vessels, 
which,  with  the  nerves,  should  alone  remain.  The  triangular 
flaj)  of  skin  is  drawn  outwards  and  the  lateral  and  posterior  walls 

of  the  axilla  likewise  cleared,  the  subscapular  vessels  being  ligated, 

• 

and  the  subscapular  nerves  preserved  if  possible.  The  mass  ^ 
then  turned  inward,  and  removed  from  the  chest  by  cutting  frofl* 
B  to  C.  A  vertical  incision  is  now  made  along  the  posterior  margin 
of  the  sternomastoid,  and  the  supra-  and  infra-davicular  fat  and 
glands  removed  by  dissecting  from  the  junction  of  the  internal 
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jugular  and  subclavian  veins  downwards  and  outwards.  The 
cervical  wound  is  sutured,  and  the  edges  of  the  chest  wound  approxi- 
mated by  a  buried  purse-string  suture  of  silk,  which  includes  the 
base  of  the  triangular  flap,  the  apex  being  spread  over  the  axilla. 
The  rest  of  the  wound  is  covered  with  Thiersch 's  sking  grafts.  The 
axilla  is  not  drained.  The  disability  resulting  after  such  an  exten- 
sive operation  is  surprisingly  slight. 

The  author^s  operation,  to  quote  from  the  Transactions  of  the 
American  Surgical  Association,  1915,  '^embodies  the  principles  laid 
down  by  Halstead,  with  the  following:  The  axilla  is  attacked  first 
to  determine  the  extent  of  the  lymphatic  involvement  and  the  feasi- 
bility of  radical  treatment  (Gross) ;  to  secure,  once  for  all^  at  their 
origin,  the  blood  vessels  supplying  the  breast,  thus  minimizing  hemor- 
rhage, economizing  time,  and  preventing  shock  (Meyer) ;  to  suppress 
lymphatic  drainage  as  early  as  possible  and  prevent  neoplastic 
dissemination  (Gerster) ;  and  to  leave  the  breast  as  a  warm  covering 
for  the  thorax  until  the  final  stage  of  the  operation.  The  incision 
permits  free  exposure,  including  the  subscapular  space,  which  is 
sometimes  neglected;  does  not  run  onto  the  arm  or  through  the 
axilla,  in  which  situations  a  contracting  scar  may  interfere  with  the 
functions  of  the  arm  or  press  on  the  blood  vessels  and  the  nerves 
and,  with  extensive  undermining,  can  almost  always  be  closed, 
WTien  primary  closure  cannot  be  obtained  the  raw  surface  is  covered 
with  pedunculated  flaps  from  the  abdomen  and  the  back.  Owing 
to  the  situation  of  the  incision  a  second  opening  is  not  needed  for 
drainage,  and  the  dressing  of  the  wound  is  simplified.  The  drain, 
when  employed  for  lymphorrhea,  is  removed  at  the  end  of  two  days, 
and  never  replaced.  Leaving  the  wound  open  and  prolonged  drain- 
age mean  infection  and  much  fibrous  tissue.  An  incision,  skirting 
the  upper  margin  of  the  breast,  is  made  from  a  point  on  the  edge  of 
the  sternum  farthest  from  the  growth  and  on  a  level  with  the  nipple, 
to  a  point  on  the  same  level  at  the  posterior  axillary  fold  (Fig.  314). 
The  skin  is  undermined  from  the  incision  to  the  clavicle  and  the 
head  of  the  humerus,  and  from  the  sternum  to  the  posterior  axillary 
fold.  The  clavicular  is  separated  from  the  costal  portion  of  the 
pectoralis  major,  and  the  tendon  of  the  latter  severed  close  to  the 
humerus.  The  costocoracoid  membrane  is  divided  and  the  pector- 
alis minor  cut  at  its  point  of  insertion.  With  a  self  retaining  retrac- 
tor, and  a  smaller  retractor  held  by  an  assistant,  the  entire  axilla  is 
exposed  for  evacuation  (Fig.  315),  which  progresses  from  above  and 
within,  downward  and  outward.  The  vessels  supplying  the  breast 
are  divided  between  ligatures.  The  subscapular  vessels  are  tied  at 
each  end  and,  with  the  environing  areolar  tissue,  pushed  toward  the 
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Fig.  31J. — Amputation  of  the  breast;  dissection  oi  a 
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:dian  line,  thus  laying  bare  the  latissimus  dorsi,  teres  major,  sub- 
ipularis,  and  serratus  magnus.  The  ends  of  the  original  incision 
i  joined  by  a  cut  which  skirts  the  inferior  margin  of  the  breast 
ig-  316),  and  the  skin  undermined  to  the  level  of  the  lowest  portion 
the  costal  arch,  or  even  lower.  Through  this  incision  one  may 
■nove,  as  suggested  by  Hanley,  the  deep  fascia  over  the  upper 
rtion  of  the  abdominal  muscles;  we  have  not  adopted  this  pro- 
lure  as  a  routine  measure.  Next  the  breast  is  turned  toward  the 
posite  side  of  the  body,  the  origin  of  the  pectoralis  minor  cut,  the 
rforating  vessels  seized  before  division,  and  the  mass  removed  by 


''  316. — AmputatioD  of  the  breast;  Che  lowt 


vering  the  costal  origin  of  the  pectoraUs  major.  The  wound  is 
figated  with  hot  salt  solution,  and  closed  with  several  combined 
tention  and  coaptation  sutures  of  silkworm  gut  (Fig.  69),  and  a 
tttinuous  suture  of  celluloid  thread,  except  at  the  axillary  end 
'lere  one  suture  is  left  untied,  to  provide  an  exit  for  a  gauze  drain 
'*8-  317).  which  is  removed  in  forty-eight  hours  and  the  suture  tied, 
be  arm  is  not  bandaged,  and  the  patient  is  allowed  to  put  it  into 
Qy  poij|k>n  she  desires.  Edema  of  the  arm  immediately  following 
PctatioQke  regard  as  a  favorable  sign ;  it  indicates  that  the  opera- 
1%  has  been  thorough,  that  all  the  lymphatic  structures  in  the 
i>ilia  have  been  removed,  and  the  lymphatic  drainage  of  the  arm. 
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iimiplftily  inliTriiiilfd.  It  usually  ciisaj)pears  in  from  two  tu  inur 
miinilis.  but  may  last  Umm-r.  and  indeed  be  permanent,  f'llcirj 
appeariiif;  after  iin  interval  is  due  to  pressure  on  the  axillary  vein  by 
a  tieatrix.  by  a  rfiurrent  Kruwth;  tu  a  neoplastic  invasion  uf  the 
Vfin:  tc  venous  liinmibosis:  to  a  tardy  lymphangitis  or  lymphihn>ir.- 
l)ii>is;  heme  is  nut  always,  as  is  sometimes  thought,  a  premonitory 
t;ifin  111  early  dissolution."  Supgestions  for  the  treatment  of  Iymi)h- 
edeniii  will  be  found  under  iympheilemii,  chap,  xvi;  for  inoptr- 
ablc  carcinoma  under  carcinoma,  chap.  xiii.  The  mortality  W 
the  nnxlern  breast  amputation  is  less  than  3  per  cent.     The  percent- 


I'l'..    (I  7.     .\s;ii:r:i'.i'Mi  oi  ibu  breast;  wound  closed. 

a.L'i'  of  pcrmaiieiil  iiircs.  i.e..  alter  three  years,  is  about  20  per  cent.  1 
]iiii\irhalf  oitluca-iT-lhi-retumot  the  disease  is  not  a  local  recurrence 
but  a  iiu-iaslasis.  Thr  order  of  IJK-  frequencj'  of  metastasis  is  lun);; 
liver,  lione^,  t-.-pn  ially  virtibra-.  ami  upper  part  of  ■femora.  The 
X-ray  is  of  cH^tinil  value  in  diatrnosinf;  bone  metastisis  before  opera- 
tion and  of  llurapeutii-  value  after  opi-ration.  Skeletal  metastasis 
of  carcinoma  may  be  very  slow  in  Iheir  development.  It  may  take 
years  before  clinical  symplom>  present. 

Cysts  of  the  breast  are  to  he  ilistin^uished  from  cystio^genera- 
tions.  which  may  occur  in  any  form  of  mammary  tumoi^Put  parli- 
cularlv  in  sjirconia  and  cvstadenoma. 
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Acinous  or  retention  cysts  are  caused  by  blocking  of  the  ducts 
and  pressure  upon  them  will  often  cause  a  discharge  from  the  nipple. 
Such  cysts,  when  occurring  during  the  nursing  period,  contain  milk 
igaialocele) .  A  milk  or  lacteal  cyst  is  round,  situated  near  the  nipple 
and  usually  painless;  it  fluctuates,  except  in  old  cases  in  which  the 
wall  is  thick  or  the  contents  solid.  The  treatment  is  excision.  In- 
volution cysts  (cystic  degeneration  of  the  breast)  occur  in  the  course  of 
interstitial  mastitis,  or  after  the  menopause  when  the  breast  is 
undergoing  degenerative  changes.  They  are  small  and  numerous, 
and  may  contain  intracystic  fibropapillomatous  vegetations    Both 
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Pic.  3170.— Edema   toUowing  breast 

glands   are   usually  affected.     The  treatment  is  amputation  of  the 
breast,  because  of  the  danger  of  carcinoma. 

Interacinous  cysts  are  unconnected  with  the  ducts,  do  not  cause 
a  discharge  from  the  nipple,  contain  no  intracystic  growths,  and  are 
lined  with  endothelium  instead  of  epithelium.  They  contain  serum, 
and  are  supposed  to  originate  from  the  lymph  spaces.  They  may 
be  single  or  multiple.  The  diagnosis  may  be  made  in  doubtful  cases 
by  th^^e  of  the  exploring  needle.  The  treatment  is  excision  of  the 
cyst,  ^^datid  and  dermoid  cysts  also  occur  in  the  breast,  but  arc 
rare,  and  are  treated  by  excision. 


CHAPTER  XXVI 

UPPER  DIGESTIVE  APPARATUS 

THE  LIPS 

Hare-lip  is  a  congenital  cleft  in  the  upper  lip  due  to  non-union  of 
the  frontonasal  and  superior  maxillary  processes  (p.  570).  The  term 
is  misleading,  as  the  cleft  is  not  central  as  in  a  hare's  lip,  although  a 
median  hare-lip  is  a  possibility.  Hare-lip  may  be  single  or  double, 
incomplete  or  complete,  and  it  may  or  may  not  be  associated  with 
cleft  palate  (Fig.  318).  It  is  more  frequent  on  the  left  ade,  more 
common  in  males,  and  is  sometimes  hereditary.     When  double,  the 


intermaxillary  bones  often  fail  to  unite  and,  with  the  central  portion 
of  the  lip,  project  forward.  In  all  cases  the  nose  is  broadened  aB<^ 
flattened. 

The  best  time  for  operation  is  between  the  third  and  sixth  month^ 
of  life,  i.e.,  before  dentition  begins.  The  principles  of  any  operatjoi^- 
for  hare-lip  are  to  pare  the  edges  of  the  cleft,  bring  the  flaps  together 
without  tension  by  separating  the  lip  from  the  gum,  and  to  have  the 
Vermillion  of  the  lip  in  alignment  and  a  little  projection  at  the  edge 
formerly  occupied  by  the  gap.  The  suture  material  is  usually  silk- 
worm gut,  introduced  through  the  entire  thickness  of  tlu||^,  and 
removed  at  the  end  of  two  weeks.  In  order  to  avoid  the  flnuig  of 
stitches,  chromicized  catgut,  passed  through  all  the  tissues  c 
634 
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the  skin  and  tied  within  the  month,  may  be  employed,  an  additional 
subcuticular  stitch  being  used  if  necessary.  In  order  to  prevent 
aspiration  of  blood,  the  patient  should  be  placed  in  the  Trendelen- 
burg posture,  or  on  the  back  with  the  head  hanging  over  the  end  of 


Pic.  3ig.  Pic.  320. 

Pics.  319  and  3)0 — Malgaigne     (Esmarch  and  Kowaliig.) 

the  table  (Rose's  position).  No  dressing  need  be  applied  to  the 
wound,  although  some  surgeons  prefer  to  use  collodion.  Some 
measures,  such  as  splinting  the  elbow  joint,  should  be  employed  to 
prevent  disturbance  of  the  wound  by  the  child's  fingers.    The 


^, 


ind  31a— Nilatoo.      {Esn 


child  is  fed  with  a  spoon  or  medicine  dropper,  until  able  to  return  to 
the  breast.  Figs.  319  to  324  illustrate  various  operations  for  incom- 
plete hare-Up,  and  Figs.  325  to  335  operations  for  complete  single 
baie-lip.    Operations  for  double  uncomplicated  hare-lip  are  illus- 


Pic.  333. 
Pics.  3*3  and  334— 


Pio.  324. 
(Esmarch  and  Kowalzig.) 


trated  in  Figs.  336  to  344.  Double  hare-lip  complicated  by  protru- 
sion of  the  intermaxillary  bone  must  be  treated  by  removing  or 
replacing  the  projecting  bone,  the  soft  parts  being  united  by  one  of 
the  methods  previously  indicated.     Excision  alters  the  contour  of 
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tlic  facu  ami  removes  the  central  incisor  teeth;  rejwsition  may  bt 
fiillowcil  hy  necrosis,  non-union,  or  backward  eruption  of  the  teelh; 
hence  jmlnment  is  required  in  individual  cases  in  deciding  whether 
or  not  the  bone  should  be  removed.     It  may  be  staled  however  that 


Figs,  iis  ^"(1  316. — Collis'  operation.     (Biimie.) 

a  rudimentary  lione  attached  to  the  tip  of  the  nose  should  be  excised, 
and  that  one  which  projects  but  slightly  should  be  bent  back  into 
position. 


Oblique  facial  cleft,  running  from  the  lower  lid  to  the  mouth.'and 
resullinn  from  non-closure  of  the  naso-orbital  fissure,  is  a  raw 
dt-lormit\-.  Cleft  of  the  lower  lip  or  lower  jaw  is  verj-  rare,  antl 
due  In  non-union  of  the  mandibular  processes  in  the  middle  lin<> 


march  and  Kowaliig.) 


Macrostoma,  or  enlarged  mouth,  is  due  to  defective  union  of  the 
maxillary  and  mandibular  ]>roccsses;  microstoma,  or  small  mouth, 
to  excessive  fusion  of  these  processes.  All  these  conditioM  may  be 
remedied  by  plastic  operations. 
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Cracked  or  chapped  lips,  the  results  of  cold,  and  herpes  lahialis, 
fever  blisters,  are  treated  by  the  application  of  cold  cream,  or  better 
strong  solution  of  silver  nitrate.     Cracks  and  fissures  radiating  from 


^  angles  of  the  mouth  are  due  to  congenital  syphilis.     Chancre, 

niDCous  patches,  and  tuberculous  ulcers  also  may  occur  on  the  lips. 

Macradkeflia,  or  hypertrophy  of  the  lip,  usually  the  lower,  may  be 

Ak  to  lynqtbangiectasis,  tertiary  syphilis,  or  a  tuberculous  predis- 
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position  (strumous  lip).  If  excessive,  a  horizontal  wedge  of  mucous 
membrane  and  submucous  tissue  may  be  exercised.  Mucous  cysts 
appear  as  rounded,  translucent  swellings.  They  are  caused  by 
blocking  of  the  orifices  of  the  glands,  and  are  treated  by  excision. 
Warts,  horns,  and  nevi  also  may  be  seen  on  the  lips. 


FlO-  345'— Epithelioi 


Epithelioma  almost  invariably  attacks  the  lower  lip,  and  is  seldom 
seen  in  women.  The  irritation  of  a  short  clay  pipe  is  responsible 
for  some  cases.  It  begins  as  a  small  fissure,  infiltration,  or  warty 
growth,  which  ulcerates  and  is  covered  by  a  scab  (Fig.  345).  The 
ulcer  slowly  spreads,  is  situated  on  a  hard  base,  and  ultimatdy 
invades  the  jaw.     Sooner  or  later  the  cervical  glands  are  involved, 


Pig,  348. 
(Esmarch  and  Kowaliig.) 


but  visceral  metastases  are  uncommon.     In  old  men  the  disease 
often  very  slow,  and  may  not  cause  death  for  a  number  of  years. 

The  treatment  is  early  and  thorough  excision,  with  the  glands  '0-'' 
the  submaxillary  and  submental  triangles.  Permanent  cijre  may  Ir^ 
obtained  in  from  50  to  60  per  cent,  of  the  cases  thus  treated.  fS* 
incisions  should  be  at  least  a  half  inch  away  from  the  growth.    Small 
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Fic.  349.  Pic.  3S0. 

Fics.  349  and  350. — Estlander.     (Esniarcb  and  Kowkliig.J 


Pic-  351-  PiG-  35'- 

Figs.  3S1  and  3S». — Dietlenbach.     (Esmarch  and  Kowaliig.) 


Fig.  353.  Pic.  354. 

Figs.  353  and  354.— Blasius.     (Esmarch  and  KowaliiB.) 


Fro.  355.  Fig.  3S6. 

Pics.  355  »nd  356. — Langenbeck.     (Esmarch  and  Kowaliia.) 
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growths  may  be  excised  by  the  classical  V-shaped  incision,  and  the 
glands  removed  from  both  sides  of  the  neck  by  separate  incisions. 
In  larger  growths  Dowd's  operation  (Fig.  346)  may  be  employed. 
The  cervical  incisions  are  made  first,  in  order  to  remove  the  fat. 
lymph  glands,  and  submaxillary  salivary  glands  before  opening  the 
mouth.     The  incisions,  I  E  and  G  K,  sufficiently  long  for  approxima- 
tion of  the  flaps,  are  made  by  dividing  the  skin  about  one-third  inch 
lower  than  the  mucous  membrane,  so  that  the  latter  mav  be  stitched 
to  the  skin  of  the  new  lower  lip.     The  edges  E  A  and  G  C  are  ap- 
proximated after  excising  wedged-shaped  pieces  of  skin  at  L  and  M. 
Figs.  347  to  356  show  other  methods  of  cheiloplasty. 

THE  SALIVARY  GLAin)S 

Parotitis  is  most  often  seen  as  mumps,  an  acute,  contagious, 
self-limited,  specific  inflammation,  which  may  involve  also  the 
submaxillary  and  sublingual  glands.  Suppuration  is  rare,  but  meta- 
stasis to  the  testes,  ovaries,  or  mammaj  may  occur.  A  true  orchitis^ 
produced  in  the  testicle,  which  usually  undergoes  subsequent  atro- 
phy; the  condition  is  generalh'  unilateral,  however,  and  sterility 
does  not  follow.  A  non-sup  putative  parotitis  may  follow  also  injur)',  . 
salivary  calculi,  and  disease  or  injury  of  the  abdomen.  The  symp- 
toms are  pain  and  swelling,  with  perhaps  some  elevation  of  tempera- 
ture. The  treatment  is  the  application  of  ichthyol  or  belladonna 
ointment,  and  an  antiseptic  mouth  wash,  as  oral  sepsis  is  a  factor  in 
manv  cases. 

Suppurative  parotitis  rarely  follows  the  forms  described  above 
hut  is  commonly  the  result  of  pyemia  or  one  of  the  acute  infectious 
fevers.  In  addition  to  the  swelling,  and  the  redness  and  edema  of 
the  skin.  j)ain  and  constitutional  symptoms  are  usually  severe,  o^iving  , 
to  the  lirniness  of  the  surrounding  fascia.  This  fact  explains  also  the 
tendency  of  the  pus  to  burrow  deeply  into  the  surrounding  tissues 
rather  than  i)oint  externally.  The  treatment  is  incision  parallel  with 
the  libers  of  the  facial  nerve  and  in  front  of  the  line  lor  the  external 
carotid. 

Mikulicz's  disease  is  a  chronic  symmetrical  enlargement  of  allot 
the  salivary  glands  and  of  the  lachrymal  glands,  the  nature  of  which 
is  not  clearly  understood.  It  is  sometimes  congenital,  sometimes 
associated  with  gout.  syi)hilis.  tuberculosis,  or  leukemia.  There  is 
neither  pain  nor  tenderness,  but  there  may  be  interference  with 
speech  and  mastication  and  considerable  deformity.  Some  benefit 
may  follow  the  administration  of  arsenic  and  the  iodids. 
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Salivary  calculi  consist  of  carbonate  and  phosphate  of  lime,  and 
may  form  in  any  of  the  ducts.  The  symptoms  are  those  of  obstruc- 
tion to  the  flow  of  saliva,  which  may  be  caused  likewise  by  cicatrices, 
tumors,  etc.  There  are  swelling  and  tenderness  of  the  gland  during 
meals,  and  in  old  cases  a  permanent  thickening  of  the  glandular 
tissues.  The  calculus  may  be  detected  with  the  finger,  probe,  needle, 
or  X-ray.  It  may  be  removed  by  dilating  the  duct,  by  incision  from 
within  the  mouth,  or,  in  large  calculi  in  the  submaxillary,  by  removal 
of  the  gland. 

Ramila  is  a  cystic  tumor  due  to  obstruction  of  one  of  the  ducts  of 
the  sublingual  glands,  or  more  rarely  the  duct  of  the  submaxillary 
gland.  It  contains  a  mixture  of  mucus  and  saliva.  Similar  in 
nature  are  the  mucous  cysts  which  may  form  on  the  floor  of -the 
mouth  as  the  result  of  obstruction  to  the  ducts  of  the  mucous  glands. 
Dermoid  cysts  in  this  region  frequently  spring  from  the  thyroglossal 
duct,  hence  are  situated  in  the  median  line  and  often  cause  a  swelling 
beneath  the  chin.  The  treatment  of  ranulae  and  mucous  cysts  is 
removal  of  the  anterior  wall  and  cauterization  of  the  posterior  wall, 
so  that  the  cavity  will  be  filled  by  granulations.  In  some  cases  cure 
can  be  obtained  only  by  dissecting  out  the  entire  cyst  and  removing 
the  salivary  gland.  Dermoid  cysts  require  an  external  incision  and 
careful  dissection. 

Tumors  of  the  parotid  gland  are  usually  of  a  mixed  nature.  A 
benign  parotid  tumor  is  usually  a  mixture  of  chondroma,  fibroma, 
myxoma,  and  adenoma,  hence  it  is  hard  and  nodular  in  certain  parts 
and  soft  in  others.  It  grows  very  slowly,  and  is  usually  superficial 
to  the  important  vessels  and  nerves,  except  in  the  later  stages.  A 
malignant  parotid  tumor  may  be  sarcoma,  carcinoma,  or  endothe- 
lioma. It  is  often  the  result  of  a  malignant  change  in  a  benign 
tumor,  from  which  it  may  be  distinguished  by  its  immobility,  greater 
pain  and  rapidity  of  growth,  more  frequent  association  with  facial 
paralysis,  and  by  its  tendency  to  enlarge  the  lymph  glands.  The 
lymph  gland  lying  near  the  surface  of  the  parotid  may  enlarge  as  the 
result  of  inflammation,  tuberculosis,  or  a  neoplastic  change;' it  is 
distinguished  from  a  parotid  tumor  by  its  uniform  consistency  and 
its  more  superficial  situation. 

The  treatment  is  excision.  Benign  tumors  may  be  enucleated 
through  an  incision  parallel  with  the  course  of  the  facial  nerve. 
Malignant  tumors  require  removal  of  the  entire  gland  through  a 
vertical  incision,  supplemented,  if  need  be,  by  a  transverse  cut 
nmning  forwards  from  the  middle  or  lower  end.  The  dissection 
should  proceed  from  below  upwards,  so  that  the  external  carotid 

41 
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artery  may  be  ligated  in  the  early  part  of  the  operation.  The  facia! 
nerve  is,  of  course,  destroyed,  and  of  this  the  patient  should  be 
previously  warned.  The  operation  is  very  difficult  and  recurrence 
almost  inevitable.  Somewhat  similar  tumors  are  encountered  in  the 
other  salivary  glands,  but  such  are  much  more  easily  excised. 

Salivary  fistula  is  usually  caused  by  disease  or  injury  of  Steno's 
duct,  which  is  about  one-eighth  inch  in  diameter,  opens  into  the 
mouth  opposite  the  second  upper  molar  tooth,  and  is  represented  by  i 
line  drawn  from  the  lowest  part  of  the  cartilage  of  the  ear  to  a  point 
midway  between  the  angle  of  the  mouth  and  the  ala  nasi.  If  small, 
the  fistula  may  sometimes  be  closed  by  cauterization  or  by  sutures, 
first  dilating  any  existing  stricture  in  the  distal  portion  of  the  duct. 
If  this  method  fails  or  if  the  distal  portion  of  the  duct  is  obliterated, 
the  central  portion  may  be  isolated,  and  its  orifice  sutured  to  the 
mucous  membrane  of  the  mouth,  the  external  wound  being  closed. 
Some  surgeons  make  an  opening  from  the  fistula  into  the  mouth,  and 


Fig.  357-—' 


keep  this  opening  patent  by  a  rubber  tube  or  seton,  until  it  is  lined 
with  epithelium;  the  external  opening  is  then  closed.  When  the 
fistula  is  near  the  gland,  a  new  duct  may  be  constructed  from  the 
mucous  membrane  as  shown  in  Fig.  357.  Jianu  cut  the  facial  vein 
at  two  different  points,  anastomosed  the  posterior  end  of  the  isolated 
venous  segment  with  Steno's  duct,  and  the  anterior  end  with  the 
mucous  membrane  of  the  mouth.  Ferrarini  suggests  anastomosing 
the  parotid  with  the  submaxillary  gland.  When  all  other  forms  of 
treatment  fail,  the  nerve  of  secretion  (auriculo-temporal)  may  be 
avulsed,  or  the  gland  removed  (Leriche). 

THE  TONGUE 

Malformations,  such  as  bifid  tongue,  hemiatrophy,  and  total 
absence  of  the  tongue,  are  very  rare.  Tongue-tie,  or  shortness  of  the 
frenum,  may  interfere  with  sucking  and  later  cause  lisping;  the 
frenum  may  be  nicked  with  a  pair  of  blunt  scissors,  and  if  this  does 
not  produce  sufficient  mobilization,  the  rest  of  the  frenum  may 
be  torn  with  the  finger,  thus  avoiding  troublesome  hemorrhage. 
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The  frenum  may  be  abnormally  long  and  allow  the  tongue  to  fall 
backwards  and  interfere  with  respiration.  Ankyloglossia,  in  which 
the  tongue  is  adherent  to  the  floor  of  the  mouth,  may  be  congenital  or 
follow  ulceration  in  this  region.  The  adhesions  should  be  separated, 
a  procedure  which  may  be  very  difficult  in  acquired  cases.  Macro- 
glossia,  or  elephantiasis  of  the  tongue,  is  usually  congenital,  and  is  due 
to  an  increase  in  the  connective  tissue  and  lymphangiectasis.  Lym- 
phatic cysts  and  hypertrophied  papillae  may  be  seen  on  the  surface 
and  recurring  glossitis  augments  the  volume  of  the  organ.  The 
tongue  protrudes  from  the  mouth,  becomes  indurated  and  purplish. 
interferes  with  speech  and  swallowing,  and  causes  deformity  of  the 
teeth  and  jaws.  The  treatment  is  removal  of  a  wedge-shaped 
portion.  Enlargement  of  the  tongue  may  be  caused  also  by  stomati- 
tis particularly  the  syphilitic  variety,  and  is  seen  in  acromegaly  and 
sometimes  in  idiots. 

Wounds  of  the  tongue  are  seldom  serious,  although  in  a  few  cases 
death  from  hemorrhage  has  followed.  Sutures  should  be  of  silk,  as 
the  moisture  and  movements  of  the  tongue  will  quickly  loosen  cat- 
gut. Ordinarily  bleeding  is  controlled  by  closure  of  the  wound, 
although  if  the  ranine  artery  is  opened  a  Ugature  may  be  necessary. 

Acute  parenchymatous  glossitis  is  caused  by  infection  of  the 
tongue  with  pyogenic  organisms.  It  may  arise  from  injuries,  or  from 
stomatitis,  particularly  the  mercurial  form  and  those  varieties 
accompanjdng  low  fevers.  The  tongue  becomes  red  and  painful,  and 
swells  rapidly,  so  that  it  may  protrude  from  the  mouth  and  interfere 
with  speaking,  swallowing,  and  breathing.  Ulceration,  abscess,  or 
even  gangrene  may  follow.  There  is  drooling  of  saliva  and  constitu- 
tional symptoms  of  sepsis.  The  ireatment,  in  the  milder  cases,  is  a 
chlorate  of  potassium  mouth  wash  and  the  sucking  of  particles  of 
ice.  If  the  swelUng  increases,  a  free  incision  should  be  made  into  the 
tongue  on  each  side  of  the  median  line.  In  the  presence  of  threaten- 
ing asphyxia  tracheotomy  will  be  required. 

Abscess  of  the  tongue  may  be  of  an  acute  nature,  but  is  often 
chronic,  and  encapsulated  by  dense  inflammatory  tissue,  which 
often  leads  to  the  diagnosis  of  a  neoplasm.  The  treatment  is  incision 
and  disinfection  with  antiseptic  mouth  washes. 

Acute  superficial  glossitis  is  but  a  part  of  a  general  stomatitis  and 
need  not  be  described  as  a  separate  affection,  although  a  special 
form,  involving  one-half  of  the  tongue  (hemiglossitis) ,  usually  with 
herpes,  and  probably  of  nervous  origin,  occurs. 

Chronic  superficial  glossitis,  or  leukoplakia  {psoriasis  or'ichthy- 
osis  of  the  tongue),  is  commonly  attributed  to  syphilis,  smoking, 
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ivliiskt-y  drinking,  ciironic  dyspepsia,  or  ragged  teeth.  Thin  blui^- 
white  or  yollowish  patches  form  on  the  tongue  (Fig.  358)  and  perhaps 
iin  thf  lips  and  cheeks.  The  di.sease  is  very  chronic  and  is  oiten 
followi-d  by  epithelioma.  In  some  instances?  the  patches  arc  shed 
and  the  tongue  becomes  red  and  glazed  or  cracked  and  fissured. 
The  discomfort  is  usually  slight,  although  in  severe  cases  there  may 
l)L'  marked  tenderness  and  interference  with  speaking  and  eating- 
Thc  Irialmciil  is  removal  of  ail  sources  of  irritation,  such  as  tobacco. 
alcohol,  and  highly  seasoned  food.  The  teeth  should  be  put  in 
order  and  an  alkaline  mouth  wash  used,  such  as  sodium  bicarbonalf 
20  grains  to  the  ounce.     Applications  of  tincture  of  benzoin  or  myrrh 


l-'ir,.   ,(5S.    -L..iikrji.l;.ki,i.      Tlic  patch  is  raiicJ,  nodular,  and  whiliah.      iBu-.lin.l 

itre  usifiil,  the  benzoin  or  myrrh  being  precipitated  as  a  varnish-     j 
t'iiii>lics   should    be  avoided.     If  the  disease  is  not  too  extensive 
excision  of  the  p;itchcs  is  the  best  treatment. 

Hyperkeratosis  linguae  {block  to»gii()  is  a  rare  condition  in  which 
the  muiinis  membrane  just  in  front  of  the  circumvallate  papillx 
beiomes  dark  or  black  anil  covered  with  long,  waving  papillae  rc- 
.-.emldtng  hair:..     The  c<»lor  is  supposed  to  be  due  to  bacteria. 

Ulceration  of  the  tongue  due  to  trauma,  ragged  teeth,  dyspepsia 
and  stomatitis  readily  heals  on  removal  of  the  cause.  Berpetic 
ulcers  follow  herpes,  and  are  treated  with  applications  of  sOvei 
nitrate  and  an  antiseptic  wash.    Lupus  and  actinomycosis  are  rare. 
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Tuberculous  ulcers  may  be  primary,  but  are  usually  secondary  to 
disease  of  the  lungs.  As  a  rule  they  are  on  or  near  the  tip  of  the 
tongue  and  have  sharply  defined  irregular  edges,  pale  flabby  granu- 
lations, and  but  little  Induration.  They  are  very  painful  and  may 
reach  a  large  size.  The  treatment  is  excision.  The  most  important 
ulcers  of  the  tongue  are  the  sj-philitic  and  the  malignant. 

Syphilis  of  Hie  tongue  is  seen  as  the  chancre,  mucous  patches, 
condylomata,  ulcers,  glossitis,  and  gumma.  Syphilitic  ghssilis 
may  be  of  the  chronic  superficial  variety,  or  the  whole  tongue  may  be 
enlarged,  hardened,  and  marked  by  deep  fissures,  which  result  from 
contraction  of  newly  formed  fibrous  tissue.    Gumma  is  usually  on  the 


Pig.  ];i>. — Epithelioma  of  the  tongue.  The  edgea  of  the  ulcer  are  thick  and  everted ; 
the  re»t  of  the  tongue  is  covered  with  a  thick  green-black  fur  due  to  the  foul  condition  of 
the  mouth  and  the  immobility  of  the  lonRue  (Butlin). 

dorsum  near  the  median  line  and  may  be  multiple.  It  is  preceded 
by  a  chancre,  associated  with  lesions  in  other  parts  of  the  body,  is  apt 
.to  occur  in  the  earlier  half  of  life,  is  more  common  in  the  female 
and  begins  as  a  submucous  infiltration  which  finally  ulcerates. 
The  ulcer  is  round  or  oval,  punched  out,  deep,  nearly  painless, 
and  covered  by  the  characteristic  gummy  material.  Induration  is 
slight,  the  submaxillary  glands  frequently  unaffected,  the  tongue 
mobile,  articulation  and  deglutition  but  little  disturbed,  and  cachexia 
abseat.  In  doubtful  cases  a  piece  may  be  excised  for  microscopic 
examination,  a  Wassermann  test  made,  and  the  effect  of  iodid  of 
potusium  internally  tried. 
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Cancer  of  the  tongue  is  always  a  squamous  epithelioma.  It  is 
most  frequent  in  men  after  forty,  and  is  often  preceded  by  some  form 
of  irritation,  such  as  that  produced  by  irregular  teeth,  smoking  or 
chewing  tobacco,  leukoplakia,  or  gumma.  It  may  attack  any  portion 
of  the  tongue,  but  is  most  frequent  in  the  anterior  half  of  the  margin 
of  the  organ.  It  may  begin  as  a  crack  or  nodule,  but  usually  starts 
as  an  ulcer,  which  spreads  rapidly  to  the  floor  of  the  mouth  and  the 
jaw,  so  that  the  tongue  becomes  fixed,  and  articulation  and  degluti- 
tion difficult.  The  ulcer  is  surrounded  by  an  indurated  area  and  is 
often  exceedingly  painful.  The  edges  are  thick  and  everted,  the 
base  foul  and  sloughing,  and  the  discharge  fetid  (Fig.  359).  There  is 
incontinence  of  saliva,  and  bleeding  occurs  on  slight  provocation. 
The  submaxillary  glands  are  involved  early  and  cachexia  promptly 
supervenes.  The  condition  is  easily  recognized  in  the  later  stages, 
but  at  the  onset  the  diagnosis  may  be  impossible  without  a  micro- 
scopic examination,  which  should  be  promptly  made  in  all  doubtful 
cases. 

The  treatment  is  excision  of  the  growth  with  the  lymphatic  area 
into  which  it  drains.  Without  operation  death  generally  occurs  in 
from  one  year  to  eighteen  months;  with  early  and  thorough  operation 
20  per  cent.,  according  to  Butlin,  remain  free  from  recurrence  after 
three  years.  Very  small  growths  may  be  removed  by  a  V-shaped  or 
ellipitcal  incision  which  is  subsequently  sutured,  but  in  most  in- 
stances it  will  be  necessary  to  remove  half  or  all  of  the  tongue.  The 
teeth  should  first  be  cleansed  by  a  dentist,  and  the  mouth  rinsed 
every  three  or  four  hours  with  an  antiseptic  mouth  wash.  The 
mortality  of  excision  is  about  5  per  cent.,  most  deaths  occurring  from 
septic  pneumonia,  the  result  of  inhalation  of  blood  and  wound 
discharges,  hence  the  patient  should  be  put  in  the  Trendelenburg  or 
the  Rose  posture  during  operation.  Some  surgeons  perform  a 
preliminary  tracheotomy,  and  pack  the  pharynx  with  gauze  at  the 
time  of  operation,  but  this  is  unnecessary  if  one  employs  intratracheal 
insufflation  anesthesia. 

Whitehead's  operation  consists  in  removal  of  the  tongue  through 
the  mouth.  The  jaws  are  separated  by  a  gag  and  the  tongue  dra^n 
forward  by  a  ligature  passed  through  its  tip.  The  tongue  is  then 
separated,  with  the  sublingual  gland,  from  the  floor  of  the  mouth 
by  scissors,  the  lingual  arteries  being  seized  with  forceps  before  they 
are  cut.  A  ligature  is  now  passed  through  the  glosso-epiglottic 
fold,  and  the  tongue  severed  in  front  of  the  ligature.  The  ligature 
is  left  in  place  twenty-four  hours,  in  order  to  pull  the  q)iglottis 
forward  if  there  be  bleeding  or  trouble  with  breathing.     The  wouiw 
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is  painted  with  Whitehead's  varnish  (Friar's  balsam  in  which  the  alco- 
hol is  replaced  by  a  saturated  solution  of  iodoform  in  ether),  or  com- 
pound tincture  of  Benzoin.  The  cervical  lymph  glands  are  then 
removed.  Most  surgeons,  however,  prefer  to  excise  the  glands  first, 
as  this  permits  Ugation  of  the  lingual  artery  and  postpones  invasion 
of  the  mouth  until  the  clean  part  of  the  operation  is  finished.  The 
patient  sits  up  as  soon  as  the  effects  of  the  anesthetic  have  passed,  and 
is  fed  by  mouth  from  the  beginning,  or,  if  need  be,  by  the  nasal  tube 
or  by  the  rectum.  Removal'  of  half  of  the  tongue  is  accomplished 
in  the  same  manner,  except  that  the  organ  is  split  in  the  middle  line. 

Keeker's  operation  is  indicated  in  cases  in  which  the  floor  of  the 
mouth  or  the  jaw  is  involved.  An  incision  is  made  from  below  the 
symphysis  to  above  the  hyoid  bone,  then  to  the  anterior  margin 
of  the  sterno-mastoid,  and  lastly  upwards  to  the  mastoid  process. 
The  flap  is  turned  upwards  and  all  the  lymphatic  glands  in  this  region, 
with  the  submaxillary  salivary  gland,  excised,  the  lingual  and  facial 
arteries,  or,  perhaps  better,  the  external  carotid  being  ligated.  The 
hyoglossus  and  mylohyoid  muscles  are  divided  and  the  mouth  entered. 
The  tongue  is  drawn  through  this  opening,  and  divided  close  to  the 
epiglottis  and  hyoid  bone.  The  same  precautions  as  in  the  White- 
head operation  should  be  taken  in  regard  to  the  stump  of  the  tongue. 
The  incision  in  the  neck  is  partly  closed,  and  the  cavity  packed  with 
gauze.  The  patient  is  fed  through  the  nose  or  per  rectum,  until  the 
power  of  deglutition  returns.  The  mouth  and  the  wound  should  be 
irrigated  frequently  with  boric  acid  or  salt  solution. 

Sedillot's  operation  is  performed  by  dividing  the  lower  lip  in  the 
median  line  and  extending  the  incision  to  the  hyoid  bone.  The  lower 
jaw  is  sawed  through  in  the  middle  line  and  the  two  halves  retracted. 
The  tongue  is  then  removed  with  scissors  or,  as  performed  by  Kocher, 
who  has  recently  adopted  this  operation,  with  the  cautery.  A  small 
amount  of  xeroform  is  rubbed  into  the  wound,  the  divided  jaw  wired, 
and  the  wound  in  the  soft  parts  closed  except  below,  where  a  gauze 
drain  finds  exit. 

Sarcoma,  benign  tumors,  and  cysts  occur  in  the  tongue  but  are 
ver>'  rare. 

THE  MOUTH,  JAWS,  AND  PHARYNX 

Stomatitis,  or  inflammation  of  the  mouth,  may  be  caused  by 
mechanical  or  chemical  irritants,  dyspepsia,  fevers,  and  by  a  specific 
fungus,  oidium  albicans  (thrush).  The  simple  catarrhal  form  presents 
the  ordinary  phenomena  of  inflammation,  and  quickly  subsides 
when  the  cause  is  removed.    Aphthous  stomatitis  occurs  as  small 
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whitish  vesicles,  which  form  ulcers  surrounded  by  a  red  areola.  It  is 
seen  in  children  with  digestive  disturbances.  Ulcerative  stomaliiis 
occurs  in  debilitated  children,  and  in  adults  with  diabetes  or  Bright's 
disease.  Attention  has  already  been  called  to  gangrenous,  syphilitic, 
and  mercurial  stomatitis.  Certain  forms  of  skin  eruptions  also  may 
attack  the  mucous  membrane  of  the  mouth.  The  treatment  of 
stomatitis  is  removal  of  the  cause,  attention  to  the  general  health, 
proper  feeding,  and  the  use  of  a  mouth  wash  containing  chlorate  of 
potash.     Ulcers  may  be  touched  with  silver  nitrate. 

Pyorrhea  alveolaris  (Riggs^  disease)  is  characterized  by  a  collection 
of  tartar  and  chronic  suppuration  beneath  the  margins  of  the  gums, 
which  atrophy  and  recede  from  the  teeth,  leaving  them  loose.  It 
may  be  responsible  for  fetid  breath,  dyspepsia,  anemia,  cervical 
adenitis,  and  various  forms  of  so-called  cryptogenic  sepsis.  The 
treatment,  which  can  be  carried  out  only  by  a  dentist,  consists  in 
removal  of  the  tartar  and  frequent  antiseptic  treatment. 

Alveolar  abscess  is  due  to  irritation  from  a  decayed  tooth.  When 
superficial  it  is  known  as  gum  boil.  Occasionally  the  pus  passes 
beneath  the  periosteum  and  causes  necrosis  of  the  jaw.  In  the 
upper  jaw  the  antrum  may  be  opened,  in  the  lower  jaw  the  pus  may 
point  in  the  neck.  The  treatment  is  drainage  of  the  abscess  ca\"ity, 
and  generally  extraction  of  the  tooth.  If,  however,  the  tooth  is 
but  slightly  diseased,  it  may  be  saved  by  appropriate  dental 
treatment. 

Necrosis  of  the  jaw  may  be  caused  by  injury,  caries  of  the  teeth, 
phosphorus,  arsenic,  mercury,  syphilis,  tuberculosis,  actinomycosis, 
and  the  exanthemata.  The  symptoms  in  the  beginning  are  pain, 
swelling  of  the  face  and  gums,  fever,  and  the  formation  of  an  abscess. 
which  may  point  in  the  mouth,  or  externally  on  the  face  or  neck. 
The  discharge  is  offensive,  and  dead  bone  can  be  felt  ^ath  the  probe, 
or  seen  with  the  X-ray.  An  involucrum  may  form  in  the  lower  ja*- 
hut  is  uncommon  in  the  upper  jaw.  The  treatment  is  incision  for 
the  purposes  of  drainage,  and  antiseptic  mouth  washes  until  the  se- 
questrum is  loose,  when  it  should  be  removed  through  the  nKc:::- 
or  if  this  is  not  possible,  by  an  external  incision.  The  defect  MJ" 
be  closed  by  one  of  the  methods  to  be  mentioned  under  excisiv^s  <^ 
the  lower  jaw. 

C3rsts  of  the  jaws  generally  arise  in  connection  with  the  teeth-  oc 
are  the  result  of  a  cystic  change  in  solid  tumors,  particularly  saroaifl*' 
and  epithelioma.  Dental  Cysts  occurring  in  connection  with  oac 
pletely  developed  teeth  are  of  inflammatory  origin,  the  fluid  coflpct- 
ing  between  the  root  and  the  peridental  membrane.    The 
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:traction  of  the  tooth.  Deniigerous  cysis  (follicular  odontomata, 
1.  xiii)  are  caused  by  the  non-eruption  of  a  tooth.  The  swelling 
first  hard,  but  later  egg-shell  crackling  may  be  noted.  Occasion- 
suppuration  occurs.  The  permanent  tooth  is  absent,  but 
^times  the  milk  tooth  persists,  and  may  be  mistaken  for  a 
lanent  one  unless  an  X-ray  examination  is  made.  The  treatmenl 
cision  of  the  anterior  wall  of  the  cyst,  removal  of  the  unerupted 
h.  and  gauze  packing.  Fibrocystic  disease  0/  the  lower  ja'u.' 
.helial  odontome)  is  a  multilocular  cystic  formation,  which  may 
in  a  great  size,  and  is  most  frequently  observed  in  the  young, 
is  been  mistaken  for  sarcoma.  The  treatment  is  excision. 
'lunors  of  the  jaws  comprise  the  fibroma,  enchondroma,  osteoma, 
itoma  (chap,  xiii),  sarcoma,  and  epitheHoma.  In  many 
>rs  of  the  jaws,  especially  in  the  young,  one  should  first  make 
by  X-ray  examination,  puncture,  or  even  incision,  that  the 
th  is  not  a  benign  cyst,  before  deciding  on  extirpation.     Epulis 
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term  apphed  to  tumors  originating  in  the  alveolar  periosteum. 
nple  epulis  is  smooth,  round,  red,  elastic,  and  generally  iibroma- 

in  nature.  It  may  ulcerate  or  become  ossified.  A  malignant 
Is  (Fig.  360J  is  a  myeloid  sarcoma,  which  is  soft  and  purplish, 
's  rapidly,  bleeds  easily,  and  may  ulcerate.  The  treatment  of 
is  is  excision  of  the  alveolar  process  as  far  as  one  tooth  on  each 

of  the  growth.  Fibroma  and  enchoDdroma  are  more  apt  to 
-•ar  early  in  life,  grow  slowly,  and  sometimes  recur  after  removal, 
ibiy  because  of  the  presence  of  some  sarcomatous  tissue.  The 
tment  is  removal,  with  that  portion  of  the  jaw  to  which  they  are 
ched.  Osteoma  occurs  later  in  life  and  sometimes  follows  injury 
flammation  of  the  bone.     It  should  be  removed.    Sarcoma  (Fig. 

may  occur  at  any  period  of  life,  and  is  the  most  frequent  form 
imor  attacking  the  jaws.  It  may  be  of  any  variety.  The  soft 
IS  (containing  round  cells)  grow  rapidly  and  invade  or  displace 
surrounding  structures;  thus  in  the  upper  jaw  there  may  be  a 
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projection  beneath  the  cheek,  depression  of  the  palate,  obstructioD 
of  the  nose  with  the  discharge  of  blood  or  pus,  epiphora,  exophthal- 
mos, and  severe  pain  owing  to  implication  of  the  nerves.  Epifliefioma 
occurs  in  the  later  period  of  life,  and  begins  in  the  mucous  membrane 
of  the  mouth,  nose  or  antrum.  The  symptoms  are  much  like  those 
of  sarcoma,  but  ulceration  is  more  frequent  and  the  lymphatic 
glands  are  quickly  involved.  The  treatment  of  sarcoma  and  epitheli- 
oma is  partial  or  complete  excision  of  the  jaw,  according  to  the  extent 
of  the  growth. 

Ezdsion  of  the  upper  jaw  may  be  required  for  the  removal  of 
growths  within  or  behind  the  bone.    Inspiration  of  blood  is  pre- 
vented by  placing  the  patient  in  the  Rose  position,  and  employing 
intratracheal  insufflation  anesthesia.    Bleeding  may  be  lessened  by 
ligation  of  the  external  carotid,  or  by  temporary  occlusion  of  the 
common  carotid  by  means  of  Crile's  clamp.    An  incision  is  made  from 
the  malar  bone  along  the  margin  of  the  orbit  to  half  an  inch  below  the 
inner  canthus,  thence  downwards  along  the  side  of  the  nose  and 
around  the  ala  to  the  median  line,  at  which  point  the  upper  lip  is 
divided.    The  flap  is  reflected,  and  the  malar  bone  and  nasal  process 
divided  with  a  saw,  after  the  infraorbital  periosteum  has  been  separated 
and  carefully  retracted  upwards.    The  central  incisor  tooth  of  the 
affected  side  is  extracted,  and  the  mucous  membrane  of  the  roof  of 
the  mouth  divided  in  the  median  line  as  far  as  the  soft  palate,  and 
then  transversely  between  the  hard  and  soft  palates.     A  narrow  saw 
is  now  passed  into  the  nose,  and  the  alveolus  and  hard  palate  di\'ided 
from  before  backwards.    The  bone  is  seized  with  lion-jawed  forceps 
and  twisted  from  its  bed  by  fracturing  the  pterygoid  processes  and 
the  lateral  mass  of  the  ethmoid.     The  bleeding  vessels  are  caught  and 
tied,  and  the  cavity  filled  with  gauze  packing.    The  entire  skin 
wound  is  sutured,  the  gauze  being  subsequently  removed  and  irriga- 
tions practised  through  the  mouth.    The  patient  is  at  first  fed  by 
the  rectum  or  by  an  esophageal  tube.     The  resulting  deformity  may 
be  corrected  by  means  of  an  obturator  and  cheek-plate. 

Temporary  resection  of  the  upper  jaws  (Kocher)  is  useful  in 
exposing  certain  nasopharyngeal  growths.  The  upper  lip  is  split 
into  one  nostril  and  both  flaps  separated  from  the  bone.  The  alve- 
olar process  and  palate  are  then  split  in  the  middle  line  with  a 
chisel,  and  both  upper  jaws  divided  horizontally  on  a  level  with  the 
lower  portion  of  the  nasal  processes,  thus  permitting  retraction.  At 
the  completion  of  the  operation  the  bones  are  wired  in  place. 

Excision  of  the  lower  jaw  is  performed  for  tumors  and  necrosis. 
Small  portions  of  the  jaw  can  often  be  resected  through  the  mouth. 
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If  the  symphysis  is  removed,  the  muscles  attached  to  the  genial 
tubercles  are  divided,  and  a  ligature  must  be  passed  through  the 
tongue  to  prevent  its  falling  backwards.    The  periosteum  should 
be  preserved  whenever  possible.    Resection  of  the  entire  lower  jaw 
is  performed  by  dividing  the  bone  in  the  median  line  and  dealing 
with  each  half  separately.    The  incision  for  removal  of  one-half  the 
lower  jaw  is  made  from  below  the  free  margin  of  the  lower  lip  down- 
wards in  the  median  line,  then  along  the  under  surface  of  the  jaw  and 
upwards  along  the  posterior  border  of  the  ramus  to  below  the  line 
for  the  facial  nerve.    The  facial  vessels  are  tied,  the  soft  parts 
separated  from  the  bone,  thie  central  incisor  tooth  extracted,  and  the 
jaw  sawed  thi*ough  the  empty  socket,  thus  avoiding  the  genial  tuber- 
cles.   By  pulling  the  bone  outwards  the  internal  soft  parts  can  be 
separated  and  the  inferior  dental  artery  tied.    The  jaw  is  now  de- 
pressed and  the  coronoid  process  and  the  condyle  separated  by  cut- 
ting close  to  the  bone,  recalling  that  the  internal  maxillary  lies  very 
near  the  condyle.    The  buccal  mucous  membrane  is  sutured  to  that 
of  the  floor  of  the  mouth  and  the  external  wound  closed.    In  order  to 
correct  the  resulting  deformity,  which  is  increased  by  the  passage  of 
the  remaining  half  of  the  bone  towards  the  aflFected  side,  splints  of 
alimiiniimi,  hard  rubber,  and  even  bone  grafts  (rib,  crests  of  tibia) 
have  been  inserted.    Morestin  implants  a  piece  of  bone  or  cartilage 
beneath  the  skin  of  the  arm,  and,  after  vascular  connections  have 
been  obtained,  transplants  it  by  the  Italian  method  to  the  jaw. 
Operations  of  this  character  are  less  apt  to  succeed  here  than  else- 
where, because  complete  asepsis  cannot  be  secured. 

Closure  of  the  jaws  may  be  caused  by  ankylosis  of  the  temporo- 
maxillary  joint  the  result  of  injury  or  inflammation;  cicatricial  contrac- 
tion of  the  soft  parts  following  noma,  burns,  etc.;  trismus  (spasm  of 
the  muscles),  the  result  of  tetanus,  hysteria,  or  local  causes,  such  as 
an  unerupted  wisdom  tooth  or  caries  of  the  teeth;  and  by  inflammatory 
or  neoplastic  lesions  which  mechanically  interfere  with  opening  of 
the  mouth,  e.g.,  mumps  and  malignant  growths.     (Fig.  109.) 

The  treatment  of  temporary  closure  of  the  jaws  depends  upon  the 
cause.  Permanent  closure  due  to  bony  or  fibrous  ankylosis  of  the 
temporomaxillary  joint  is  best  treated  by  resection  of  the  condyle, 
with  the  interposition  o£  a  flap  fromr  the  temporal  or  masseter  muscle. 
The  dangers  are  injury  to  the  facial  nerve  and  internal  maxillary 
artery.  When  the  jaws  are  bound  together  by  extra-articular  cicatri- 
ces, a  wedge-shaped  section  of  bone,  with  the  apex  towards  the  alveo- 
lar process,  should  be  excised  in  front  of  the  cicatrix,  and  a  false 
joint  established  by  the  interposition  of  muscle  or  fascia. 
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Cleft  palate  is  a  congenital  deformity  caused  by  failure  of  thr 

palatine  processes  to  unite.    Begimung  posteriorly  the  cleft  may 

extend  a  variable  distance,  the  mildest  form  presenting  itself  asi 

bifid  uvula,  and  the  severest  form  as  a  wide  cleft  involving  the  whole 

palate  and  dividing  anteriorly  to  embraa 

the  OS  incisivum  and  the  middle  segmeot 

of  the  upper  lip.    The  septum  of  the  nest 

may  be  free  or  it  may  have  united  with  one 

of  the  palatine  processes,  usually  the  right. 

Cleft  palate  interferes  with  sucking  and  ia 

later  life  with  swallowing  and  articulation. 

Operation  may  be  performed  in  eaHy 

Pig.  362.-2  and  0-    Line  infancy  if  the  patient  is  in  eood  condition. 

of  separation  of  attathmenls   ~  ,  ,  .  ■! 

of  velum  to  hard  palate.    X,  Somc  sutgeons,  howevcr,  prefer  to  Wait  Until 

PCTio'atmm "continuous"'" ith  '■^^  sccoud  or  third  year,  the  patient  being 
the  velum)  is  separated  from  fed  in  the  meantime  with  a  spoon  or  tube 
with  the  head  thrown  well  back.  All  agree 
that  operation  should  be  done  before  habits  of  faulty  articulation  have 
developed.  If  there  is  an  associated  hare-lip  the  cleft  palate  should 
be  closed  first.  At  the  time  of  operation,  preferably  in  the  spring 
or  summer,  the  child  should  be  free  of  local  and  general  disease 
The  nose  and  mouth  should  be  cleansed  for  a  few  days  before  opera- 
tion with  a  solution  of  boric  acid.     The  child  is  anesthetized  wili 
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ether  placed  in  the  Rose  or  the  Trendelenburg  posture,  andamouw 
gag  introduced. 

Staphylorrhaphy,  or  suture  of  the  soft  palate  alone,  isperfonnea 
by  paring  the  edges  of  the  cleft,  which  is  then  united  with  silk  sutureS' 
If  this  cannot  be  done  without  too  great  tension,  relaxation  mzy^ 
secured  by  dividing  the  tissues  which  attach  the  soft  to  the  haw 
palate,  excepting  the  oral  mucous  membrane,  and  by  undenmmnS 
the  muco-periosteura  of  the  hard  palate  (Fig.  362).  Division  of  the 
muscles  of  the  soft  palate  is  not  advisable. 
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inoplasty,  or  suture  of  the  hard  palate,  may  be  performed  as 
::  The  edges  of  the  cleft  are  pared  with  a  tenotome  (Fig.  ^63), 
e  muco-periosleum  separated  from  the  hard  palate  with  a 
eal  elevator  {Fig.  364)  as  far  as  the  alveolar  process,  being 
to  avoid  injury  to  the  vessels  passing  through  the  anterior 
>sterior  palatine  canals  The  soft  palate  is  separated  from 
rd  palate  as  m  staphylorrhaphy.    The  edges  are  now  united 


ir-^ 
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itemipted  sutures  of  silkworm  gut.  If  the  edges  do  not  come 
er  without  tension,  an  incision  on  one  or  both  sides  is  made 
h  the  muco-periosteum  near  the  alveolus,  from  the  lateral 
tooth  to  the  posterior  edge  of  the  hard  palate.  Tension  may 
r  be  relieved  by  dividing  the  hamular  process  with  a  chisel, 
surgeons  chisel  also  through  the  hard  palate  on  each  side,  pry 
one  inwards,  and  pack  the  resulting  gap  with  gauze.    Al- 


Pic.  36 «. 


1  special  needles  are  recommended  for  this  operation,  a  sharply 
1  needle  and  a  needle  holder  are  sufficient  for  every  purpose. 
]tures  remain  in  place  ten  days,  during  which  time  hquid  or 
od  only  should  be  given.  Antiseptic  sprays  may  be  employed, 
y's  operation  is  applicable  during  the  first  six  months  of  life 
ie  bones  are  still  soft.  By  means  of  a  special  needle,  a  loop 
then  a  piece  of  silver  wire,  is  passed  through  both  upper  jaws 
the  palate  just  behind  the  malar  processes.    A  second  piece  of 


6S4  MANUAL   OF   SURGERY 

wire  is  passed  through  the  anterior  portion  of  the  upper  jaw,  and  the 
ends  of  these  wires  are  twisted  together  over  a  lead  plate  while  the 
cleft  is  closed  by  pressing  the  two  superior  maxillary  bones  together, 
the  edges  of  the  cleft  having  previously  been  pared.  Fig.  365  illus- 
trates a  plan  in  which  the  lower  part  of  the  septum  is  used  to  close  a 
unilteral  cleft  palate.  The  septum  is  severed  at  X,  and  the  lower  por- 
tion sutured  to  the  pared  edge  of  the  free  palatine  process.  Figs. 
366,  367,  and  368  illustrate  other  operations  for  cleft  palate.  In 
about  one-half  of  the  cases  a  second  operation  is  required.  A  cleft 
may  be  closed  also  by  means  of  an  obturator,  fitted  by  a  dentist. 

Perforations  of  the  palate  are  usually  caused  by  syphilis,  occasion- 
ally by  traumatism  or  lupus.  If  the  local  disease  is  cured,  the 
perforation  may  he  closed  by  a  plastic  operation,  although  in  most 
syphilitic  cases  better  results  are  obtained  by  the  use  of  obturators. 

Elongatioii  of  the  uvula  when  troublesome  may  be  remedied  by 
removing  the  lower  portion  with  scissors. 

Suppurative  tonsilitiSy  or  quinsy,  may  follow  exposure  to  cold  or 
polluted  air.  Certain  individuals  are  predisposed  to  this  aflFection 
particularly  during  adolescence.  The  tonsils,  the  fauces,  and  the 
soft  palate  are  swollen  and  edematous,  causing  interference  with 
breathing,  swallowing,  and  speaking.  There  are  pain  in  the  throat, 
enlargement  of  the  cervical  glands,  and  marked  constitutional 
symptoms.  Both  tonsils  may  be  involved,  and  the  patient  may  be 
unable  to  open  the  mouth.  The  treatmetU  in  the  initial  stage  is  an 
ice  bag  externally,  scarification  of  the  tonsil,  a  chlorate  of  potash 
gargle,  and  symptomatic  internal  treatment.  When  .pus  forms,  the 
abscess  may  be  opened  with  a  sharp  pointed  tenotome,  the  incision 
being  parallel  with  the  anterior  pillar  of  the  fauces  and  directed 
towards  the  middle  line. 

Hypertrophy  of  the  tonsils  is  most  frequent  in  children  and  indeed 
may  be  congenital.  It  may  follow  repeated  acute  attacks  of  inflam- 
mation and  is  often  a  manifestation  of  a  tuberculous  diathesis.  It  is 
usually  associated  with  adenoids  and  hence  presents  the  same 
symptoms  as  the  latter.  Caseous  and  calcareous  concretions  may 
form  in  the  crypts  of  the  tonsils,  and  cysts  occasionally  develop  from 
blocking  of  the  orifices  of  the  follicles.  The  treatment  is  attention 
to  the  general  health  and  removal  of  a  portion  (tonsDlotomy)  or  of 
the  whole  gland  (enucleation).  The  galvanocautery  is  often  re- 
commended in  adults  because  of  the  greater  risk  of  severe  hemor- 
rhage at  this  time  of  life.  Tonsillotomy  may  be  performed  with  a 
bistoury,  the  guillotine  or  with  a  wire  sware.  In  the  first  instance 
the  tonsil  is  drawn  inwards  with  a  tenaculum,  and  removed  by 
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cutting  from  below  upward  with  a  blunt  pointed  bistoury,  the 
blade  of  which  is  wrapped  to  within  an  inch  of  the  point  with  adhesive 
plaster.  The  guillotine,  or  tonsillotome  (Fig.  369),  facilitates  the 
operation.  The  ring  of  the  instrument  is  passed  over  the  tonsil, 
which  is  pressed  inwards  with  the  fingers  behind  the  angle  of  the  jaw, 
then  by  approximating  the  fingers  and  thumb  the  tonsil  harpooned , 
and  amputated  with  the  ring-shaped  knife.  Before  either  operation 
adhesions  to  the  arches  of  the  palate  should  be  separated.  Enuclea^ 
tion  is  now  preferred  to  tonsillotomy,  as  after  the  latter  the  portion 
of  gland  left  behind  may  lead  to  recurrence.  With  a  finger  or  blunt 
dissector  the  tonsil  is  shelled  from  its  bed,  and  then  expressed  from 
between  the  f  aucial  pillars  with  an  6craseur,  blunt  tonsillotome  or  wire 
sware.  Hemorrhage  after  these  operations  usually  ceases  promptly, 
but  occasionally  persists,  the  blood  coming  from  the  tonsillar  branch 
of  the  facial.    If  it  cannot  be  controlled  by  adrenalin  and  pressure, 


Pig.  369. — Tonsillotome.         (Zuckerkandl.) 


the  wound  should  be  united  by  deep  sutures;  rarely  will  it  be  neces- 
sary to  tie  the  external  carotid. 

Tumors  of  the  tonsils  are  generally  malignant,  lympho-sarcoma 
being  the  most  frequent  variety.  Epithelioma  is  usually  secondary. 
Both  these  growths  cause  enlargement  of  the  lymph  glands,  interfere 
with  deglutition  and  respiration,  and  undergo  ulceration,  which 
often  causes  a  serious  or  fatal  hemorrhage.  The  treatment  is 
extirpation.  A  small  encapsulated  sarcoma  may  be  enucleated 
through  the  mouth,  but  most  malignant  growths  will  have  to  be 
dealt  with  from  the  neck.  An  incision  is  made  along  the  anterior 
border  of  the  sternomastoid,  the  lymphatic  glands  removed,  the 
external  carotid  tied,  and  the  growth  excised.  It  may  be  necessary 
to  divide  the  lower  jaw,  or  to  incise  the  cheek  from  the  angle  of  the 
mouth  backwards. 

Retropharyngeal  abscess  may  be  acute  or  chronic,  and  is  most 


6s6  MANUAL   OF   SURGERY 

frequent  in  children.  Acute  abscesses  may  be  caused  by  forcig 
bodies,  or  by  infection  of  the  lymph  glands  in  this  region,  whic 
drain  the  nose  and  nasopharynx.  The  chronic  form  is  usually  th 
result  of  caries  of  the  spine  or  base  of  the  skull,  and  is  not  associate 
with  the  fever  and  inflammatory  phenomena  characteristic  of  th 
former.  In  either  case  the  posterior  wall  of  the  phar>Tix  bulge 
forward,  exhibits  fluctuation,  and  may  interfere  with  deglutition  am 
respiration.  If  unopened,  the  abscess  will  break  into  the  pharyni 
point  externally  in  the  neck,  or  gravitate  into  the  posterior  mediasti 
num.  The  treatment  is  evacuation  through  the  mouth  in  acute  cases 
and  through  the  neck  in  chronic  cases,  as  in  the  latter  secondar 
infection  should  be  prevented.  When  the  abscess  is  to  be  openec 
through  the  mouth,  the  head  should  hang  over  the  edge  of  the  tabl< 
in  order  to  prevent  the  entrance  of  pus  into  the  air  passages,  and  the 
abscess  opened  with  a  knife,  the  edge  of  which  is  covered  with  adhe- 
sive plaster  to  near  the  point,  or  a  pair  of  sharp  pointed  curved 
hemostats  may  be  thrust  into  the  abscess  and  withdrawn  while 
opened.  Anesthesia  is  dangerous.  When  the  abscess  is  opened 
through  the  neck,  an  incision  is  made  along  the  posterior  border  of 
the  sternomastoid  from  the  apex  of  the  mastoid  downwards,  unless 
the  abscess  points  in  some  other  region.  The  finger  or  a  pair  oi 
forceps  is  passed  along  the  anterior  surface  of  the  bodies  of  the 
vertebra?  and  a  drainage  tube  inserted. 

THE  ESOPHAGUS 

The  esophagoscope  is  a  long,  straight,  cylindrical  speculum, 
illuminated  by  an  electric  lamp,  best  placed,  as  in  the  Jackson  instru- 
ment, at  the  distal  end.  For  esophagoscopy  anesthesia  is  not  essent- 
ial, although  the  pharynx  and  the  upper  end  of  the  esophagus  ma)' 
be  cocainized  if  the  operator  so  desires.  The  esophagus  below  its 
pharyngeal  opening  is  insensitive.  Etherization  renders  the  opera- 
tion less  difficult,  hence,  unless  contraindicated,  may  be  selected  by 
the  beginner.  Cocain  is  dangerous  in  children*  and  if  there  is  * 
foreign  body  in  the  esophagus  pressing  on  the  trachea,  ether  should 
not  be  given  except  by  intratracheal  insufflation.  The  patient 
lies  on  the  back  with  the  head  extending  over  the  end  of  the  table.  An 
assistant  places  his  right  forearm  beneath  the  neck  of  the  patient 
and  holds  the  forehead  with  his  right  hand.  "The  esophagoscope 
is  inserted  at  the  right  of  the  patients'  tongue,  and  the  pyrifofltt 
sinus  sought  immediately  to  the  right  of  the  right  arytenoid.  Oni* 
the  tube  is  in  the  sinus,  very  gentle  pressure  is  used,  and  the  hmM 
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of  the  mouth  of  the  esophagus  is  watched  for  and  followed  at  the 
moment  of  inspiration.  Absolutely  no  force  should  be  used,  and  no 
attempt  to  advance  the  tube  should  be  made  except  when  the  patient 
takes  a  deep  breath.  It  is  the  spasm  of  the  inferior  constrictor 
at  the  cricoid  level  that  gives  the  trouble.  Once  this  is  passed,  the 
lumen  of  the  cervical  esophagus  is  easily  explored,  and  the 
thoracic  esophagus  opens  widely  at  each  recurrence  of  the 
inspiratory  negative  intrathoracic  pressure.  Passing  the  hiatus 
esophageus  requires  a  moment  for  relaxation  of  the  spasm,  and  the 
tube  must  be  directed  slightly  upward  (patient  recumbent)  and  to 
the  left''  (Jackson).  As  with  the  bronchoscope  suitably  constructed 
forceps  are  provided  for  the  removal  of  foreign  bodies  and  bits  of 
tissue.  Instruments  for  applying  medicaments  to  the  wall  of  the 
esophagus,  for  cutting  or  divulsing  strictures,  etc.,  also  are  employed. 

Congenital  malfonnations  of  the  esophagus  include  fistulae 
diverticula,  and  cystic  growths,  such  as  have  already  been  mentioned 
in  speaking  of  the  branchial  clefts.  Stenosis,  atresia  and  absence  of 
the  esophagus  also  have  been  noted,  as  well  as  double  esophagus  and 
opening  of  the  esophagus  into  the  trachea. 

Acquired  diverticula  occur  in  three  forms.  Pulsion  or  pressure 
diverticula  most  frequently  originate  during  the  latter  half  of  life. 
The  favorite  site  is  in  the  posterior  wall  at  the  junction  of  the  pharynx 
and  esophagus,  at  which  point  there  are  few  muscular  fibres.  Further, 
there  exists  at  the  beginning  of  the  esophagus  a  normal  constriction 
which  favors  increased  pressure  on  this  weak  point  during  degluti- 
tion. When  consisting  of  mucous  membrane  alone,  a  diverticulum 
is  sometimes  called  a  pharyngocele.  A  sacculation  may  also  be  formed 
from  the  pressure  of  food  above  a  stricture.  Traction  diverticula 
are  due  to  the  contraction  of  scar  tissue,  such  as  may  follow  inflamma- 
tion of  the  bronchial  glands,  hence  they  are  most  frequent  on  the 
anterior  wall  near  the  bifuraction  of  the  trachea.  They  are  usually 
small,  seldom  cause  trouble,  and  are  recognized  at  postmortem  only. 
Pseudodivertictda  are  formed  by  the  cavity  of  an  abscess  or  cyst  which 
has  emptied  into  the  esophagus. 

The  symptoms  of  pressure  diverticula  are  dysphagia,  a  swelling  of 
the  neck  after  taking  food,  rising  and  falling  with  deglutition,  when  it 
contains  fluid  and  air  a  succussion  sound  may  be  obtained  and  the 
patient  may  notice  a  gurgling  in  the  neck  and  regurgitation  after 
taking  more  food,  owing  to  the  pressure  of  the  distended  sac  on  the 
esophagus,  or  when  the  sac  is  pressed  upon  with  the  fingers.  Cough 
and  dyspnea  may  arise  from  pressure  on  the  trachea  or  nerve  irrita- 
tion.   A  bougie  may  enter  the  sac  at  one  time  and  pass  along  the 
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esophagus  at  another.  Plummer  passes  a  bougie,  threaded  on  silk' 
as  described  under  stricture  of  the  esophagus.  If  a  stricture  is 
encountered  the  level  of  the  tip  of  the  bougie  is  not  affected  by 
tightening  the  thread,  but  if  there  is  a  diverticulum,  the  tip  ascends 
to  the  opening  into  the  esophagus,  then  descends  in  the  esophagus. 
After  a  bismuth  meal  the  sac  mav  be  outlined  with  the  X-ravs. 
Examination  with  the  esophagoscope  may  reveal  the  opening  in  the 
sac.  One  half  of  those  untreated  die  of  inanition,  inspiration  pneu- 
monia, and  perforation  of  the  diverticulum.  The  treatment  is  ind- 
sion  along  the  anterior  edge  of  the  left  sternomastoid  (the  esophagus 
inclines  towards  the  left),  retraction  of  the  muscle  and  the  carotid 
vessels  to  the  left  and  the  trachea  to  the  right,  isolation  and  ampu- 
tation of  the  diverticulum  (which  may  be  identified  with  a  bougie), 
suture  of  the  opening  in  the  esophagus,  and  gauze  drainage. 

Idiopathic  dilatation  of  the  esophagus  (carcf/e^j/^osm)  is  character- 
ized by  atony  and  dilatation  of  the  gullet  with  spasm  of  the  cardia; 
which  of  these  is  the  primary  lesion  is  a  matter  of  dispute.     It  may 
be  associated  with  esophagitis  or  disease  of  the  stomach  or  liver,  but 
in  many  instances  no  cause  for  the  spasm  can  be  found,  beyond  the 
fact  that  the  patient  is  nervous.     The  symptoms  are  first  those  of 
spasmodic  stricture,  and,  as  the  spasm  becomes  continuous,  those  of 
organic  stricture  (vide  infra).     The  X-ray  and  the  esophagoscope 
are  important  aids  in  making  a  diagnosis.     If  due  to  functional 
disease  of   the   nervous  system  treatment  with  atropin  is  useful. 
Bromids,  and  valerian  may  also  be  tried.     If  these  fail  instruments 
should  be  used.     The  treatment  is  dilatation  through  the  mouth  by 
means  of  large  bougies;  by  means  of  a  rubber  bag  attached  tea 
tube,  and  distended  after  it  is  in  place;  or  by  means  of  a  special 
(livulsor  introduced  through  the  esophagoscope.     In  the  worst  cases 
the  cardia  may  be  stretched  with  the  fingers  or  a  uterine  dilatof, 
after  opening  the  stomach.     More  severe  operations,  e.g.,  diNTsio^ 
of  the  cardia  longitudinally  with  transverse  suture,  resection  of  the 
cardia,  esophagoplication  through  the  abdomen  or  thorax,  should 
very  rarely  be  indicated. 

Wounds  of  the  esophagus  from  without  have  Already  been 
referred  to  under  cut  throat.  Internal  injuries,  e.g.,  fromforeign 
bodies,  bougies,  and  the  swallowing  of  caustics,  cause  painful  dyspha- 
gia, bleeding,  and  emphysema  if  the  wall  is  perforated.  The  patient 
is  fed  by  rectum  for  a  week  or  more,  and  sounds  used  when  heahng 
has  occurred,  in  order  to  prevent  the  development  of  a  stricture- 
After  the  swallowing  of  a  caustic  the  proper  antidote  should,  w 
course,  Ix;  administered. 
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<igji  bodies  in  the  esophagus  are  most  frequent  in  children  and 
.  They  are  apt  to  be  arrested  at  the  narrowest  portions  of  the 
iz.,  opposite  the  cricoid  cartilage  (6  inches  from  the  teeth), 
■vel  of  the  left  bronchus  (12  inches  from  the  teeth) ,  and  at  the 
gmatic  opening  f  16  to  18  inches  from  the  teeth).  The  symp- 
;  dysphagia,  pain,  and  sometimes  dyspnea.  Sharp  or  rough 
nay  cause  hemorrhage;  prolonged  impaction  may  lead  to  pcr- 
and  death.  Owing  to  the  irritation  which  is  produced,  the 
-ns  sometimes  persist  for  a  time,  even  after  the  foreign  body 
I  removed.  Foreign  bodies  may  be  detected  with  the  bougie, 
:  esophagoscope,  or  if  dense,  with  the  X-ray  (Fig.  370) .  When 
n  the  cervical  portion  of  the  tube  external  palpation  may  be 
value.  The  patient  is  usually  able  to  indicate  the  site  of  im- 
Thc  best  treatment  is  extraction  under  the  eye  by  means  of 


fider  forceps  introduced  through  an  esophagoscope.  Of  193 
esophagoscopy  for  foreign  bodies,  performed  by  skillful  opera- 
-.  foreign  body  was  removed  155  times,  and  escaped  into  the 
26  times.  Twelve  of  the  patients  died  f  Jackson).  If  one 
rsophagoscope,  or  no  skill  in  using  it,  and  the  patient  cannot 
to  a  specialist,  one  of  the  older  methods  of  extraction  must  be 
for  which  purpose  the  size,  shape,  situation,  and  nature  of  the 
ould  be  ascertained  whenever  possible.  Bodies  like  pins  and 
;s  may  be  extracted  with  the  expanding  horsehair  probe  (Fig. 
ics  and  coins  with  the  coin  catcher  (Fig.  372).  Round  and 
objects  may  sometimes  be  pushed  into  the  stomach.  When 
.ervical  portion  of  the  esophagus,  the  offending  substance 
en  be  removed  with  long  curved  forceps.  Esapliagotomy  is 
i  when  a  body  is  impacted  in  the  upper  part  of  the  tube,  the 
us  being  exposed  in  the  neck  as  described  in  the  treatment  of 
ila,  and  sutured  after  extraction  of  the  ioTag;a  Xm^l^* 


66o 


MANUAL   OF   SURGERY 


Impaction  in  the  lower  part  of  the  esophagus  may  demand  gast 
omy ,  and  extraction  of  the  foreign  body  by  the  finger  or  forceps  in 
duced  through  the  cardiac  orifice  of  the  stomach.  The  mortalit; 
cutting  operations  for  foreign  bodies  in  the  esophagus  is  20  per  a 
Stricture  of  the  esophagus  may  be  (i)  inorganic  or  (2)  orga 
I.  Inorganic  or  spasmodic  stricture  (esophagismus)  is  usu; 
hysterical  in  origin,  the  spasm  beginning  below  and  ascending  (glo 


<^y^t 
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Fig.  371. — Expanding 
horsehair  probang. 


Pig.  372. — Coin- 
catcher. 


I'iG.  373. — Esophageal 
bougies. 


hystericus),  but  occasionally  occurs  in  tetanus,  and  as  the  result  c 
reflex  irritation  in  diseases  of  the  larynx  (opposite  the  larynx),  UvC 
and  stomach  (at  the  cardia) .  In  the  last  situation  it  may  becoff 
permanent  and  give  rise  to  the  so  called  idiopathic  dilatation  of  tl 
esophagus  (q.v.).  The  symptoms  are  sudden  in  onset,  intermitte 
in  character,  and  associated  with  evidences  of  the  causative  lesio 
There  is  a  spasmodic  choking  sensation,  with  dysphagia  and  son 
times  regurgitation  of  food.     Anesthesia  relaxes  the  spasm  andp 
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mils  the  passage  of  a  full-sized  bougie.  The  treatment  is  directed 
to  the  cause.  The  passage  of  bougies  v/iH  do  more  harm  than  good 
in  hysterical  cases. 

2.  Organic  stricture  is  usually  (a)  cicatricial  or  (b)  malignant, 
although  it  may  be  congenital  or  be  caused  by  foreign  bodies  or  the 
pressure  of  aneurysms,  tumors,  etc.  (a)  Fibrous  or  cicatricial  stric- 
ture is  generally  the  result  of  the  swallowing  of  corrosives,  but  may 
follow  also  other  injuries  and  ulcerations.  It  is  most  frequent  in  the 
yoimg  and  often  situated  opposite  to  the  cricoid  cartilage.  In  some 
cases  there  are  multiple  strictures. 

The  symptoms  come  on  slowly,  there  first  being  difficulty  in 
swallowing  solids  and  finally  in  swallowing  liquids.  When  the 
stricture  is  near  the  stomach,  food  may  not  be  returned  immediately 
but  may  collect  in  the  pouch  which  forms,  and  regiirgitated  after  an 
interval,  the  reaction  being  alkaline,  not  acid  as  would  be  thestomach 
contents.  Pain  is  slight  or  absent  and,  as  a  rule,  the  patient  is  able 
to  locate  the  site  of  obstruction.  In  the  later  stages  there  is  marked 
emaciation  from  starvation.  The  diagnosis  is  confirmed  and  the 
stricture  located  with  an  esophageal  bougie  (Fig.  373),  which  in  the 
adult  should  normally  enter  the  stomach  16  to  18  inches  from  the 
teeth.  The  patient  is  seated  with  the  head  forward  and  the  jaws 
open;  the  bougie  is  warmed,  lubricated  with  glycerin,  and  passed 
downward  into  the  esophagus  while  the  left  forefinger  depresses  the 
tongue  and  guards  the  orifice  of  the  larynx.  Great  force  should 
never  be  employed,  particularly  if  cancer  is  suspected,  as  perforation 
and  death  may  follow.  Furthermore,  it  is  well  to  rule  out  the  pres- 
ence of  aneurysm  before  passing  a  bougie.  In  all  cases  there  is  a 
delay  in  the  swallowing  sound,  which  is  normally  about  four  seconds 
in  length,  i.e.,  from  the  time  the  patient  begins  to  swallow  a  mouthful 
of  water  until  the  last  gurgle  into  the  stomach  is  heard;  the  ear  is 
applied  to  the  vertebral  groove  near  the  angle  of  the  left  scapula. 
Finally  the  esophagoscope  may  be  used  to  determine  the  nature  and 
site  of  the  stricture,  and  the  seat  of  narrowing  may  be  graphically 
depicted  by  a  radiogram,  after  the  ingestion  of  bismuth. 

The  treatment  is  gradual  dilatation  by  passing  increasing  sizes  of 
bougies  every  second  or  third  day.  In  order  safely  to  penetrate  a 
minute  stricture,  a  filiform  bougie  may  be  inserted  under  direct  in- 
spection through  the  esophagoscope.  Plummer  has  the  patient  swallow 
six  yards  of  fine  silk,  three  in  the  evening  and  three  the  following 
morning.  The  portion  first  swallowed  passes  into  the  intestine,  so 
that  the  thread  hanging  from  the  mouth  may  be  pulled  taut.  A 
bougie  with  a  perforated  olive  tip  is  then  threaded  on  the  silk,  which 
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acts  as  a  guide  to  the  orifice  of  the  stricture.     In  cases  in  which 
dilatation  cannot  be  practised  a  Symond's  tube  may  be  used.     Thisis 
a  rubber  tube,  funnel-shaped  at  the  upper  end  where  it  rests  against 
the  stricture.     It  is  inserted  by  a  whalebone  introducer,  and  removed 
every  two  or  three  weeks  by  means-of  a  piece  of  silk  attached  to  its 
upper  end  and  issuing  from  the  mouth.     Retrograde  dilatation  by- 
means  of  the  finger  or  bougie  may  be  practised  after  opening  the 
stomach  when  the  lesion  is  near  the  cardiac  orifice.     Abbe 's  operation 
is  applicable  to  strictures  in  the  thoracic  portion  of  the  esophagus 
which  have  resisted  other  means  of  treatment.     A  shot  clamped  to 
the  end  of  a  fine  piece  of  silk  is  swallowed  by  the  patient.    The 
stomach  is  then  opened  and  coarse  silk  attached  to  the  thread  and 
pulled  through  the  stricture,  which  is  then  divided  by  sawing  move- 
ments, while  it  is  made  tense  by  the  pressure  of  a  bougie  passed  from 
below.     In  some  cases  the  silk  is  brought  out  through  an  esophago- 
tomy  wound  in  the  neck  instead  of  through  the  mouth.     The  calibre 
of  the  esophagus  is  maintained  by  the  passage  of  bougies.     Ochsner's 
method  consists  in  opening  the  stomach,  and  passing  a  long  loop  of 
silk  through  the  stricture  by  means  of  a  whalebone  probe.     A  small 
rubber  tube  is  passed  through  this  loop,  and  drawn  through  the  stric- 
ture while  on  the  stretch.     When  released  the  rubber  swells  and 
dilates  the  stricture.     Increasing  sizes  of  tubes  are  thus  employed. 
Internal  esophagotomy  by  means  of  an  instrument  with  a  concealed 
kniicj'orcible  dilatation  by  special  divulging  instruments,  and  electro- 
lysis have  been  successfully  utilized  with  the  aid  of  the  esophago- 
scope.     External  esophagotomy  has  been  employed  in  high  strictures, 
the  contraction  being  divided,  dilated,  or  even  excised.     Esophcgos- 
tomy  consists  in  suturing  the  mucous  membrane  of  the  esophagus 
below  the  stricture  to  the  skin,  thus  making  an  artificial  mouth. 
Gastrostomy  is  indicated  when  swallowing  is  impossible,  in  order  to 
feed  the  patient.     A  stricture  which  is  thus  rested  may  after  a  time 
become  passable  to  bougies.     If  the  stricture  remains  impermeable 
esophago plasty  (vide  infra)  may  be  tried. 

0))  Malignant  stricture  is  most  frequent  in  men  after  the  age  of 
forty,  and  most  common  at  the  narrowest  portions  of  the  esophagti^i 
viz.,  opposite  the  cricoid,  at  the  level  of  the  left  bronchus  (bci^ 
epitheliomatous  in  both  instances),  and  at  the  cardia,  when  it  is* 
columnar-celled  carcinoma.  The  symptoms  are  those  of  cicatricJ*' 
stenosis,  but  there  are  greater  pain,  more  rapid  emaciation^  ^ 
often  cough,  and  regurgitation  of  blood-stained  food.  The  tuin* 
may  be  felt  when  the  cervical  portion  is  involved.  Other  symptoK* 
may  arise  owing  to  invasion  of  surrounding  structures.    As  tl* 
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appearances  of  carcinoma  are  distinctive,   the  diagnosis  may  be 
made,  even  in  the  earliest  stage,  by  means  of  the  esophagoscope,  a 
bit  of  tissue  being  removed  for  microscopic  corroboration;  and  since 
resection  of  the  esophagus  has  been  successfully  performed,  early 
diagnosis  is  essential,  if  more  patients  are  to  be  saved.    The  bougie 
and  the  X-ray  are  valuable  only  in  the  later  stages,  for  determining 
the  site  of  the  stricture,  but  are  incompetent  to  establish  definitely 
its  carcinomatous  nature.     Moreover,  since  the  bougie  is  blind  and  a 
carcinomatous  stricture  often  friable,  esophageal  sounding  is  attend- 
ed by  greater  danger  than  exploration  under  the  guidance  of  the  eye. 
The  treatment  in  the  early  stages  is  generally  the  passage  of  a  soft 
rubber  bougie  to  keep  the  canal  open.     Symond's  tube  has  been 
used  in  some  cases.     The  insertion  of  a  capsule  of  radium  through 
the  esophagoscope  is  a  palliative  measxire  of  some  value.     Gartros- 
tomy,  which  permits  the  patient  to  be  fed  and  puts  the  esophagus 
at  rest,  should  not  be  postponed  until  swallowing  is  impossible,  but 
should  be  preformed  as  soon  as  the  dysphagia  becomes  pronoimced. 
Esophagectomy  should,  we  believe,  be  recommened  in  suitable  cases. 
Esophagectomy  for  a  growth  limited  to  the  cervical  portion  of  the 
gullet  has  been  performed  successfully  a  number  of  times.     In  one 
case  we  removed  the  cervical  esophagus,  the  larynx,  the  trachea 
as  far  as  the  manubrium,  and  the  thyroid  gland.     Excision  of  the 
thoracic  portion  of  the  esophagus  has  been  attempted  extrapleurally, 
after  resecting  a  portion  of  several  ribs  near  the  spine,  but  more 
room  can  be  obtained  by  the  transpleural  route,  the  operation 
being  conducted,  in  order  to  prevent  collapse  of  the  lung,  with  the 
aid  of  differential  pressure  (positive  or  negative),  or,  better,  with  the 
aid  of  intratracheal  insufflation  anesthesia.     Efforts  to  anastomose 
the  esophageal  segments  left  after  excision  of  the  growth,  or  to 
anastomose  the  upper  segment  with  the  stomach,  have  resulted  in 
Mure.    Torek's  patient,  who  is  still  living  eighteen  months  after 
excision  of  the  thoracic  esophagus,  was  operated  upon  in  two  stages 
A  gastrostomy  was  first  performed.     At  the  second  operation  a  cut 
^as  made  through  the  entire  length  of  the  seventh  left  intercostal 
^ce,  thence  upwards  through  the  seventh,  sixth,  fifth,  and  fourth 
'fts,  between  their  angles  and  tubercles.    A  rib  spreader  was  placed 
octween  the  seventh  and  the  eighth  ribs,  the  esophagus  separated  by 
blunt  dissection,  cut  at  each  end  between  ligatures,  and  removed. 
The  upper  end  was  brought  out  at  the  base  of  the  neck,  the  lower 
end  invaginated.    The  chest  was  closed  by  passing  sutures  around 
the  seventh  and  the  eighth  ribs,  the  lung  being  fully  inflated  before 
the  last  stitch  was  tied.    Zaaijer  and  Ach  have  successfully  excised  a 
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carcinoma  of  the  cardia.  Zaaijer  first  established  a  gastrostomy.  In 
the  second  stage  he  resected  a  number  of  ribs  so  as  to  allow  the 
thoracic  wall  to  collapse,  thus  lessening  the  distance  to  the  growth. 
At  the  third  operation  the  pleural  and  the  peritoneal  cav-ities  were 
opened,  the  diaphragm  was  split  up  to  the  hiatus,  the  growth  re- 
moved between  clamps,  the  stomach  closed,  and  the  lower  end  of  the 
esophagus  sutured  to  the  skin  near  the  posterior  axillary  line.  After 
operations  of  this  character  food  may  be  led  from  the  lower  end  of 
the  remaining  portion  of  the  esophagus  to  the  opening  in  the  stomach 
by  means  of  a  rubber  tube,  or  an  artificial  esophagus  may  be  con- 
structed as  described  in  the  next  section. 

Esophagoplasty,  or  the  formation  of  an  atificial  esophagus  may 
be  tried  in  cases  of  impassable,  inoperable,  cicatricial  stricture  of  the 
esophagus,  or  in  cases  in  which  the  esophagus  has  been  resected. 
The  skin  between  the  esophageal  and  the  gastric  fistulae  may  be 
fashioned  into  a  tube,  the  outer  surface  of  which  is  covered  with 
flaps  from  the  chest  (Bircher).     The  upper  part  of  the  jejunum 
(Roux)  or  the  transverse  colon  (Kelling,  Vulliet)  may  be  isolated, 
except  for  the  mesenteric  attachment,  and  drawn  up  beneath  the 
the  skin  of  the  thorax,  the  lower  end  of  the  transplanted  intestine 
being  anastomosed  with  the  stomach,  the  upper  with  the  stump  of  the 
esophagus.     Hirsch  suggests  employing  the  anterior  wall  of  the 
stomach,    Jianu    the   whole   length   of   the   greater   curvature;  in 
these  methods  one  end  of  the  new  esophagus  is  already  attached  to 
the  stomach.     Fink  proposes  severing  the  pylorus,  drawing  it  up 
beneath  the  thoracic  skin,  and  performing  posterior  gastroenter- 
ostomy.    Intra-instead  of  antethoracic  transplantation  of  a  segment 
of  the  stomach  or  the  intestine  also  is  a  possibility. 
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CHAPTER  XXVII 

ABDOMEN 

The  postures  diflferent  operations  may  require  and  the  situation 

of  the  incisions  for  exposure  of  various  organs,  are  given  with  the 

description  of  the  operations  on  the  viscus  concerned.     In  order  to 

give  an  idea  of  the  way  in  which  the  abdomen  is  opened  and  closed, 

we  shall  here  describe  only  the  median  incision,  since  it  is  often 

selected,  not  only  because  it  avoids  the  larger  nerves  and  blood 

vessels,  but  also  because  it  permits  exploration  of  both  sides  of  the 

abdominal  cavity.    When  it  is  necessary  to  pass  the  umbilicus,  the 

left  side  is  chosen  to  avoid  the  round  ligament  of  the  liver,  although 

some  operators  excise  the  umbilicus  because  it  is  difficult  to  sterilize 

and  to  suture.    After  incising  the  skin  and  subcutaneous  tissues, 

instead  of  locating  the  linea  alba  with  nicety,  the  anterior  sheath  of 

the  rectus,  usually  the  right,  is  split  longitudinally  a  short  distance 

from  the  median  line,  the  muscular  fibres  separated  with  the  finger 

or  the  handle  of  the  knife,  and  the  posterior  sheath  and  transver- 

salis  fascia  divided.    Thus  are  presented  several  layers  of  tissue 

giving  broad  apposition  for  subsequent  union,  instead  of  the  single 

aponeurotic  layer  formed  by  the  linea  alba.    The  peritoneum,  which 

is  recognized  by  the  presence  of  fatty  tissue  in  front  of  it,  is  elevated 

from  the  viscera  with  forceps  and  o|>ened  sufficiently  to  admit  the 

finger,  which  guards  the  intestines  while  the  opening  is  enlarged  with 

the  scissors.    After  the  intraperitoneal  manipulations  have  been 

completed  the  wound  is  closed  with  great  care  in  order  to  prevent 

the  development  of  a  hernia.    Buried  sutures  should  be  of  catgut, 

sutures  which  are  subsequently  removed,  of  silkworm  gut.     Through 

and  through  sutures,  which  are  introduced  about  one-fourth  inch 

from  the  edge  of  the  wound  and  about  one-half  inch  apart,  obliterate 

all  dead  spaces,  stop  oozing,  give  firm  support,  and  permit  rapid 

work.    Suture  of  the  individual  layers  of  the'  abdominal  wall  is 

anj^tomically  more  accurate,  and,  owing  to  the  smaller  amount  of 

tension  on  each  suture,  less  apt  to  cause  necrosis.    The  various  ways 

of  closing  the  skin  incision,  when  the  tier  suture  is  employed,  are 

given  in  the  chapter  on  "Wounds'*.     The  author,  whenever  possible, 

puts  a  purse-string  suture  of  catgut  in  the  peritoneum,  thus  making  a 

dot  instead  of  a  line  of  scar  tissue  and  lessening  the  chances  of  adhes- 
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ions;  the  suture  is  tied,  and  the  needle  passed  from  within  outwards 
through  the  muscle  and  its  anterior  sheath  and  temporarily  laid  aside; 
through  and  through  sutures  of  silkworm  gut  are  passed  through  all 
the  layers  except  the  peritoneum;  the  anterior  sheath  of  the  rectus  is 
closed  with  a  continuous  suture,  using  the  same  thread  that  was 
placed  in  the  peritoneum,  thus  drawing  the  peritoneum  up  under  the 
muscle  and  preventing  the  formation  of  a  dead  space;  and  finally 
the  silkworm-gut  sutures  are  tied.  In  the  upper  abdonien  the  perito- 
neum tears  so  easily  that  the  purse-string  suture  is  inapplicable.  In 
this  region,  therefore,  the  peritoneal  suture  should  include  a  portion 
of  the  muscle  and  be  applied  in  the  direction  of  the  wound  in  the 
abdominal  wall.  The  wound  is  dressed  with  aseptic  gauze,  retained 
in  place  by  adhesive  plaster  and  a  firm  binder.  The  patient  is  not 
allowed  to  sit  up  for  from  ten  days  to  three  weeks  or  longer,vaccording 
to  the  situation  and  length  of  the  incision  and  the  presence  or  absence 
of  drainage  or  infection.  In  most  instances  the  patient  should  wear 
an  abdominal  support  for  a  week  or  two  after  leaving  bed,  or,  if 
the  wound  has  healed  by  second  intention,  for  a  year,  when  the  scar 
may  be  inspected  for  bulging,  and  the  support  discarded  if  no  hernia 
be  found. 

The  indications  for  abdominal  section  {celiotomy,  laparotomy)  ^ 
in  order  to  deal  with  particular  affections  of  the  various  intraperi- 
toneal organs,  are  given  on  the  pages  devoted  to  the  surgery  of 
these  organs.  Often,  however,  the  surgeon  who  is  confronted  by 
a  patient  with  abdominal  symptoms  finds  that  he  is  unable  to  make 
a  precise  anatomic  and  pathologic  diganosis,  and  is  forced  to  be 
content  if  he  can  decide  whether  or  not  an  operation  is  necessary, 
when  it  should  be  performed,  and  where  to  make  his  incision  in 
the  abdominal  wall. 

Immediate  abdominal  section  to  save  life  may  be  demanded 
to  control  hemorrhage,  to  combat  infection,  or  to  relieve  obstruction. 

Hemorrhage  due  to  traumatism  may  arise  after  contusions  of 
the  abdomen  which  rupture  one  or  more  of  the  viscera  or  important 
blood  vessels,  after  penetrating  wounds,  and  after  abdominal 
operations.  Nontraumatic  hemorrhage  may  result  from  the  rupture 
of  an  aneurysm,  a  hematoma  of  the  ovary,  the  tube  in  ectopic 
pregnancy,  the  uterus  during  labor,  or  an  enlarged  spieen  in  typhoid 
fever. 

Infection  can  often  be  prevented  by  timely  operation,  notably 
in  cases  of  abdominal  injury  which  cause  extravasation  of  the 
contents  of  a  hollow  viscus  or  extrusion  of  the  viscera  through  the 
abdominal  wall,  and  in  cases  of  pathologic  perforation  of  a  hollow 
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iriscus  (stomach,  intestine,  gall  bladder,  urinary  bladder).  It  is 
in  the  stage  of  contamination,  i.e.,  during  the  first  few  hours  after 
the  accident  or  the  perforation,  that  the  surgeon  must  act  to  secure 
the  best  results.  After  twelve  hours,  and,  more  emphatically, 
after  24  hours,  the  infection  (peritonitis)  has  become  well  established, 
and  the  chance  of  survival  greatly  diminished.  In  another  group 
of  cases  the  infection  has  already  occurred,  but  is  confined  to  a 
single  organ  (appendix,  Meckel's  diverticulum)  or  circumscribed 
by  adhesions  or  inflammatory  tissue  (acute  abscess  within  or  behind 
the  peritoneum).  In  these  cases  early  operation  may  prevent 
extension  of  the  infection.  Although  acute  pancreatitis  may  be 
of  a  chemical  rather  than  of  a  bacterial  nature,  and  acute  hemato- 
genous infection  of  the  kidney  requires  a  lumbar  incision  rather 
than  celiotomy,  both  of  these  affections  should  be  mentioned  among 
abdominal  emergencies,  because  the  first  often  calises  widespread 
fat  necrosis  of  the  omentum  and  mesentery,  and  the  second  is 
frequently  confused  with  intraperitoneal  lesions,  especially  appen- 
dicitis. 

Acute  obstruction  of  the  intestine,  including  strangulated  hernia; 
of  the  stomach  (volvulus);  of  the  blood  vessels,  e.g.,  in  thrombosis 
or  embolism  of  the  mesenteric  vessels,  volvulus  of  the  omentum, 
ovarian  cyst  or  floating  kidney  with  twisted  pedicle;  or  of  the  ureter 
of  an  only  existing  or  active  kidney  (obstructive  anuria)  must  be 
operated  upon  at  once. 

Delayed  abdominal  section  may  be  advisable  in  two  groups  of 
Gtses.  In  the  first  the  lesion  is  relatively  benign,  and  the  operation 
njay  be  arranged  to  suit  the  convenience  of  the  patient  and  the 
surgeon.  Indeed,  in  some  instances,  e.g.,  reducible  hernia,  the 
patient  may,  with  reason,  decide  on  nonoperative  treatment.  In 
a  second  group  of  cases  the  operation  is  postponed  in  order  to  secure 
a  more  favorable  opportunity  for  intervention.  The  cases  in  this 
group  may  be  considered  under  the  three  headings  of  hemorrhage, 
infection,  and  obstruction. 

Acute  hemorrhage  into  the  stomach,  e.g.,  from  an  ulcer,  is  rarely 
an  indication  for  immediate  celiotomy,  since  the  bleeding  often 
!:eases  spontaneously,  at  least  for  a  time,  and  the  operation  can  be 
nore  safely  performed  after  the  patient  has  recovered  from  the 
ffects  of  the  sudden  loss  of  blood.  Chronic  hemorrhage  from  any 
rgan  requires  careful  investigation  to  determine  its  nature,  and 
len  prompt  operation,  if  the  condition  is  amenable  to  operation. 
Acute  infection  which  tends  to  become  subacute  or  chronic,  e.g., 
iitc  cholecystitis,  acute  salpingitis  and  ovaritis,  is  usually  not 


668  '  MANUAL   OF   SURGERY 

attacked  surgically  until  it  becomes  quiescent,  hence  less  virulent. 
The  chief  concern  in  these  cases  is  that  of  mistaking  an  infection 
that  often  extends  for  one  that  generally  localizes  or  subsides,  e.g., 
a  perforated  duodenal  ulcer  for  acute  cholecystitis,  an  appendicitis 
for  a  salpingitis.  Chronic  infections,  e.g.,  of  the  gall  bladder, 
appendix,  and  Fallopian  tube,  should,  if  possible,  be  dealt  with  before 
they  cause  acute  symptoms  or  troublesome  complications.  The 
same  may  be  said  of  chronic  infections  like  tuberculous  peritonitis, 
tuberculosis  of  the  cecum,  and  actinomycosis  of  the  cecum. 

Acute  transient  obstruction  of  the  biliary  ducts  (hepatic  colic) 
or  of  the  ureter  (renal  colic)  is  treated  medically,  operation,  if 
necessary,  being  deferred  to  a  later  period.  Chronic  obstruction 
of  these  ducts  or  of  any  portion  of  the  gastrointestinal  canal  seldom 
necessitates  an  emergency  operation,  although  the  obstruction 
should  be  removed  at  an  early  period. 

Unnecessary  abdominal  section  is  sometimes  impossible  to 
avoid,  especially  in  the  presence  of  alarming  symptoms  which  might 
be  due  to  hemorrhage,  peritonitis,  or  obstruction.  The  prominent 
features  of  these  affections,  viewed  collectively,  are  pain,  tenderness, 
muscular  rigidity,  vomiting,  constipation,  and  tumor,  with  shock 
or  fever,  yet  one  or  more  of  these  features  may  exist  in  various 
maladies  that  do  not  demand  laparotomy. 

The  affections  of  the  abdominal  wall  that  may  simulate  intra- 
peritoneal lesions  are  muscular  soreness  from  coughing,  myositis, 
herpes  zoster,  neuritis,  and  neuralgia.  Operable  conditions  of  the 
abdominal  wall,  e.g.,  tumors,  and  abscesses,. are  of  less  importance, 
from  our  present  standpoint,  because  they  ^ould,  in  any  event,  be 
treated  surgically.  Sometimes,  however,  a  parietal  abnormality 
may  be  completely  overlooked,  thus  in  a  small  epigastric  hernia  the 
pain  and  indigestion  may  be  erroneously  attributed  to  disease  of  the 
stomach  or  gall  bladder,  and  in  incipient  inguinal  hernia  to  disease 
of  the  appendix. 

The  affections  of  the  intraperitoneal  and  retroperitoneal  structures 
that  have  caused  error  are  acute  gastrectasia,  which  very  rarely 
requires  operation;  cardiospasm;  acute  irritation  or  inflammation 
of  the  stomach  or  intestines,  e.g.,  from  ** indigestion,''  parasites, 
poisons  (including  ptomain  poisoning,  morphinism,  and  lead  poison- 
ing), dysentery,  typhoid  fever,  angioneurotic  edema,  and  Henoch's 
purpura;  mucous  colitis;  constipation;  fecal  impaction;  unimpacted 
foreign  bodies  in  the  intestine;  cirrhosis  of  the  liver,  with  pain  and 
swelling  in  the  region  of  the  gall  bladder,  jaundice,  hematemesis, 
melena,  or  ascites,  thus  resembling  gall  stones,  gastric  ulcer,  or 
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tuberculous  peritonitis,  with  which  conditions,  indeed,  hepatic 
cirrhosis  is  sometimes  associated  (cirrhosis  of  the  liver  is  occasionally- 
operated  upon,  as  wiU  be  noted  later) ;  cardiac  liver,  i.e.,  the  large, 
painful,  perhaps  pulsating  liver  due  to  chronic  valvular  disease  of 
the  heart;  splenomedulary  leukemia;  normal  pregnancy,  because 
of  the  tumor,  the  vomiting,  and  sometimes  pain;  abortion,  which 
the  patient  may  attempt  to  conceal,  or  which  may  be  confused  with 
ectopic  pregnancy;  dysmenorrhea;  pelvic  cellulitis,  which,  as  a  rule, 
should  not  be  operated  upon,  unless  of  the  suppurative  variety; 
epididymitis;  inflammed  undescended  testicle,  unless  suppurative 
or  gangrenous;  vesiculitis;  Addison's  disease,  in  which  there  may 
be  vomiting,  constipation,  and  abdominal  pain;  chronic  nephritis 
leading  to  uremia,  which  may  be  associated  with  abdominal  pain, 
t)rmpanitis,  and  vomiting  (more  often  the  opposite  mistake  is  made,  ^ 
i.e.,  an  old  lady  with  vomiting  and  oliguria  is  treated  for  uremia 
when  the  causative  lesion  is  a  small  strangulated  femoral  hernia) ; 
ectopic  or  pelvic  kidney;  pyelitis;  operable  lesions  of  the  kidney  and 
ureter,  which,  not  infrequently,  are  mistaken  for  intraperitoneal 
disease;  distended  urinary  bladder;  enlarged  retroperitoneal  lymph 
glands,  e.g.,  from  Hodgkin's  disease,  leukemia,  typhoid  fever 
syphilis,  tuberculosis  (tabes  mesenterica),  or  metastatic  tumors, 
especially  metastases  from  malignant  disease  of  the  testicle  and 
lymphosarcoma  of  remote  regions  like  the  neck;  aneurysm  of  the 
aorta;  arteriosclerotic  colic  (abdominal  angina);  iliac  and  femoral 
phlebitis;  and  phantom  tumor. 

The  thoracic  diseases  that  may  cause  abdominal  symptoms  are 
pneumonia,  phthisis,  pleurisy  (including  diaphragmatic  pleurisy) 
angina  pectoris,  pericarditis,  dilatation  of  the  right  ventricle  of  the 
heart,  and,  as  mentioned  above,  endocarditis  which  leads  to  con- 
gestion of  the  liver. 

Diseases  of  the  spines  especially  Pott's  disease,  often  produce 
symptoms  suggestive  of  intraabdominal  trouble. 

The  diseases  of  the  central  nervous  system  that  should  be  noted 
in  this  connection  are  brain  tumor  (vomiting),  cerebrospinal  men- 
ingitis (fever,  vomiting,  abdominal  pain,  and  rigidity),  abdominal 
crises  of  locomotor  ataxia,  neurasthenia,  and  hysteria. 

Finally  acute  general  infections j  like  influenza  and  small  pox, 
may,  because  of  pain,  vomiting,  and  fever,  be  mistaken  in  their 
early  stages  for  surgical  diseases  of  the  abdomen. 

The  tedmic  of  abdominal  section  follows  the  general  rules  already 
laid  down  in  chapter  iv,  to  which  the  student  is  referred  for  the 
details  concerning  the  preparation  and  after  care  of  the  patient. 
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the  precautions  to  be  taken  in  order  to  avoid  leaving  instruments 
or  sponges  in  the  peritoneal  cavity,  and  the  indications  for  and  the 
dangers  of  drainage. 

Contusions  of  the  abdomen  vary  from  a  superficial  ecchymosis 
to  the  most  extensive  shattering  of  the  viscera.  Sudden  and  immedi- 
ate death  following  a  blow  on  the  abdomen,  without  gross  injury 
to  the  viscera,  has  been  attributed  to  shock,  or  disturbance  of  the 
solar  plexus,  but  is  probably  the  result  of  violence  to  the  heart  or 
to  its  nerve  mechanism.  Hematoma  and  suppuration  of  the  abdo- 
minal wall  may  follow  a  contusion  as  elsewhere.  Muscular  rupture 
follows  a  violent  force  to  a  normal  muscle  in  extreme  tension,  or  a 
trivial  injury  to  a  degenerated  muscle.  The  rectus  tends  to  rupture 
more  frequently  than  the  broad  muscles  of  the  parietes.  A  nip- 
'  tured  muscle  should  be  sutured  because  of  the  subsequent  danger 
of  hernia.  When  a  blow  is  expected,  the  body  is  bent,  the  muscles 
contracted,  and  the  force  expended  on  the  abdominal  wall,  but  a 
blow  received  when  the  muscles  are  flaccid  is  very  apt  to  injure  the 
viscera.  The  most  serious  intraabdominal  injury  may  be  present 
without  any  evidence  of  injury  to  the  skin  or  muscles.  The  effects 
of  visceral  injury  are  manifested  immediately,  as  shock,  hemorrhage, 
or  peritonitis;  intermediately,  as  when  peritonitis  follows  a  per- 
foration through  a  contused  necrotic  patch  in  the  intestine,  the 
patient  having  been  apparently  well  for  one  or  more  days;  or  remotely, 
as  adhesions,  stricture  of  the  bowel,  aneurysm,  etc.,  developing  after 
a  prolonged  period.  In  all  cases  of  abdominal  injury  the  surgeon 
should  look  not  only  for  signs  of  shock,  internal  hemorrhage,  and 
peritonitis,  but  also  for  signs  of  gas  or  fluid  in  the  peritoneal  cavity, 
and  for  blood  in  the  vomitus,  urine,  and  bowel  movements,  as  well 
as  for  bleeding  from  the  vagina. 

Ruptures  of  most  of  the  large  intraabdominal  vessels  have  been 
recorded.  Providing  there  be  time,  the  abdomen  should  be  opened 
and  the  hemorrhage  checked.  If  the  vessel  be  severely  contused, 
bleeding  may  be  postponed  until  sloughing  of  the  arterial  wall  en- 
sues, or  thrombosis,  embolism,  stenosis,  or  aneurysm  may  develop, 
and  the  parts  supplied  by  the  artery  may  become  gangrenous. 

From  its  elasticity  and  more  protected  position  beneath  the  ribs, 
the  stomach  is  less  liable  to  be  affected  by  trauma  than  the  intestines. 
The  anterior  wall  is  the  most  frequent  site  for  rupture.  One  or  all 
the  coats  may  be  torn.  The  symptoms  are  those  of  shock  and  per- 
forative peritonitis.  Hematemesis  may  be  present  or  absent.  The 
stomach  should  be  sutured  and  the  treatment  for  peritonitis  insti- 
tuted. 
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Rupture  of  the  intestine  is  frequently  the  result  of  a  horse-kick,  a 
man-kick^  or  a  run-over  accident,  the  intestine  being  crushed  be- 
tween the  vulnerating  body  and  the  bony  parts  behind.    A  fall 
from  a  height  or  a  blow  upon  the  back  also  may  tear  the  intestine, 
particularly  where  it  is  firmly  fixed,  e.g.,  the  duodenum.    The  most 
important  symptoms  are  pain,  tenderness,  rigidity  of  the  abdominal 
wall,  and  an  anxious  facial  expression.     Shock  is  slight  or  absent  in 
25  per  cent,  of  the  cases.    Absence  o|  liver  dulness  with  a  flat  abdo- 
men is  a  valuable  sign  of  pneumoperitoneum,  which  may  be  demon- 
strated also  by  the  X-ray.     Cellular  emphysema  is  rare  and  indicates 
a  lesion  of  the  bowel  beyond  the  limits  of  the  peritoneal  space. 
Movable  dulness  in  the  flanks  is  a  sign  of  fluid  in  the  peritoneal 
cavity,  which  may  be  serous,  sanguineous,  or  fecal.    Fecal  extravasa- 
tion is  rarely  great  in  rupture  of  the  bowel,  owing  to  the  contraction 
of  the'muscular  coat,  while  hemorrhage  is  slight  unless  the  mesentery 
or  other  vascular  structure  is  torn.    Abdominal  distention,  fever, 
and  other  symptoms  of  widespread  peritonitis  are  later  symptoms, 
and  usually  mean  that  the  favorable  time  for  operation  is  past. 
Vomiting  immediately  after  the  accident  is  unimportant,  but  recur- 
ring vomiting  is  ominous.    There  may  be  absence  of  peristalsis,  a 
friction  sound  on  auscultation,  and  sometimes  tenesmus  with  a 
frequent  desire  to  defecate.     Rectal  examination  in  some  instances 
may  detect  resistance  in  the  vicinity  of  the  rupture,  due  to  the  forma- 
tion of  adhesions  around  the  laceration.     Bright  blood  in  the  stools 
points  to  a  rent  in  the  large  bowel,  tarry  movements  to  a  lesion 
higher.     The  temperature,  pulse,  and  respirations  augment  with  the 
spread  of  the  peritonitis,  which  will  cause  also  a  leukocytosis  and  a 
rise  in  the  blood  pressure.     The  rectal  insufflation  of  hydrogen  or 
ether  to  detect  the  perforation  is  too  dangerous  to  be  employed. 

The  treatment  is  laparotomy  and  suture  of  the  perforation. 
Death  is  almost  inevitable  without  operation;  with  operation  20 
per  cent,  recover.  The  difficulty  is  to  make  an  early  diagnosis.  In 
the  presence  of  the  first  four  signs  mentioned  above,  exploration  is 
urgently  demanded.  As  a  rule  a  median  incision  is  made  below  the 
umbilicus,  and  the  rupture  found  between  the  seat  of  the  surface 
injury  and  the  spine;  the  possibility  of  more  than  one  perforation 
should  be  kept  in  mind  and  discolored  spots  treated  as  ruptures. 
Extravasation  of  blood  behind  the  peritoneum,  particularly  with  air 
crepitation,  may  be  due  to  retroperitone^  rupture  of  the  colon  or 
duodenum.  Resection  or  extraperitoneal  isolation  of  the  injured 
bowel  (according  to  the  condition  of  the  patient)  may  be  indicated, 
because  of  the  severity  of  the  contusion,  the  extent  of  the  laceration, 
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or  because  of  detachment  or  injury  of  the  mesentery.  Omental 
grafts,  held  in  place  with  sutures,  may  be  of  service  in  any  case  in 
which  it  is  feared  that  leakage  may  occur.  The  peritoneal  cavity 
should  be  cleansed,  and  closed  or  drained,  as  described  under  "Pew- 
trating  Wounds  of  the  Abdomen. " 

In  tears  of  the  omentum  and  mesentery  the  immediate  danger  is 
hemorrhage.  Later  an  inflammatory  mass  or  embarrassing  adhesions 
may  develop.  When  the  mesentery  is  violently  contused,  or  stripped 
from  the  bowel,  intestinal  gangrene  follows.  The  intestine  may 
become  strangulated  through  a  slit  in  the  mesentery.  Sanguineous 
mesenteric  cysts  also  may  develop.  The  treatment  is  ligation  of  the 
bleeding  vessels,  and  excision  of  omentum  or  intestine,  if  such  be 
needed. 

The  liver  is  frequently  lacerated,  particularly  the  right  lobe.    One 
half  of  the  cases  die  within  twenty-four  hours  from  hemorrhage. 
Pain  is  severe  and  shock  profound,  and  there  are  symptoms  of 
internal  bleeding,  with  movable  dulness  in  the  flanks.     In  some 
cases,  probably  as  the  result  of  biliary  absorption,  the  pulse  is  slow 
instead  of  rapid.    Hepatic  dulness  is  increased.     Jaundice  som^ 
times  develops  after  twenty-four  hours,  and  bile  and  sugar  may  ap- 
pear in  the  urine.     Peritonitis  frequently  occurs  in  those  who  sur- 
vive the  initial  shock  and  subsequent  hemorrhage.     Operation  is 
imperative  to  check  hemorrhage,  which  may  be  controlled  by  suture, 
ligature,  cautery,  or  tampon.     Sutures  should  be  given  the  prefer- 
ence; to  prevent  their  tearing  out  the  capsule  of  the  liver  maybe 
fortified  by  a  transplant  of  fascia,  but  if  they  fail  to  stop  the  bleeding* 
or  if  the  wound  is  so  situated  as  to  make  suturing  difl&cult,  the  wound 
may  be  stuffed  with  gauze,  or,  better,  with  omentum,  muscle,  or 
fat,  held  in  place,  when  possible,  with  a  few  sutures  of  catgut 
Cauterization  is  not  suitable  for  large  wounds  and  is  liable  to  be 
followed  by  secondary  hemorrhage. 

Ruptures  of  the  gall-bladder,  cystic,  hepatic,  and  common  bile 
ducts  have  occurred.  The  symptoms  are  pain,  shock,  biliary  ascites 
and  later  in  some  cases  peritonitis,  as  the  bile  is  irritating  even  1* 
sterile.  In  a  complete  rupture  of  the  hepatic  or  common  duct  there 
would  be  jaundice,  cholemia,  and  inanition.  The  gall-bladder  may 
be  sutured  or  removed,  according  to  the  degree  of  laceration.  Drain* 
age  is  the  treatment  when  the  ducts  are  damaged,  although  il^* 
suitable  case  anastomosis  would  be  the  ideal  procedure. 

The  spleen  is  not  as  frequently  ruptured  as  the  liver.  Enlarge- 
ment of  the  organ  predisposes  to  injury.  Hemorrhage  is  the  gtt*t 
danger,  but  is  not  as  quickly  fatal  as  one  would  suppose,  owing  to  tht 
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elasticity  of  the  organ,  and  to  the  fact  that  the  blood  coagulates 
rapidly  because  of  the  large  number  of  leukocytes  present.  Abscess 
or  peritonitis  may  follow.  The  symptoms  are  those  of  internal 
hemorrhage,  with  pain  and  tenderness  over  the  spleen,  and  sometimes 
pain  in  the  left  shoulder,  indicating  irritation  of  the  phrenic  nerve 
endings  in  the  diaphragm.  Splenic  dulness  is  increased,  and  fre- 
quently does  not  disppear  when  the  patient  is  turned  on  the  right 
side,  because  the  blood  is  often  clotted.  Operation  should  be  im- 
mediate; its  nature  depends  upon  the  condition  of  the  patient  and  of 
the  spleen.  If  the  patient  has  lost  much  blood,  if  the  spleen  is  large 
and  extensively  adherent,  and  if  the  tear  is  favorably  situated,  suture 
with  a  transplant  of  fascia,  as  for  the  liver,  is  to  be  chosen.  If  the 
capsule  is  thin,  the  spleen  soft,  and  the  tear  unfavorably  situated, 
packing  with  gauze,  omentum,  muscle,  or  fat  is  to  be  considered. 
Ordinarily  a  large  laceration  in  a  normal  spleen  is  best  treated  by 
splenectomy.  Of  thirty-four  cases  of  splenectomy  for  rupture,  41.2 
per  cent,  were  fatal. 

The  pancreas  is  seldom  ruptured  alone.  In  the  absence  of  fatal 
hemorrhage,  gagrene,  suppuration,  or  chronic  pancreatitis  may  ensue. 
The  so-called  trumatic  cysts  of  the  pancreas  are  probably  collections 
of  blood  and  pancreatic  fluid  in  the  lesser  peritoneal  cavity,  the  fora- 
men of  Winslow  having  been  closed  by  adhesions.  The  symptoms 
are  those  of  shock  and  internal  hemorrhage.  The  bleeding  is  checked 
in  the  same  way  as  bleeding  from  the  liver,  or  by  partial  excision, 
being  careful  to  preserve  the  canal  of  Wirsung.  Posterior  drainage 
through  the  left  lumbar  fossa  is  to  be  employed,  to  drain  off  any 
leakage  of  pancreatic  juice,  which  may  cause  peritonitis  or  fat  necro- 
sis. 

The  kidney  is  well  protected  by  its  position  and  by  an  enveloping 

bed  of  fat,  yet  it  is  not  infrequently  injured.    The  rupture  is  usually 

transverse  to  the  long  axis  of  the  kidney.     If  the  capsule  remains 

intact,  hemorrhage  takes  place  into  the  organ;  if  it  is  torn,  blood  and 

urine  collect  in  the  perinephritic  tisues.    If  the  peritoneum  is  lacerated 

urine  and  blood  accumulate  in  the  abdominal  cavity.     Bilateral 

and  occasionally  unilateral  injuries  of  the  kidney  may  be  fatal  from 

anuria,  in  the  latter  instance  the  sound  kidney  refusing  to  act  from 

reflex  inhibition.    The  symptoms  are  shock,  pain,  and  hematuria. 

Hematuria  may  be  absent  if  the  kidney  is  separated  from  the  renal 

vessels  or  the  ureter,  or  if  there  be  a  clot  in  the  ureter,  or  an  extensive 

laceration  of  the  pelvis  of  the  kidney.    Absence  of  hematuria  has 

been  caused  also  by  thrombosis  of  the  renal  vessels  and  a  preexisting 

stricture  of  the  ureter.     Cystoscopy  in  these  cases  will  show  that  no 
43 
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urine  is  coming  from  the  ureter  on  the  injured  side.  Brownidi 
urine  coming  from  the  ureter  indicates  clotting  in  the  peKis  of  the 
kidney.  Hemorrhage  and  sepsis  are  the  dangers.  Symptoms  oi 
internal  hemorrhage,  with  an  increasing  tumor  in  the  loin,  demand 
immediate  exploration.  If  the  kidney  is  hopelessly  destroyed,  orii 
ligation  of  the  renal  vessels  be  necessary  to  control  the  bleeding,  the 
organ  should  be  removed.  If  but  moderate  laceration  is  present, 
disinfection  and  drainage,  with  suture  or  partial  nephrectomy,  k 
indicated.  If  tamponage  is  chosen,  fat  or  muscle,  held  in  place 
with  a  few  sutures,  is  probably  superior  to  gauze  as  a  hemostatic 
agent.  Defects  in  the  pelvis,  if  too  large  for  simple  suturing,  may 
be  repaired  by  turning  down  a  flap  of  the  capsule,  or  by  transplanting 
a  piece  of  fascia.  The  possibility  of  injury  to  the  intraperitoneal 
organs  should  not  be  forgotten.  Mild  cases  are  treated  by  ice  to 
the  loin,  internal  astringents,  urinary  antiseptics,  and  rest. 

Rupture  of  the  ureter  is  caused  by  its  being  crushed  against  the 
transverse  process  of  the  third,  fourth,  or  fifth  lumbar  vertebra,  or 
by  traction  on  the  ureter.     All  ruptures  are  above  the  pelvic  brim. 
Shock  is  neither  profound  nor  persistent,  unless  there  be  some  injur} 
to  the  other  abdominal  organs.    A  few  drops  of  blood  in  the  urine, 
with  persistent  pain  and  tenderness  in  the  side,  point  to  injur}*  of 
the  ureter.     If  the  duct  be  completely  ruptured,  cystoscopy  will 
reveal  no  urine  escaping  from  the  affected  ureter,  and  a  retroperi- 
toneal accumulation  of  urine  and  blood  will  appear  after  several 
days.     Complete  obstruction  of  the  ureter  will  cause  atrophy  of  the 
kidney;  partial  obliteration  may  result  in  a  pyo-  or  hydronephrosis. 
If  the  injury  be  uncomplicated,  the  danger  to  life  is  slight,  although 
there  is  little  tendency  towards  spontaneous  repair.    A  tear  in  the 
peritoneum  may  lead  to  a  fatal  peritonitis.    Immediate  anastomosis 
is  the  ideal  treatment.    Lumbar  incision  and  drainage  are  indicated 
after  infection  has  taken  place;  if  a  ureteral  fistula  follows  it  should 
be  treated  as  described  in  chap.  xxix. 

Rupture  of  the  bladder  is  extraperitoneal,  intraperitoneal,  or 
combined  extra-  and  intraperitoneal.  Laceration  of  the  mucous 
membrane  alone,  with  hematuria,  may  follow  a  blow  on  the  hypo- 
gastrium.  Extraperitoneal  rupture  is  usually  associated  with  fracture 
of  the  pelvis.  Intraperitoneal  rupture  is  generally  caused  by  a  forc- 
ing backward  of  the  distended  viscus  against  the  promontory  of  the 
sacrum,  although  in  some  cases  it  may  result  from  contre  coup,  I^ 
uncomplicated  cases  the  rent  is  vertical  and  occurs  at  the  upper  and 
posterior  part  of  the  bladder.  Normal  urine  may  come  in  contact 
with  the  peritoneum  without  causing  inflammation,  but  if  allowed  to 
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remain  or  if  bacteria  are  present  inflammation  quickly  ensues.  The 
injury  is  fatal  without  operation.  With  operation  over  one-half 
die  from  shock,  hemorrhage,  or  peritonitis.  The  symptoms  are 
shock,  hypogastric  pain,  a  sensation  of  something  having  given 
way,  rectal  tenesmus,  and  an  urgent  desire  but  inability  to  urinate. 
The  catheter  reveals  a  little  bloody  urine  or  no  urine  at  all;  it  may 
pass  directly  into  the  abdominal  cavity.  Cases  have  occurred  in 
which  unstained  urine  has  been  withdrawn  from  a  torn  bladder.  A 
measured  quantity  of  boric  acid  solution  may  be  injected  into  the 
bladder;  if  the  same  amount  returns,  the  bladder  is  probably  intact. 
Air  or  hydrogen  may  be  pumped  into  the  bladder,  and  if  the  viscus 
is  intact,  it  will  rise  above  the  pubes  as  a  symmetrical  tumor,  tympan- 
itic on  percussion,  and  the  air  will  rush  out  again  when  allowed  to 
do  so.  When  the  tear  involves  the  peritoneum,  the  gas  will  cause  a 
general  distention  of  the  belly;  when  the  rent  is  extraperitoneal,  an 
emphysema  of  the  extravesical  connective  tissue.  These  injection 
tests  are  not  infallible,  and  may  spread  infection.  Movable  dulness 
in  the  flanks  suggests  intraperitoneal*  rupture,  unilateral  tenderness 
and  tumor  extraperitoneal  rupture.  A  differential  diagnosis  is, 
however,  unimportant  before  operation.  When  symptoms  of  rupture 
are  present,  the  prevesical  space  should  be  opened  through  a 
suprapubic  incision,  and  if  this  be  healthy,  indicating  the  absence 
of  extraperitoneal  rupture,  the  incision  may  be  continued  upwards 
and  the  abdominal  cavity  opened.  An  intraperitoneal  rupture 
should  be  sutured  and  the  peritoneal  cavity  cleaned  and  drained. 
As  a  rule  in  extraperitoneal  rupture,  drainage  is  all  that  can  be  done. 

Rtqitare  of  the  diaphragm  (see  Diaphragmatic  Hernia). 

Wounds  of  the  abdomen  may  be  penetrating  or  non-penetrating. 

Non-penetrating  womids  should  be  excised,  the  fact  of  non- 
penetration  established  by  inspection,  and  the  divided  parts  sutured, 
especial  care  being  taken  to  approximate  the  severed  aponeuroses 
and  muscles,  in  order  to  guard  against  hernia.  If,  however,  there  are 
signs  of  intraabdominal  injury  particularly  after  blunt  violences  or 
a  gimshot  wound,  the  peritoneal  cavity  should  be  opened  and  ex- 
plored, since,  as  mentioned  above,  the  viscera  may  be  ruptured 
without  penetration  of  the  abdominal  wall. 

Penetrating  wounds,  including  those  produced  by  gunshots  and 
stabs,  are  readily  recognized  if  the  viscera  or  the  contents  of  the 
viscera  escape  through  the  wound.  The  symptoms  and  the  dangers 
of  visceral  injury  are  those  of  contusions  of  the  abdomen.  The 
treatment,  even  without  symptoms  of  \'isceral  injury,  is  laparotomy, 
in  order  to  explore  the  abdomen,  check  hemorrhage,  and  close  such 
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visceral  perforations  as  may  be  lound.     A  slab  wound  in  theparietics 
should  be  excised.     If  the  omentum  protrudes  it  should  be  ligated 
and  removed;  if  the  intestine,  washed  with  salt  solution  and  replaced 
in  the  abdomen.     The  opening,  if  conveniently  situated  for  abdominal 
exploration,  may  then  be  enlarged  with  a  fresh  knife.     In  other  cases 
the  opening  left  by  the  excision  may  be  sutured,  and  the  exploratitm 
conducted  through  a  separate  incision  made  with  separate  instni- 
ments.    Gunshot  wounds  are  treated  on  the  same  principles.    If  the 
missile  is  lodged,  the  X-ray  will  locate  it,  and  the  point  of  localization, 
when  considered  in  relation  to  the  wound  of  entrance,  will  give  the 
length  and  direction  of  the  track  of  the  bullet.     This  is  of  particular 
importance  when  the  external  wound  is  in  some  remote  region,  like  the 
chest,  the  loin,  or  the  buttock.     The  parietal  wound  of  entrana 
should  be  treated  as  directed  above  for  a  stab  wound.     The  extent 
of  the  damage  depends  on  the  course  of  the  bullet,  but  in  all  case 
it  is  necessary  to  review  the  whole  of  the  small  intestine  since  the 
coils  are  mobile,  and,  owing  to  their  arrangement,  perforations  from 
a  single  missile  may  be  found  many  feet  apart.     Perforations  espe- 
cially  liable  to  be  missed  are  those  of  the  posterior  wall  of  the 
stomach  or  the  colon,  of  the  hepatic  and  splenic  flexures  of  the  colon, 
and  of  the  lower  sigmoid  and  upper  rectum,  hence  these  regions  must 
be  carefully  examined  when  lying  in  or  near  the  track  of  the  bullet. 
After  dealing  with  the  lesions  of  the  individual  organs,  as  just  out- 
lined under  **  Contusions  of  the  abdomen, '*  the  peritoneal  cavity 
should  be  cleared,  by  sponging,  of  any  blood  or  extravasated  visceral 
contents  which  may  be  present.     Irrigation  with  hot  salt  solution 
is  favored  by  some  surgeons,  especially  when  there  is  much  fecal 
may  be  oation,  but  is  falling  more  and  more  into  disuse.     Drainage 
contaminmitted  il  the  peritoneal  cavity  can  be  left  grossly  clean  and 
dry,  but  if  there  is  still  some  oozing  of  blood,  an  established  peri- 
tonitis, much  contamination  by  fecal  leakage,  or  a  suture  line  through 
which  the  surgeon  fears  leakage  may  occur,  drainage  should  be  em- 
ployed.    Retroperitoneal  lesions  of  the  large  bowel  are  predisposed 
to  leakage,  hence  must  be  drained,  the  best  site  for  the  drain  bang 
the  loin.     Unless  found  quickly  the  missile  should  be  disregarded. 
The  patient  should  receive  a  prophylactic  injection  of  tetanus  anti- 
toxin,   and,    if  necessary,   the  general   treatment  for   shock  and 
hemorrhage. 

In  the  first  months  of  the  European  war,  military  surgeons,  follow- 
ing the  experience  gained  in  previous  conflicts,  treated  abdominal 
injuries  by  rest,  morphia,  and  starvation.  The  resulting  mortality 
according  to  Wallace,  was  about  80  per  cent.,  most  of  those  recover^ 
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ing  being  patients  without  visceral  injury.  Later,  when  the  battle 
line  became  stationary,  the  means  of  transportation  more  rapid,  and 
the  hospitals  further  advanced  toward  the  front,  many  of  the  patients 
were  received  at  a  sufficiently  early  period  to  permit  operation. 
According  to  Hull,  of  the  total  number  of  wounded  reaching  a  hos- 
pital, from  I  to  2  per  cent.,  suffered  from  abdominal  injury, 
and  2oper  cent,  of  these  were  moribund  on  arrival.  Of  those  subjected 
to  laparotomy  46  per  cent,  recovered,  the  recovery  rate  in  those  with 
wounds  of  the  hollow  viscera  being  35  per  cent.  From  the  foregoing 
it  may  be  concluded  that  a  solider  with  a  wound  of  the  abdomen 
should,  if  proper  facilities  are  available,  be  treated  exactly  like  a 
civilian  with  a  similar  wound  i.e.,  by  early  exploration.  Late  opera- 
tion, i.e.,  after  24  or  36  hours,  is  almost  invariably  useless  or  fatal, 
useless  if  the  patient  shows  no  signs  of  peritonitis,  fatal  if  he  does. 
Phantom  tumor  of  the  abdomen  generally  occurs  in  hysterical 
females.  It  is  due  to  either  a  localized  contraction  of  the  abdominal 
muscles,  usually  a  section  of  the  rectus,  or  a  tetanic  spasm  of  the- 
intestine.  The  swelling  may  be  as  hard  as  bone,  but  as  a  rule  varies 
m  consistency  on  different  examinations,  and  disappears  under 
anesthesia,  with  gurgling  if  it  be  intestinal.  The  treatment  is  that 
of  hysteria. 

THE  UMBILICUS 

Inflammation  and  abscess  are  commonly  the  result  of  uncleanli- 
ness,  especially  after  separation  of  the  cord,  or  in  corpulent  adults  in 
whom  the  umbilicus  is  deep.  Eczema  likewise  is  observed.  Tetanus 
neonatorum  and  erysipelas  may  be  caused  by  infection  of  the  um- 
bilicus soon  after  birth.  Benign  and  malignant  tumors  may  occur 
in  this  region,  but  are  rare.  Among  the  cysts  may  be  mentioned  the 
dermoid,  sebaceous,  vitelline  (developing  from  an  unobliterated 
portion  of  the  vitelline  duct),  serous  (due  to  a  shutting  off  of  an 
empty  hernial  sac),  and  the  urachal.  The  last  are  caused  by  disten* 
tion  of  an  unobliterated  portion  of  the  urachus,  which  normally 
extends  from  the  bladder  to  the  umbilicus;  they  are  properitoneal, 
median  in  situation,  sometimes  of  large  size,  and  may  open  both  into 
the  bladder  and  at  the  umbilicus.  The  treatment  of  cysts  is  excision. 
In  some  urachal  cysts  this  is  not  possible,  and  incision  and  drainage 
are  all  that  can  be  accomplished. 

Umbilical  fistulse  may  be  congenital  or  acquired.  Fecal  fistula 
resulting  from  non-closure  of  the  omphalo-mesenteric  duct  (Meckel's 
diverticulum)  are  first  observed  after  the  umbilical  stump  has 
separated.     The  mucous  membrane  may  become  everted  and  form 
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a  red  tumor,  which  has  been  called  a  polypus  or  adenoma  when  the 
communication  with  the  intestine  has  become  obliterated.  When 
the  duct  is  wide  and  short  a  portion  of  the  intestine  may  protrude 
through  the  opening.  Fecal  fistula?  in  the  new-born  have  been 
caused  also  by  including  within  the  ligature  which  surrounds  the 
cord  a  small  umbilical  hernia.  Acquired  fecal  fistulae  follow  condi- 
tions like  strangulated  hernia  and  tuberculous  peritonitis.  Urinary 
fistulcB  are  caused  by  non-obliteration  of  the  urachus,  mucous  fistula 
by  the  omphalo-mesenteric  duct  or  the  urachus  which  has  become 
closed  at  the  visceral  end.  These  fistulae  should  be  excised  and  the 
opening  into  the  viscus  closed.  A  biliary  fistula,  following  perfora- 
tion of  the  gall  bladder,  is  occasionally  seen  at  the  umbilicus.  It 
should  be  excised  and  the  diseased  gall  bladder  drained  or  removed 
after. extracting  any  stones  that  may  be  present.  Umbilical  sinuses 
are  the  result  of  abscesses,  and  require  incision  and  packing. 
Umbilical  hernia  (see  Hernia). 

THE  PERITONEUM,  OMENTUM,  AND  MESENTERY 

Peritonitis,  or  inflammation  of  the  peritoneum,  is  practically 
always  bacterial  in  origin.  It  is  divided  primarily  into  the  acute  and 
chronic  forms. 

Acute  peritonitis  is  caused  by  perforations  of  the  hollow  viscera, 
wounds  of  the  abdomen,  extension  of  inflammatory  processes  from 
the  abdominal  organs  by  contiguity  or  continuity  (e.g.,  from  the 
Fallopian  tubes),  and  by  infection  coming  through  the  blood  or 
lymph  vessels.  Idiopathic  peritonitis  does  not  exist;  rheumatic 
peritonitis  probably  seldom  or  never  occurs.  A  great  variety  of 
micro-organisms  have  been  cultivated  from  cases  of  peritonitis,  and 
in  most  instances  the  infection  is  a  mLxed  one.  The  streptococcus 
pyogenes  is  responsible  for  the  most  severe  forms;  the  staphylococcus 
pyogenes  is  less  virulent.  The  colon  bacillus  is  usually  found  in 
cases  secondary  to  intestinal  lesions.  The  diplococcus  of  pneumonia 
and  the  gonococcus  are  much  less  virulent  in  this  situation  than  are 
other  organisms.  Two  forms  of  acute  peritonitis  are  described. 
( I )  the  localized,  and  (2)  the  diffuse,  or  generalized. 

I .  Acute  locaUzed  peritonitis  is  most  frequent  in  the  vicinity  of 
the  gall  bladder,  the  Fallopian  tubes,  and  the  appendix.  There  is  a 
subperitoneal  collection  of  round  cells,  and  the  peritoneum  becomes 
congested,  looses  its  luster,  sheds  its  endothelium  (especially  in  viru- 
lent infections) ,  and  exudes  a  sero-fibrinous  material,  which  sunomidl 
the  affected  area,  and  which  may  become  purulent,*[f( 
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ized  abscess.  The  pus  may  break  through  the  barrier  of  adhe- 
sions and  cause  a  generalized  peritonitis,  or  it  may  break  into  one  of 
the  hollow  viscera.  In  rare  cases  it  points  externally,  and  in  a  few 
instances  in  which  it  is  well  encapsulated,  it  becomes  inspissated  or 
even  calcareous.  The  fibrinous  material  which  glues  adjacent 
peritoneal  surfaces  together  may  be  absorbed,  or  become  organized 
into  fibrous  adhesions.  The  symptoms  are  localized  pain,  tender- 
ness,, and  muscular  rigidity,  with  fever,  increase  in  the  pulse  rate, 
vomiting,  and  constipation.  Later  the  inflammatory  mass  may 
be  palpated,  giving  either  a  dull  or  tympanitic  note  on  percussion. 
WTien  near  the  surface,  redness  and  edema  of  the  abdominal  wall 
may  be  noted.  Unless  the  infection  is  well  encapsulated,  leukocyto- 
sis is  present.  The  treatment  is  given  under  the  conditions  which 
give  rise  to  the  localized  peritonitis,  as  it  varies  somewhat  according 
to  the  region  aflFected  and  the  cause,  thus  acute  pelvic  peritonitis 
caused  by  the  gonococcus  is  usually  treated  symptomatically  until 
quiescent,  while  localized  peritonitis  the  result  of  appendicitis 
requires  early  operation.  It  should  not  be  forgotten,  however,  that  a 
diffuse  peritonitis  always  begins  as  a  more  or  less  localized  process, 
and  that  in  many  instances  prompt  and  efl&cient  treatment  of  the 
infection  while  still  limited  may  prevent  its  generalization. 

2.  Acute  diffuse  or  generalized  peritonitis  is  usually  the  result  of 
an  extension  of  a  localized  peritonitis,  although  a  large  area  of  the 
peritoneum  may  be  flooded  with  infective  material  from  the  bursting 
of  a  localized  abscess,  or  the  perforation  of  a  hollow  viscus.  The 
peritoneum  is  congested  and  lusterless  and  in  fulgurant  cases  death 
may  occur  from  toxemia  before  further  changes  take  place.  As  a 
rule,  however,  there  is  some  serous  exudation,  and  fibrinous  patches 
form  on  the  area  from  which  the  endothelium  has  been  shed.  At  a 
later  period  the  exudate  becomes  purulent  and  occasionally  bloody. 
The  symptoms  at  the  onset  are  those  of  localized  peritonitis,  or 
when  a  large  amount  of  infective  material  has  been  suddenly  diffused, 
as  in  perforation,  there  will  be  sudden  violent  pain,  profound  shock, 
and  in  some  cases  death  within  a  few  hours.  The  patient  usually 
survives  the  shock,  however,  and  the  temperature  ascends  to  and 
then  above  normal,  and  finally  falls  to  subnormal  as  death  ap- 
proaches, but  the  pulse  remains  quick,  and  becomes  hard  and  wiry 
owing  to  the  rise  in  blood  pressure,  though  in  the  final  stages  it  is 
running  and  compressible.  Chills  are  uncommon  except  in  puerperal 
cases.  Vomiting  is  early  and  persistent,  and  in  the  final  stages 
stercoraceous  material  is  regurgitated  without  effort.  Hiccough  is 
not  infrequent,  and  is  particularly  distressing  because  of  the  increased 
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pain  produced  by  the  spasmodic  contraction  of  the  diaphragm. 
There  is  usually  obstinate  constipation,  occasionally  diarrhea. 
The  patient  lies  on  the  back  with  the  knees  drawn  up,  and  the  face 
has  a  characteristic  anxious  and  pinched  look.  The  abdomen  is 
tender,  rigid,  motionless,  the  breathing  being  quick,  shallow,  and 
entirely  thoracic.  Later  the  abdomen  becomes  tensely  distended 
and  tympanitic,  with  an  amelioration  in  the  pain.  Percussion  may 
show  movable  dulness  in  the  flanks  when  the  effusion  is  great,  or 
absence  of  liver  dulness  in  perforative  peritonitis.  Air  in  the  peri- 
toneal cavity  may  be  demonstrated  also  by  the  X-rays.  On  auscul- 
tation peristaltic  gurgling  is  absent,  and  occasionally  friction  sounds 
can  be  heard,  more  often  in  the  upper  abdomen,  where,  owing  to  the 
action  of  the  diaphragm,  the  viscera  cannot  be  kept  entirely  at  rest. 
Vaginal  and  rectal  examination  may  reveal  tenderness  and  sometimes 
an  inflammatory  mass.  Leukocytosis  is  present  unless  the  infection 
is  overwhelming.  The  urine  is  scanty,  often  contains  albumin  and 
indican,  and  sometimes  tube  casts  (toxic  nephritis).  For  the  condi- 
tions simulating  peritonitis  but  not  requiring  operation  the  student 
is  referred  to  the  section  on  **  Unnecessary  Abdominal  Section." 
Here  we  may  note  the  difficulty  often  encountered  in  differentiating 
peritonitis  from  intestinal  obstruction,  and  from  intestinal  paralysis 
(q.v.)  due  to  causes  other  than  inflammation  of  the  peritoneum. 
Local  peritonitis,  too,  is  often  confused  with  generalized  peritonitis. 

Treatment  of  a  prophylactic  nature  includes  operation  for  chronic 
infections  that  may  become  acute  and  spread,  e.g.,  chronic  appendi- 
citis; for  abscesses  that  may  rupture  into  the  peritoneal  cavity;  for 
lesions  that  may  perforate,  e.g.,  duodenal  ulcer,  and  for  abdominal 
injuries  that  may  be  followed  by  peritonitis. 

Medical  trcatmetit  in  acute  peritonitis  is  indicated  when  operation 
is  inadvisable.     Ochsncr's  method  consists  in  gastric  lavage,  and  no 
food,  water,  or  purgatives  by  mouth.     Purgation  makes  the  feces 
more  liquid,  hence  more  apt  to  leak  through  a  perforation,  and  in- 
creases peristalsis,  which  disseminates  the  infection.     The  lower 
bowel  may  be  emptied  with  an  enema,  water  administered  by  rectum 
as  described  below,  and  the  patient  put  in  the  Fowler  position. 
Poultices  or  ice  bags  on  the  abdomen  are  comforting,  but  have  no 
influence  on  the  disease.     Morphine  lessens  the  pain  and  quiets 
peristalsis,  hence  may  hinder  diffusion  of  the  inflammation,  but, 
since  it  obscures  the  symptoms,  it  should,  if  possible,  be  withhdd 
until  a  positive  diagnosis  is  made.    Tympanites  may  be  treated  as 
described  under  *^ After  Treatment''  in  chap.  iv. 

In  considering  operation  for  acute  generalized   peritAoittt  thft 
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disease  may  be  divided  into  three  stages.  In  the  first,  or  the  stage 
of  contamination,  which  lasts  from  12  to  24  hours,  laparotomy 
should  be  performed  in  all  cases,  excepting  puerperal  peritonitis 
and  that  form  following  salpingitis.  Operation  in  this  stage  might, 
vdth  propriety,  be  included  among  the  prophylactic  measures. 
In  the  stage  of  established  infection  or  suppuration,  i.e.,  during  the 
second  and  third  days,  and  sometimes  for  a  longer  period,  the  chances 
for  recovery  are,  generally  speaking,  as  good  without  as  with  opera- 
tion. It  is  necessary,  however,  to  study  the  individual  case  before 
coming  to  a  decision,  which  is  rendered  much  easier  if  the  source  of 
the  infection  can  be  diagnosticated.  Thus  in  some  instances, 
notably  acute  perforation,  and  peritonitis  due  to  gangrene  or  stran- 
gulation of  the  intestine,  death  is  almost  certain  if  the  condition  be 
left  unmolested,  while  operation  offers  a  slight  prospect  for  recovery. 
Unfortimately  it  is  often  impossible  to  determine  the  cause  of  the 
peritonitis  before  opening  the  abdomen,  and  in  these  cases  one  may 
operate  with  the  hope  of  finding  a  condition  whose  removal  will 
benefit  the  patient.  In  the  third  stage  the  process  is  subsiding 
and  localizing,  and  operation  should  be  posponed  until  the  maximum 
improvement  has  been  obtained. 

The  most  important  principles  involved  in  any  operation  for 
peritonitis  are  rapidity  and  gentleness.  Unless  the  starting  point  of 
the  inflammation  can  be  localized,  the  incision  should  be  made  in  the 
middle  line  below  the  umbilicus,  and  the  cause  of  the  peritonitis, 
e.g.,  a  gangrenous  appendix,  surrounded  with  gauze  and  quickly 
removed.  The  gauze  packing  prevents  further  dissemination  of  the 
infection  and  absorbs  a  large  quantity  of  the  peritoneal  exudate. 
Drainage  may  sometimes  be  avoided  in  early  operations  (see 
"Penetrating  Wounds  of  the  Abdomen")  j  t)ut  should  always  be  empl- 
oyed when  there  is  suppuration.  All  that  is  usually  necessary  is  to 
pass  a  gauze  drain  down  to  the  site  of  the  original  focus  of  infection. 
In  some  cases,  however,  an  additional  drain  may  be  placed  in  the 
lowest  portion  of  the  pelvis  (gaining  exit,  in  the  female,  through  the 
vagina).  Irrigation  of  the  abdomen  increases  the  shock  and  may 
disseminate  the  infection.  Rubber  tubes  in  the  free  peritoneal 
cavity  likewise  are  contraindicated,  as  already  explained  under 
"Surgical  Technic.''  After  the  gauze  pack  has  been  removed,  the 
wound  is  sutured,  except  at  the  point  where  the  drain  emerges,  and 
covered  with  a  sterile  dressing.  The  patient  may  then  be  put  in  the 
semi-sitting  posture,  or  the  head  of  the  bed  raised  two  or  three  feet 
(Fowler's  position),  iu'Order  to  drain  the  fluids  into  the  pelvis  and 
away  from  the  diaphragm,  in  which  region  absorption  is  said  to  be 
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most  active.  In  the  gravely  ill,  however,  the  depressing  effects  of  the 
upright  posture  upon  the  heart  far  outweigh  the  theoretical  advan- 
tages just  mentioned.  The  writer  prefers  to  place  the  patient  in  the 
Sims  position,  i.e.,  almost  on  the  abdomen,  on  the  right  side  if  the 
incision  is  right-sided  or  median,  on  the  left  side  if  the  incision  is  on 
the  left  side.  Water  should  be  given  by  bowel,  eight  ounces  ever\* 
three  hours,  or  by  continuous  prociolysis  {Murphy  method)^  i.e.,  by 
means  of  a  fountain  syringe,  the  reservoir  of  which,  surrounded  by 
hot  water  bags,  is  but  slightly  higher  than  the  rectum,  so  that  the 
water  shall  enter  no  faster  than  absorption  takes  place,  the 
patient  getting  perhaps  a  pint  or  two  in  the  course  of  an  hour 
(see  '^Enteroclysis'O-  This  stimulates  the  heart  and  kidneys, 
eliminates  septic  material  which  has  entered  the  circulation,  and 
reverses  the  current  in  the  lymphatics  of  the  peritoneum,  making 
that  membrane  a  secreting  instead  of  an  absorbing  one.  Occa- 
sionally proctolysis  seems  to  increase  the  distention  and  provoke 
vomiting,  in  which  event  salt  solution  may  be  given  intravenously 
or  subcutaneously.  Nothing  is  given  by  mouth  until  the  stomach  is 
retentive,  stimulants  arc  freely  administered,  and  an  early  movement 
of  the  bowels  is  secured  by  means  of  enemata.  When  there  is  great 
distention  which  cannot  be  relieved  by  the  usual  remedies  for  tym- 
panities,  an  artificial  anus  may  be  established.  The  prognosis  ^ill 
depend  upon  the  character,  duration,  and  extent  of  the  infection, 
and  the  resistance  of  the  individual.  Including  all  forms,  irrespec- 
tive of  the  cause,  the  mortality  is  from  15  ito  20  per  cent,  in  cases 
which  are  in  fair  condition  at  the  time  of  operation,  and  50  per  cent, 
or  more  in  those  in  bad  condition. 

Chronic  peritonitis  may  be  (i)  simple  or  (2)  tuberculous. 

1.  Simple  chronic  peritonitis  may  be  localized  or  diffuse.  It 
generally  follows  the  acute  form,  but  may  in  mild  infections  be 
chronic  from  the  start.  The  peritoneum  is  thickened,  and  the  adja- 
cent surfaces  fastened  together  by  more  or  less  firm  adhesions.  Sac- 
culated effusions  are  sometimes  encountered.  Syphilis  is  said  to  be 
resj)onsible  for  some  cases.  The  treatment  is  directed  to  the  cause. 
Adhesions  may  be  separated  if  they  give  rise  to  symptoms,  e.g.,  pain 
or  obstruction. 

2 .  Tuberculous  peritonitis  may  be  primary,  but  is  usually  second- 
ary to  disease  in  a  distant  organ,  or  to  tuberculosis  of  some  other 
abdominal  structure,  particularly  the  lymph  glands,  the  intestine, 
or  the  Fallopian  tubes.  It  is  more  common  in  females,  and  is  lardy 
seen  before  the  third  or  after  the  fiftieth  year.  Three  fomis  are 
described:  (a)  the  ascitic  form  presents  itself  as  a  free lor  noooblied 
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serous,  sero-fibrinous,  or  occasionally  purulent  exudate,  as  the  result 
of  a  diffuse  miliary  invasion  of  the  peritoneum ;  it  is  sometimes  com- 
plicated by  cirrhosis  of  the  liver,  and  it  may  eventuate  in  the  adhe- 
sive form,  (b)  The  fibrous  or  adhesive  variety  is  characterized  by  a 
slow  course  and  the  absence  of  fluid.  The  abdominal  organs  are 
glued  together,  and  gray  or  yellow  tubercles  are  found  among  the 
adhesions.  Not  unusually  the  omentum  is  rolled  upon  itself  and 
is  palpable  as  a  transverse  mass  in  the  upper  part  of  the  abdomen, 
(c)  The  caseous  or  suppurative  form  is  a  later  stage  of  the  adhesive 
variety.  The  tubercles  caseate  and  give  rise  to  abscesses,  which 
may  point  externally,  especially  at  the  navel,  and  lead  to  fecal  fistulas, 
the  bowel  often  being  opened  by  ulceration. 

The  local  symptoms  may  arise. suddenly  and  resemble  those  of 
acute  appendicitis  or  other  acute  intraabdominal  conditions,  or  the 
general  symptoms  may  predominate  and  typhoid  fever  be  simulated. 
Most  of  the  cases,  however,  are  chronic.  Pain  and  tenderness  are 
rarely  severe  and  may  be  entirely  absent.  Dysuria  is  not  imcommon, 
j>articularly  in  women.  The  digestion  is  disturbed,  although  vomit- 
ing is  rare,  and  diarrhea  is  absent  unless  there  is  disease  in  the  intes- 
tine. The  temperature  rises  one  ^r  two  degrees  in  the  evening,  night 
sweats  may  occur,  and  there  is  a  gradual  loss  of  weight.  The  subcu- 
taneous abdominal  veins  are  generally  distended,  and  free  or  encapsu- 
lated fluid  may  be  detected  in  the  peritoneal  cavity  and  not  infre- 
quently in  a  patent  processus  vaginalis  or  canal  of  Nuck.  The  rolled 
up  omentum  can  be  felt  and  sometimes  seen.  Masses  of  adherent 
intestine  or  enlarged  lymph  glands  may  be  found  on  external,  vagi- 
nal, or  rectal  palpation.  Symptoms  of  stenosis  of  the  intestine  may 
be  present,  the  liver  and  spleen  are  often  enlarged,  and  tuberculosis 
may  be  detected  in  distant  parts  of  the  body. 

The  treatment  may  be  medical  or  surgical.  Medical  treatmefit 
includes  the  general  measures  employed  for  tuberculosis  elsewhere 
and  local  applications  of  green  soap,  mercurial  ointment,  iodin,  elastic 
collodion,  or  guaiacol.  The  X-ray  and  intraperitoneal  injections  of 
a  weak  solution  of  iodin  also  have  been  used.  Surgical  treatmefit 
is  of  the  greatest  value  in  the  ascitic  form,  in  which  laparotomy  is 
followed  by  at  least  50  per  cent,  of  permanent  cures.  All  that  is 
needed  is  to  open  the  abdomen,  evacuate  the  fluid,  and  close  without 
drainage.  If  the  cause  of  the  disease,  e.g.,  a  tuberculous  appendix 
or  Fallopian  tube,  is  discovered,  this  may  be  removed.  Separation 
of  adhesions  is  not  infrequently  followed  by  fecal  flstulae.  The  reason 
for  the  beneficial  effect  of  a  simple  laparotomy  is  not  known.  It 
has  been  supposed  that  the  operation  causes  hypmnj^^ABd  the 
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outpouring;  of  an  antitoxic  serum.     If  fluid  recollects,  it  may  be 
aspirated  or  a  second  laparotomy  performed. 

Malignant  disease  of  the  peritoneum  may  be  priniar>'  ^endotb^ 
lioma),  but  is  usually  the  result  of  secondary  deposits  from  a  papi!- 
liferous  cyst  of  the  ovary  or  a  carcinoma  of  the  ovary,  stomach.  Iiva 
or  intestine,  the  cancer  cells  having  been  diffused  by  the  peritonea! 
currents  and  the  movements  of  the  viscera.  The  symptoms  art 
those  of  cachexia  and  ascites.  The  fluid  withdrawn  by  tapping  is 
often  blood  stained  and  sometimes  contains  the  tumor  cells,  iluiti- 
ple  noflules  can  be  felt  through  the  abdominal  wall  and  by  rectum 
and  vaginie. 

Paracentesis  abdominis  is  performed  for  the  removal  of  fluid  from 
the  peritonea!  cavity.  The  bladder 
should  be  emptied,  and  a  spot  of 
absolute  dulness  selected  in  the 
median  line  below  the  umbilicus. 
The  patient  sits  up,  and  a  broad 
flannel  binder  with  an  opening  in 
front  is  passed  around  the  abdomen 
anc^held  by  an  assistant  behind,  so 
as  to  make  pressure  upon  the  abdo- 
Pic.  374-— DiaKram  showing  the  men.  The  skin  is  then  sterilized,  a 
7?^"!!'^'"'?;'"*^^''^"%' ^^'^'''i   small  incision  made  in  the  skin  with 

Liver  and  spleen  shaded.      Pentoneal 

reflection  to  diaphragm  in  red.    V.  a  scalpel,  the  trocar  and  Cannula  in- 

Venacava,    /t.  Aorta,    F.L,  Falciform  ,    ,  j  »i.      .  -.t_  j 

ligament.    L.L.  Left  lateral  ligament,   scrted,  and  the  trocar  Withdrawn. 
c.  and  R.  L.  coronary  and  right  lateral        Subphrenic  absccss  is  an  abscess 

lisament.     (i)  Right  anterior,  (a)     .  *  ,       ,.      ,  .,      , 

right  posterior,  (^  left  anterior,  and    jUSt  beneath  thC  diaphragm.       AbOUt 

S  mSlSf  "p%1"£c%":::  -""-"■M  of  the  cases  are  due  to  nip- 
(6)  Right  and  (7)  left  retroperiioncai  tured  gastric  Or  duodenal  ulccr,  one- 
fourth  to  appendicitis,  one-fifth  to 
infections  of  the  liver  and  biliary  ducts,  and  the  remainder  to  po^ 
foration  of  the  intestine,  trauma,  pyemia,  and  suppurative  processes 
in  the  female  generative  organs.  s]>leen,  pancreas,  kidney,  ribs,  verte- 
bra, or  i>Ieura,  hence  the  abscess  may  be  (a)  intraperitoneal  or  (b) 
retroperitimeal.  (a)  In  the  intraperitoneal  variety  (83  per  cent,  of 
890  cases  collected  by  Piquand)  the  infection  is  transmitted  from 
the  primary  focus  by  the  intraperitoneal  lymph  stream,  which  flows 
towards  the  diaphragm,  or  by  a  spreading  peritonitis.  Its  situation 
depenils  ui>on  the  location  of  the  causative  lesion  and  the  arrange- 
ment of  the  subphrenic  peritoneal  fossas,  which  are  five  in  number, 
four  phrenohepatic,  formed  by  the  cruciform  reflection  of  the  peri- 
toneum from  the  liver  to  the  diaphragm,   and  one  phrenospleoie 
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(Fig.  374).  (i)  Riglii  anterior  phrcnohepatic  abscess  is  the  most  fre- 
quent ^36  per  cent.) ;  it  lies  between  the  right  lobe  of  the  liver  and 
the  diaphragm,  to  the  right  of  the  falciform  ligament,  and  in  front 
of  the  coronary  and  right  lateral  ligaments.  (2)  The  right  posterior 
form  (10  per  cent.)  is  behind  the  coronary  ligament,  extends  down 
towards  the  right  kidney,  and  is  often  associated  with  the  right 
anterior  form.  (3)  Left  anterior  abscess  (30  per  cent.)  presents  in  the 
epigastrium,  adhesions  limiting  it  below.  (4)  A  left  posterior  collection 
(3  per  cent.)  distends  the  lesser  peritoneal  cavity,  consequently  is 
behind  the  stomach.  (5)  Phrenosplenic  or  perisplenic  abscess  (4  per 
cent.)  occupies  the  space  above  and  about  the  spleen,  (b)  In  retroperi- 
toneal  abscess  the  infection  travels  by  way  of  the  lymph  vessels  or 
by  a  spreading  cellulitis,  (i)  Right  retroperitoneal  abscess  (15  per 
cent.)  may  extend  forwards  between  the  layers  of  the  coronary  and 
falciform  ligaments  and  point  in  the  epigastrium,  or  downwards 
and  point  in  the  right  loin;  (2)  left  retroperitoneal  (2  per  cent.)  forwards 
between  the  layers  of  the  left  lateral  ligament  and  downwards  to  the 
left  loin.  A  subphrenic  abscess  often  contains  gas,  owing  to  the 
presence  of  the  colon  bacillus,  or  to  perforation  of  the  gastro- 
intestinal canal  or  lung.  It  may  cause  empyema,  rarely  pyoperi- 
cardium,  by  breaking  into  the  pleural  cavity  or  pericardium,  or  by 
extension  of  the  infection  along  the  lymphatics  through  the  diaphragm 
without  perforation.  It  may  break  also  into  the  lung,  the  general 
peritoneal  cavity,  the  stomach,  the  intestine,  the  mediastinum,  or 
in  rare  instances  externally  (hypochondrium,  epigastrium,  loin). 

The  SjrmptQms  are  usually  preceded  or  accompanied  by  those  of 
the  causative  lesion.  The  general  phenomena  are  those  of  sepsis. 
Locally  there  are  pain  and  tenderness,  muscular  rigidity,  perhaps 
swelling  and  edema,  and,  on  percussion,  a  tympanitic  area  which 
moves  with  the  position  of  the  patient,  or  dulness.  Friction  sounds 
are  occasionally  heard  and  when  the  abscess  contains  gas  all  the 
signs  of  pneumothorax  may  be  present,  hence  the  lerm  false  pneumo- 
thorax. Fluoroscopic  examination  reveals  elevation  and  possibly  im- 
mobility of  the  diaphragm  on  the  affected  side,  below  which  (patient  in 
erect  position)  is  a  clear  area  if  the  abscess  contains  gas.  The  liver  or 
the  spleen  is  depressed.  Exploratory  aspiration  may  be  made  in  the 
tenth,  ninth,  eighth,  and  seventh  interspaces,  in  the  order,  named, 
first,  below  the  scapula,  and  then,  if  no  pus  is  found,  in  the  midaxillary 
line,  but  never  through  the  peritoneum,  and  only  when  all  prepara- 
tions have  been  made  for  immedite  operation  in  case  the  abscess  is 
located.  The  diagnosis  of  subphrenic  abscess  is  often  difficult, 
and  the  conditions  which  it  resembles  are  often  associated  with  it. 
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In  hej)alic  abscess  there  may  be  jaundice  and  gas  is  never  present. 
Pancreatitis  may  reveal  itself  by  the  laboratory  tests  for  this  condi- 
tion. In  empyema  the  pulmonary  sjTnptoms  are  more  marked,  the 
upper  level  of  the  fluid  is  concave  instead  of  convex,  the  heart  is 
pushed  to  one  side  rather  than  upwards,  the  liver  is  not  depressed, 
the  obliquity  of  the  ribs  is  increased  (being  decreased  in  subphrenic 
abscess),  the  level  of  the  diaphragm  as  shown  by  the  X-ray  is  not 
disturbed,  the  Litten  phenomenon  (visibility  of  the  excursions  of  the 
diaphragm  in  the  intercostal  spaces)  is  absent,  and  Traube's  space 
is  rarely  obliterated,  a  sign  which  may  occur  in  left  subphrenic  ab- 
scess. Bronchial  breathing,  owing  to  compression  of  the  lung,  is 
sometimes  heard  in  subphrenic  abscess,  but  never  egophony.  In 
empyema,  on  exj^loratory  puncture,  the  pus  is  more  superfidal, 
escapes  under  greater  pressure  during  expiration  (the  reverse  being 
true  in  subphrenic  abscess),  and  the  needle  does  not  oscillate.  AMien 
the  needle  passes  through  the  diaphragm  its  outer  end  ascends  on 
inspiration,  descends  on  expiration.  When  a  serous  pleural  effu- 
sion and  a  subphrenic  abscess  are  both  present,  one  may  obtain 
serous  fluid  superficially  and  fetid  pus  at  a  deeper  level,  or  serum  in 
the  sixth  or  seventh  interspace  and  pus  in  the  ninth  or  tenth.  The 
mortality  of  subphrenic  abscess  is  almost  icx)  per  cent,  without  opera- 
tion, 50  per  cent,  with  operation. 

The  treatment  is  evacuation.  According  to  the  situation  of  the 
abscess,  the  incision  will  be  made  in  the  epigastrium,  the  hypochon- 
drium,  the  loin,  or  through  the  diaphragm  after  resecting  the  ninth 
or  tenth  rib  and  pushing  the  pleura  upwards  (subpleural  route),  or 
sewing  the  diaphragm  to  the  parietal  pleura  (transpleural  route). 

The  omentum  has  been  called  **the  policeman  of  the  abdomen,'* 
because  of  its  tendency  to  adhere  to  and  surround  diseased  processes 
and  prevent  their  diffusion;  it,  therefore,  participates  in  diseases 
common  to  the  peritoneum. 

Volvulus  of  the  omentum  in  most  instances  is  caused  by  fordble 
taxis  of  an  epiplocele,  although  it  may  occur  without  the  presence  of 
a  hernia.  The  omentum  becomes  gangrenous,  and  the  patient  is 
usually  operated  upon  with  the  idea  that  he  has  a  strangulated 
hernia  or  appendicitis.  A  doughy  abdominal  tumor  coming  on 
after  attempts  to  reduce  a  hernia  should  make  one  suspicious  of  an 
omental  torsion.     The  involved  portion  should  be  excised. 

Ttmiors  of  the  omentum  and  mesentery  are  uncommon^  and  aie 
generally  sarcomatous  in  nature,  although  benign  growths  and 
secondary  carcinoma  may  occur.  Free  fatty  tumors  in  the  peiitoneil 
cavity  represent  lipomata  of  the  omentum  or  epiploic  appendages, 
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licle  of  which  has  broken.  The  rolled  up  tuberculous  omen- 
s  already  been  described.  Cysts  of  the  omentum  and  mesen- 
jo  are  rare,  and  are  frequently  caused  by  the  echinococcus 
lystic  degeneration  of  malignant  disease.  In  the  mesentery 
sanguineous,  chylous  (Fig.  375),  and  dermoid  cysts  have  been 
d.  These  tumors  and  cysts  are  freely  movable,  surrounded 
ipany  on  all  sides,  and  arc  not  connected  with  the  pelvis. 
;atment  is  extirpation,  an  operation  that  may  necessitate 
al  resection.  When  the  extirpation  of  a  cyst  is  impossible 
be  opened  and  stitched  to  the  abdominal  wall. 
roperitoneal  tumors,  excluding  those  of  the  kidney  and  the 
■.s,  are  usually  sarcomata,  lipomata,  or  dermoids.  Tabulated 
^  representing  enlarged  I>Tnph  glands  may  be  due  to  syphilis, 
losis,  leukemia,  Hodgkin's  disease,  typhoid  fever,  primary 
sarcoma,  or  to  secondary  new 
i,  either  sarcoma  or  carcinoma, 
lar  mention  should  be  made  of 
tastatic  involvements  of  these 
jccurring  in  chloroma,  IjTnpho- 
i  of  the  neck,  and  malignant  dis- 
iie  testicle.  Failure  to  ascertain 
ire  of  a  tumor  that  has  been  ex- 
jm  the  neck,  or  to  note  that  the 
has  been  removed  or  is  diseased, 
.d  to  a  useless  abdominal  opera- 
i^hronic  abscesses,  most  frc- 

Originating    in    a    tuberculous     F'G-STS— cm  of  mesentery,  prob- 
•»•  1  I.    J      ■^-  1  ably  chylous. 

itis  oT  lymphademtis,  also  are 

d,  and  the  possibility  of  aneurysm  should  not  be  forgotten. 

.languishing  features  of  a  retroperitoneal  tumor  are  its  im- 

f,  the  presence  of  tympany  in  front  of  it,  and  often  the  ab- 

■  paucity  of  symptoms  referable  to  the  intraperitoneal  organs. 

:ritoneaI  tumors  amenable  to  operation  may  be  extirpated 

i  front,  thus  going  through  the  anterior  and  posterior  parietal 

tum.    Abscesses  should   be   drained  extraperitoneally,   by 

ion  in  the  loin  or  above  Poupart's  ligament. 

imboeis  or  embolism  of  the  mesenteric  vessels  causes  gan- 

that  portion  of  the  intestine  supplied  by  the  vessel  involved, 

ie  vessel  be  small,  when  there  may  be  only  engorgement  of  the 

!,  or  ulceration,  followed  perhaps  by  perforation.     In  some 

le  mesentery  is  distended  with  extravasated  blood.     The 

n  is  rare  in  children,  most  of  the  cases  occurring  between  the 
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thirtieth  and  seventieth  years,  men  being  affected  nearly  twice  as 
often  as  women.  Embolism  is  frequently  the  result  of  cardiac  disease, 
and  is  sometimes  associated  with  the  presence  of  emboli  in  other  por- 
tions of  the  body.  Thrombosis  is  caused  by  acute  or  chronic  plll^ 
bitis,  the  result  of  infection  from  the  intestine  or  other  organ»  or  by 
chronic  endarteritis.  In  Trotter's  collection  of  366  cases,  the  arteries 
were  involved  in  53  per  cent.,  the  veins  in  41  per  cent.,  both  in  six 
per  cent.  The  superior  mesenteric  vessels  were  more  often  occluded 
than  the  inferior.  The  diagnosis,  before  operation  or  autopsy,  was 
made  thirteen  times.  The  symptoms  are  sudden  intense  pain, 
bloody  diarrhea  in  half  the  cases,  vomiting,  subnormal  temperature, 
rapid  pulse,  meteorism,  and  abdominal  rigidity.  The  treatment  is 
resection  of  the  gangrenous  intestine,  if  the  process  be  sufficiently 
limited.  If  the  superior  mesenteric  artery  is  occluded  near  its 
origin,  the  entire  small  intestine,  with  the  ascending  and  transverse 
colon,  will  be  gangrenous  and  no  treatment  applicable.  In  Trotters 
series  36.2  per  cent,  of  those  operated  upon  recovered. 

THE  STOMACH 


Congenital  stenosis  of  the  pylorus  is  due  to  spasm  or  to  what  b 
probably  the  result  of  persistent  spasm,  hypertrophy  of  the  sphincter 
with  fibrous  overgrowth  of  the  submucous  tissues.  The  SjrmptoiDS 
which  usually  begin  from  a  few  days  to  a  few  weeks  after  birth,  arc 
vomiting,  intermittent  if  caused  by  spasm  of  the  pylorus,  persistent, 
regular,  projectile,  and  not  bile  stained  if  the  result  of  complete 
stenosis;  distention  of  the  upper  abdomen,  due  to  dilatation  of  the 
stomach;  retraction  of  the  lower  abdomen,  due  to  Collapse  of  the 
bowel;  palpable  pyloric  tumor  in  two-thirds  of  the  cases;  visible  gas- 
tric peristalsis,  passing  from  left  to  right;  emaciation,  progressive  in 
complete  stenosis;  oliguria;  and  constipation,  alternating  with  diarr- 
hea in  pylorospasm,  and  extreme  in  complete  stenosis,  an  additional 
sign  of  which  is  the  failure  of  methylene  blue  to  appear  in  the  stools 
after  being  taken  by  mouth.  X-ray  examination,  after  the  adminisr 
tration  of  barium,  shows  the  gastric  dilatation;  in  pylorospasm  the 
bismuth  may  be  retained  in  the  stomach  for  a  variable  period  and 
then  passed  rapidly  into  the  duodenum;  in  complete  stenosis  the  bis- 
muth remains  in  the  stomach  until  vomited. 

The  treatment  of  spasmodic  or  incomplete  stenosis  is  daily  gastik 
lavage;  small  quantities  of  peptonized  milk  or  beef  juice  by  month 
supplemented  by  nutrient  enemata  and  cod-liver  oil  JnnnrtKPS' 
heat  to  the  abdomen;  and  small  doses  of  the  bromides  or  QpiBBl 


ABDOMEN  689 

rectum.  If  vomiting  and  emaciation  continue,  or  if  there  are  signs 
of  complete  occlusion,  the  Rammstedt  operation  should  be  performed. 
A  short  incision  is  made  through  the  right  rectus  muscle,  the  pylorus 
grasped  between  the  thumb  and  the  index  linger,  and  its  outer  coats 
severed,  from  the  normal  gastric  wall  almost  to  the  duodenum,  in 
the  axis  of  the  pylorus,  over  the  least  vascular  portion  of  the  tumor, 
which  is  usally  the  upper  and  outer  quadrant.  The  mucous  mem- 
brane bulges  into  the  gap,  which  may  be  widened  by  inserting  the 
end  of  a  pair  of  hemostatic  forceps  and  gently  separating  the  blades. 
The  pylorus  may  then  be  dropped  back  into  the  abdomen,  or  the 
gap  may  be  filled  with  fat  or  muscle,  or  covered  with  a  flap  of  peri- 
toneum. As  soon  as  the  effects  of  the  anesthetic  have  disappeared, 
the  baby  may  begin  to  nurse  from  the  breast,  at  first  for  brief  periods, 
which  are  gradually  lengthened  until  the  normal  is  reached.  The 
special  dangers  of  the  operation  are  perforation  of  the  mucous  mem- 
brane, particularly  when  the  incision  approaches  the  duodenum; 
hemorrhage,  which  may  prove  fatal  after  operation,  unless  great 
care  is  taken  to  stop  all  bleeding,  even  though  it  may  appear  to  be 
of  a  trivial  nature;  and  breaking  open  of  the  incision  in  the  abdominal 
wall  .owing  to  s  training  and  crying,  hence  the  stitches  should  be  allowed 
to  remain  for  two  weeks,  and  the  abdomen  supported  with  broad 
band  s  of  adhesive  plaster.  The  mortality  of  gastroenterostomy  for 
congenital  pyloric  stenosis  is  about  50  per  cent.,  that  of  the  Ramm- 
stedt operation  about  25  per  cent.  The  Rammstedt  operation 
necessitates  only  a  short  incision  in  the  abdominal  wall,  and  can  be 
performed  much  quicker  than  gastroenterostomy,  both  of  which 
features  are  of  considerable  importance  when  dealing  with  an  infant. 
Rupture  of  the  stomach  (see  *' Contusions  of  the  Abdomen")- 
Foreign  bodies  which  are  swallowed  may  give  no  trouble,  and 
finally  be  expelled  through  the  anus.  Balls  of  hair,  etc.,  which  have 
formed  as  the  result  of  the  habit  of  swallowing  small  particles  of  such 
material,  may  reach  a  great  size  and  be  mistaken  for  a  neoplasm. 
In  these  cases,  or  in  case  a  small  foreign  body  lodges  and  causes 
mischief,  gastrotomy  may  be  performed  and  the  offending  material 
removed.  The  X-ray  will  often  be  of  value  for  diagnostic  purposes. 
Peptic  ulcer  of  the  stomach  is  due  to  auto-digestion  of  the  gastric 
wall  as  the  result  of  excessively  acid  gastric  juice  (hypcrchlorhydria), 
the  resistance  of  the  mucous  membrane  often  being  lowered  by 
anemia,  gastritis  (especially  the  alcoholic  form),  sometimes  by  throm- 
bosis, and  occasionally  by  injury.  Ulcers  due  to  syphilis,  tubercu- 
losis, neoplasms,  certain  forms  of  toxemia  (hemorrhagic  erosion), 
the  swallowing  of  corrosives,  etc.,  are  not  included  under  this  heading, 
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although  the  symptoms  may  be  identical  with  those  of  peptic  ulcer. 
Ninety  per  cent,  of  the  peptic  ulcers  are  situated  on  the  fK)sterior 
wall  of  the  pyloric  region  near  the  lesser  curvature,  because  it  is 
against  this  point  that  the  gastric  contents  are  hurled,  during  diges- 
tion, by  the  contraction  of  the  greater  curvature.  Two  forms  are 
described,  the  acute  and  the  chronic. 

Acute  ulcer  is  round,  smooth,  and  funnel-shaped,  with  the  base 
towards  the  cavity  of  the  stomach.  The  edges  are  sharply  defined, 
have  little  or  no  induration,  and  healing  takes  place  with  scarcely 
any  contraction.  Acute  ulcer  is  most  frequent  in  chlorotic  females 
between  the  fifteenth  and  the  thirtieth  year.  It  is  generally  single, 
but  sometimes  there  are  multiple  ulcers,  which  may  involve  not 
only  the  stomach,  but  also  the  duodenum  and  the  lower  end  of  the 
esophagus. 

Chronic  ulcers  are  usually  solitary  (95  per  cent.),  have  indurated 
edges,  and  may  be  large  and  irregular.  They  produce  great  con- 
traction when  they  heal,  are  often  adherent  to  adjacent  viscera, 
and  usually  ocur  in  males  (75  per  cent,  of  the  cases)  between  the 
ages  of  thirty  and  fifty.  According  to  Mayo  two-thirds  of  all  ulcers 
of  the  stomach  and  duodenum  are  duodenal.  Duodenal  ulcer  is 
discussed  in  the  section  on  *'The  Intestines." 

Symptoms  may  be  entirely  absent  {latent  ulcer).  In  a  tj^pical 
case  there  is,  in  addition  to  the  symptoms  to  be  noted  below,  indiges- 
tion, i.e.,  flatulence,  acid  eructations  (heart  burn),  and  a  sensation 
of  fullness,  heaviness,  burning,  or  uneasiness  in  the  epigastrium. 
Although  almost  all  patients  with  gastric  ulcer  have  indigestion, 
in  most  cases  of  indigestion  the  cause  is  not  in  the  stomach,  and  in 
many  cases  not  even  in  the  abdomen.  The  pain  of  gastric  ulcer  is 
dull  and  gnawing,  occasionally  sharp.  It  occurs  in  the  region  of  the 
ulcer,  often  passes  through  to  the  back,  and  is  sometimes  felt  beneath 
the  sternum,  around  the  heart,  in  the  neck  over  the  corresponding 
vagus,  or  in  the  larynx.  It  is  relieved  by  sodium  bicarbonate  and 
vomiting.  If  the  pain  is  continuous,  or  does  not  cease  after  vomit- 
ing, it  is  generally  not  due  to  ulcer,  unless  the  ulcer  has  reached  the 
peritoneum  or  become  malignant.  The  time  the  pain  occurs  depends 
upon  the  situation  of  the  ulcer.  In  ulcers  to  the  left  of  the  median 
line  pain  may  be  experienced  as  soon  as  food  enters  the  stomach; 
in  pyloric  ulcer  pain  may  not  occur  for  one,  two,  or  three  hours  after 
meals.  When  pain  is  deferred  until  near  the  next  meal  and  is 
relieved  by  eating  (hunger  pain)  the  ulcer  is  usually  in  the  duodenum. 
Pain  after  eating  is  due  to  peristalsis,  gaseous  distension,  physiologic 
congestion,  increase  in  the  HCl,  and  to  direct  irritation  of  the  food. 
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The  tenderness,  as  a  rule,  is  sharply  localized  to  one  point,  the 
situation  of  which  is  governed  by  the  situation  of  the  ulcer  (Fig.  376). 
Rigidity  of  the  epigastric  muscles  is  most  frequent  when  the  ulcer 
^read  to  the  peritoneum.  Vomiting  occurs  at  periods  fixed  by  the 
pain.  It  may  be  self-induced,  but  is  more  often  involuntary,  being 
caused  by  pylorospasm  in  acute  ulcer  and 
in  the  early  stages  of  chronic  ulcer,  and 
usually  by  mechanical  obstruction  in  late 
cases.  Vomiting  without  pain  or  indiges- 
tion is  rarely  due  to  ulcer.  Bleeding  mani- 
fests itself  by  hematemesis,  visible  or  occult 
blood  in  the  stools,  or  by  the  general  symp- 
toms of  anemia.  Hematemesis  occurs  in 
one-third  of  the  cases,  the  quantity  of  blood 
varying  from  a  few  drops  to  a  pint  or  more. 
In  chronic  cases  a  tumor  may  sometimes 

,        -  ,  .  ,       ,  .       .  ,    ,  ^^^-     376.— Tender    points 

be  felt.      As  a  rule  the  appetite  is  good,  but   in  some  abdominal  affections. 

the  patient  is  afraid  to  eat.     Anorexia  is  I;  ^^^Zc^^oTJ whTZ 

more    frequent   in    carcinoma.      The    Symp-   median  line;  pain  may  radiate 

.     ,.      ,,  /..  •  •    X        ^P  beneath  the  sternum  and 

toms  recur  periodically,  oftener  in  winter  to  the  heart.  2.  uicer  near 
than  in  summer,  so  that  relapses  after  ap-  ^^e  pylorus.    3.  Duodenal 

'  ...      ulcer.    In  1,2,  and  3,  pain  may 

parent  cure  are  common.     Emaciation  is  strike  through  to  the  back.    4. 

•    J  J-     4.1.^  'xT •  4.      A  'i.      Affections  of  the  gall-bladder 

induced  m  those  cases  With  persistent  vomit-  (Robsons  point);  pain  may 
ing.     Examination  of  the  stomach  contents  radiate  to  epiga^stnum.  around 

*^  /.,»/-.!         A  r  1      •    •  the  right  side  of  the  back,  and 

shows  an  excess  of  HCl.     After  administer-  up  to  the  right  shoulder.    5. 

ing  barium,  the  ulcer,  if  deep,  may  show  on  fa'din%"  pli^tTS'rai^u; 
a  skiagram  as  a  notch  with  the  base  towards  ^o  ^^e  epigastrium  and  some- 

-  i_  J  •  1.  •        i_  times  to  the  left  shoulder.     6. 

the  Stomach,    and   opposite    this   there  may    Appendicitis  (Mc  Bur neys 

be  a  sharp  indentation  of  the  greater  curva-  ^^'''^^\  p^J"*.  °^*^^  ^!«^?,^'' 

^  °  ^  the  epigastrium  or  about  the 

ture,  due  to  spasm.     An  aero-bismuth  diver-  umbilicus.    7.   Diverticulitis. 

^1  •  !•   \^A.     A.    •  •  J  8'  Ovaritis;  pain  may  radiate 

ticulum,  i.e.,  a  light  stam  superimposed  on  down  the  thigh.  9.  Renal 
a    dark    stain,    means   penetration  into  a  f°}i«^''  p*^"  radiates  from  the 

^  loin,  along  the  ureter,  to  the 

neighboring  viscus,  usually  the  pancreas  or  genitals.    10.  Direction  ot  pain 

the  liver,  hence  may  require  a  profile  picture  ^'„:rhV™ii::ffe^"-oro"f  tt 
for  its  demonstration.  In  most  instances,  testicle  and  spermatic  cord. 
however,  the  ulcer  does  not  show,  and  the 

X-ray  demonstrates  merely  a  dilatation  of  the  stomach,  due  to  pyloro- 
spasm or  cicatricial  stenosis,  with  a  delay,  often  of  six  hours  or 
more,  in  the  passage  of  the  bismuth  into  the  duodenum.  Reversed 
peristalsis  and  numerous  large  peristaltic  waves,  as  observed  with  the 
9uoroscope,  is  indicative  of  pyloric  stenosis.  Among  the  complica- 
ions  and  sequelae  are  perforation  (general  peritonitis,  subphrenic 
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abscess,  etc.),  grave  hematemesis,  tetany,  perigastric  adhesions, 
bilocular  stomach,  orifice  (spasmodic  or  cicatricial),  and  carcinoma. 
Because  of  the  deformities  of  the  stomach  they  may  produce  and  the 
possibility  of  malignant  degeneration,  gastric  ulcers  are  generally 
regarded  as  more  serious  than  duodenal  ulcers. 

The  treatment  of  uncomplicated  acute  ulcer  is  medical.     Chronic 
ulcer  should  be  treated  by  gastroenterostomy  if  marked  improvement 
or  recox-trv  does  not  occur  after  three  months  of  medical  treatment 
The  mortality  of  chronic  ulcer  treated  medically  is  25  per  cent 
(Robson),  of  gastroenterostomy  for  this  condition  three  per  cent 
As  to  the  late  results  about  75  per  cent,  regain  good  health.  10 
per  cent,  are  much  improved,  5  per  cent,  are  slightly  improved,  and 
5  per  cent,  develop  a  recurrence,  a  carcinoma,  or  some  other  compli- 
cation  or   sequel.     Moynihan,   in  addition   to   gastroenterostomy, 
inverts  the  ulcer  with  sutures  to  prevent  perforation,  and  ties  all 
visible  vessels  leading  to  the  ulcer  to  prevent  hemorrhage.     Gastro- 
enterostomy drains  the  stomach,  puts  the  ulcer  at  rest,  and,  by  allow- 
ing a  slight  reflux  of  bile  and  pancreatic  juice  through  the  anastomotic 
opening,  partly  neutralizes  the  gastric  acidity.     When  the  pyloro- 
spasm  ceases  food  tends  to  pass  again  through  the  pylorus,  thus  oc- 
casionally leading  to  recurrence  of  the  ulcer.     This  fact,  with  the 
observation  that  the  best  results  are  obtained  when  the  pylorus  is 
stenosed,  has  suggested  that,  whenever  gastroenterostomy  is  per- 
formed the  pylorus,  if  open,  be  closed  artificially  (see  **  Exclusion  of 
the  Pylorus'').     Excision  of  the  ulcer,  followed  by  gastroentero- 
stomy, is  recommended  by  a  few  surgeons  for  all  cases,  but  as  tkf 
operation  is  more  difficult  and  dangerous  (mortality  10  per  cent) 
than  gastroenterostomy  alone,  it  should  be  practised  only  whentb 
induration  be  such  as  to  give  rise  to  a  suspicion  of  cancer,  when  the 
the  ulcer  is  so  situated,  e.g.,  at  a  distance  from  the  pylorus,  as  to  be 
little  influenced  by  gastroenterostomy,  or  when  the  ulcer  has  giveo 
rise    to   rci)cated   hemorrhages.     The   differentiation   at    operation 
between  ulcer  and  carcinoma  is  often  difficult.     The  clinical  histor)' 
and  the  results  of  the  laboratory  tests,  including  the  X-ray  examin** 
tion,  should  be  taken  into  consideration.     In  ulcer  there  is  more 
apt  to  be  edema  and  extensive  inflammatory  adhesions,  and  th^ 
are  no  carcinomatous  foci  in  the  neighborhood.     Enlarged  gla^ 
may  be  found  in  both  ulcer  and  carcinoma.     In  some  cases  a  fro«* 
section  may  be  made  to  decide  the  question.     Excision  gets  rid  * 
the  ulcer,  but  unfortunately  not  of  the  cause  of  the  ulcer,  he*** 
does  not  exclude,  as  some  believe,  the  possibility  of  recurrence  tf*j 
carcinoma.     For  the  methods  of  excision  see  "PartiaJ  Gastrect0B9r 
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If,  at  operation,  no  ulcer  can  be  demonstrated  a  gastroenterostomy 
should  not  be  performed  on  the  theory  that  it  will  do  no  harm,  be- 
cause if  it  is  not  indicated,  it  may  do  harm,  especially  in  the  neu- 
rotic. The  inexperienced  may  easily  be  deceived  by  the  localized 
muscular  contraction  of  the  gastric  wall  that  follows  pinching; 
this  hard  area,  if  watched  for  a  short  time,  can  be  seen  to  relax. 
When  no  ulcer  is  present  the  other  abdominal  organs  should  be 
reviewed  and  any  lesion  in  them  corrected.  The  appendix  should  be 
mentioned  particularly,  as  it  not  infrequently  produces  symptoms 
closely  resembling  those  of  gastric  ulcer  {appendicular  dyspepsia). 

Perforation  of  the  ulcer  occurs  in  about  10  per  cent,  of  the  cases, 
and  is  much  more  frequent  on  the  anterior  than  the  posterior  wall, 
owing  to  the  formation  of  protecting  adhesions  to  the  pancreas  in  the 
latter  situation.  The  symptoms  vary  in  intensity  according  to 
whether  the  perforation  is  acute  (no  adhesions,  wide  diffusion  of 
stomach  contents  through  peritoneal  cavity),  subacute  (minute 
opening  and  gradual  leakage),  or  chronic  (protecting  adhesions  and 
localized  peritonitis).  Acute  perforation  is  announced  by  sudden 
\iolent  pain  in  the  epigastrium,  which  often  radiates  to  the  back,  up 
to  the  left  shoulder,  and  down  into  the  right  iliac  fossa.  There  are 
great  tenderness,  marked  rigidity  of  the  abdominal  muscles,  and 
shock  of  varying  severity.  Pneumoperitoneum  may  be  shown  by 
absence  of  the  liver  dulness  and  by  the  X-ray.  Movable  dulness  in 
the  flanks  is  unusual  unless  the  quantity  of  gastric  contents  extra- 
vasated  is  very  large.  In  about  half  the  cases  the  stomach  contents 
are  vomited,  but  rarely  is  there  any  blood.  In  10  per  cent,  of  the 
cases  there  is  no  previous  history  of  indigestion.  There  may  be  a 
leukocytosis. 

The  treatment  is  immediate  abdominal  section,  any  existing 
shock  being  combated  while  the  preparations  for  operation  are  under 
way.  The  incision  is  made  through  the  right  rectus  muscle  above 
the  umbilicus,  and  the  perforation  closed  by  a  double  row  of  Lem- 
bert's  sutures  of  silk  without  excising  the  ulcer.  In  cases  in  which 
owing  to  the  friability  of  the  tissues,  or  the  size  or  situation  of  the 
perforation,  suture  is  impossible,  the  opening  may  be  closed  with 
omentum,  gauze  packing,  or  by  covering  it  with  the  adjacent  portion 
of  the  duodenum.  The  possibility  of  a  second  perforation  should 
never  be  forgotten.  Gastroenterostomy  should  be  performed  if 
there  is  much  stenosis  of  the  pylorus.  In  other  cases  it  may  be 
performed,  if  the  patient  is  in  good  condition.  Drainage  is  generally 
unnecessary  in  early  cases  in  which  the  perforation  has  been  securely 
closed.    It  should  be  employed  in  late  operations,  i.e.,  after  the  first 
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12  or  18  hours,  when  the  exudate  is  purulent,  when  a  large  quanlit 
of  food  has  escaped  into  the  peritoneal  ca\'ity,  and  when  the  perfora- 
tion cannot  be  closed  satisfactorily.  In  these  cases  a  gauze  drain 
may  be  placed  in  the  vicinity  of,  but  not  in  contact  with  the  sutured 
perforation,  and  a  second  incision  made  above  the  pubes  lor  the 
purpose  of  draining  the  pelvis.  The  mortality  of  early  operation 
is  five  per  cent.,  of  late  operation  50  per  cent. 

Hematemesis,  or  gastrorrhagia,  becomes  a  complication  of  ulcer 
of  the  stomach  when  it  is  persistent  or  grave.     It  may  occur  at  any 
time  during  the  progress  of  the  ulceration,  and  is  the  cause  of  death 
in  from  3   to  5  per  cent,  of  all  cases  (Welch).     In  the  acute  form  the 
patient  vomits  a  large  quantity  of  blood,  sometimes  a  quart  or  more, 
and  may  never  have  another   hemorrhage,    or    the    hematemesis 
be  repeated  at  intervals  of  several  days  or  longer.     Death  from  one 
hemorrhage   is    not    common,    but    such    may    take   place,  even 
without  the  vomiting  of  blood,  when  a  large  artery,  like  the  coronary 
or  the  gastroduodenal,  is  opened.     The  chronic  form  consists  in 
repeated  small  hemorrhages.     The  diagnosis  involves  a  differentia- 
tion from  hemoptysis,  and  conditions  like  epistaxiSy  in  which  the 
blood  has  been  swallowed  and  subsequently  vomited.     In  hemoptysis 
the  blood  is  frothy,  bright  red,  and  alkalin  instead  of  acid;  it  follows 
coughing,  and  the  physical  signs  of  phthisis  are  present.    An  ex- 
amination of  the  nose  and  throat  will  usually  reveal  a  lesion  if  the 
blood  has  been  swallowed.     Besides  ulcer,  hematemesis  may  be 
caused  by  a  leaking  aneurysm,  rupture  of  varices  of  the  stomach  or 
esophagus  due  to  obstruction  of  the  portal  circulation  (e.g.,  in 
affections  of  the  heart,  spleen,  pancreas,  and  liver,  particulariy 
atrophic  cirrhosis) ,  cancer  of  the  stomach  or  other  tumor,  ingestion  of 
caustics,  ^^hemorrhagic  erosion^'  (e.g.,  in  uremia,  phthisis,  chronic 
alcoholism,  yellow  fever,  scorbutus,  and  leukemia),  post-operatise 
hematemesis,  which  is  supposed  to  be  of  infectious  origin  and  follows 
abdominal    operations,    neuropathic    hematemesis,    and    vicarious 
menstruation.     For  clinical  purposes  it  may  be  said  that  a  gastric 
hemorrhage  occurring  in  the  apparently  healthy,  or  in  those  who 
complain  of  pain  and  dyspepsia,  is  due  to  an  ulcer. 

The  treatment  of  a  first  attack  of  acute  hemorrhage  is  absolute 
rest,  no  food  by  stomach,  ice  to  the  epigastrium,  and  the  injection  of 
horse  serum  or  the  transfusion  of  blood.  Chlorid  of  calcium  per  rec- 
tum, one  to  two  grams,  adrenalin  by  mouth,  and  the  subcutaneous 
injection  of  gelatin  or  ergotin  also  have  been  recommended.  With 
this  treatment  the  hemorrhage  will  cease  in  93  per  cent,  of  the 
cases,  operation  under  the  same  circumstances  has  a  mortality  d 
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,;;7  per  cent.  Should  the  hemorrhage  be  repeated  once,  or  at  most 
twice,  op>eration  may  be  undertaken,  but  is  often  unsatisfactory, 
as  the  bleeding  point  may  not  be  found,  or,  if  found,  hemostasis  may 
be  difficult  or  impossible.  The  stomach  is  exposed  by  a  median 
incision  and  the  exterior  examined  for  evidences  of  the  ulcer  Cadhe- 
sions.  scar,  thinning  of  the  coats) ;  if  such  are  absent,  the  stomach  is 
opened,  emptied,  everted,  and  the  mucous  membrane  carefully  exam- 
ined .  The  bleeding  point  is  ligated,  sutured  or  cauterized ;  or  the  ulcer 
is  ligated  epi  masse  or  excised  (partial  gastrectomy  or  pylorectomy) . 
If  the  bleeding  point  cannot  be  found,  or  if  there  is  general  oozing, 
or  i>yloric  stenosis,  a  gastroenterostomy  should  be  performed. 
Chronic  hemorrhage  is  treated  by  gastroenterostomy,  with  infolding 
or,  better,  excision  of  the  ulcer. 

Gastric  tetany  presents  the  same  symptoms  as  other  forms  of 
tetany.  It  is  very  rare  and  almost  always  associated  with  gastrec- 
taisa.  hence  the  treatment  is  that  of  dilatation  of  the  stomach. 

Perigastric  adhesions  may  be  caused  by  ulcer  of  the  stomach  or 
duodenum,  by  trauma,  by  inflammatory  affections  of  the  biliary  appa- 
ratus, pancreas,  spleen,  or  intestine,  and  by  tuberculous  peritonitis. 
The  symptoms  are  those  of  stenosis  of  the  pylorus,  or  indigestion, 
with  pain,  particularly  when  the  organ  is  distended.  X-ray  examina- 
tion may  show  an  abnormal  position  of  the  pylorus,  too  slight  or  no 
displacement  on  different  observations  in  different  postures,  or 
deformity  of  the  pylorus  or  the  stomach.  The  adhesions  may  be 
separated  (gastrolysis),  and  the  raw  surfaces  covered  with  the  omen- 
tum to  prevent  recurrence.  There  is  danger  of  tearing  the  stomach 
or  opening  a  latent  perforation.  If  the  pylorus  be  constricted  or  an 
ulcer  be  present,  the  operation  should  be  completed  by  a  gastro- 
enterostomy. 

Bilocular  stomach  {hour-glass  stomacli)  may  be  congenital,  but  is 
usually  due  to  the  cicatricial  contraction  of  a  peptic  ulcer  on  the 
lesser  curvature;  it  may  be  caused  also  by  perigastric  adhesions. 
cancer,  syphilis,  tuberculosis,  corrosive  poisons,  and  certain  opera- 
tions, e.g.,  gastrostomy  and  partial  gastrectomy.  Biloculation 
resulting  from  the  pressure  of  an  extragastric  tumor  is  sometimes 
called  false  hour-glass  stomach.  We  have  operated  on  one  patient 
with  a  trilocular  stomach.  The  symptoms,  when  the  constriction  is 
small,  are  those  of  chronic  gastrectasia,  the  cardiac  pouch  being 
dilated  owing  to  interference  with  the  onward  passage  of  food. 
Occasionally  the  sulcus  may  be  seen  or  felt  through  the  abdominal 
wall,  and  an  X-ray  picture  taken  after  an  opaque  meal  will  show  the 
outlines  of  the  stomach  (Fig.  392).  or  at  least  the  cardiac  pouch. 
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A  diagnosis  must  never  be  made,  however,  from  a  single  skiagram, 
as  a  typical  picture  of  an  hour-glass  contracture  may  result  from  a 
localized  spasm  of  the  muscular  coat.  Repeated  plates  on  different 
days  should  be  taken  or  the  stomach  watched  with  the  fluoroscope. 
The  spasm  will  sometimes  cease  after  massage,  the  application  of 
heat  or  the  administration  of  atropin.  Mediogastric  spasm  may  be 
due  to  the  same  causes  as  pylorospasm  as  well  as  to  organic  pyloric 
stenosis  {vide  infra).  If  the  cardiac  pouch  is  filled  with  fluid,  a 
swelling  on  the  left  side  of  the  abdomen  may  be  seen,  which  gradually 
passes  to  the  right  side,  perhaps  with  an  audible  gurgle,  as  the  fluid 
passes  through  the  constriction.  In  some  cases  fluid  injected  into 
the  stomach  can  only  partly  be  recovered,  although  a  splashing 
sound  persists,  and  after  a  time  a  large  quantity  of  semi-digested 
food  may  be  returned  through  the  tube.     The  diagnosis  is  confirmed 


Fig.  377.  Fig.  378. 

Fig.    377. — Mediogastric    resection.     The    part   to    be  removed   is  indicated  by 
dotted  lines.      Note  situation  of  the  ulcer. 

Pig.  378. — Mediogastric  resection,  gastric  segments,  anastomosed. 

by  exploratory  laparotomy,  and  one  must  be  careful  to  examine  the 

ft 

whole  stomach,  otherwise  a  pyloric  stenosis  or  a  constriction  near 
the  cardiac  orifice  will  be  missed.  Volvulus  of  the  pyloric  pouch 
has  been  reported  in  several  instances. 

The  treatment  depends  upon  the  site  and  nature  of  the  obstruc- 
tion or  obstructions,  the  state  of  the  ulcer  (whether  active  or  healed), 
the  size  and  mobility  of  the  pouches,  and  the  general  condition  of 
the  patient.  If  the  stricture  is  the  result  of  carcinoma  it  must,  if 
possible,  be  excised.  In  the  remarks  which  follow  the  hour-glass 
deformity  is  supposed  to  be  due  to  its  usual  cause,  i.e.,  a  peptic 
ulcer. 

Circular,  or  viediogastric  resection  (Figs.  377,378)  is  the  operation 
of  choice.  It  removes  the  ulcer  with  the  constriction  and  reestab- 
lishes the  normal  contour  of  the  stomach.  It  may,  however,  be 
impracticable  owing  to  the  large  size  of  the  ulcer,  the  mw^H  size  (rf 
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one  of  the  pouches,  extensive  adhesions,  or  to  the  poor  condition  of 
the  patient,  the  operation  being  longer  and  more  difficult  than  some 
of  the  procedures  mentioned  below.  In  order  to  guard  against 
recurrence  the  resection  must  include  a  wide  segment  of  the  stomach. 
Pylorectomy  (Fig.  379)  might  be  done  when  the  constriction  is 
near  the  pylorus,  especially  if  the  pylorus  also  be  stenosed,  but  is 


Fig.  379- 

FiG.    380.- 

anastomosed. 


Fig.  379.  Fig.  380. 

•Pylorectomy.     Dotted  lines  indicate  the  part  to  be  removed. 
-Gastro-gastrostomy.     The  openings  shown   by  the   shaded  areas 


are 


generally  contraindicated  because  of  its  magnitude  (See  '*  Pylorec- 
tomy"). 

Gastrogastrostomy  (Fig.  380)  may  be  performed  when  the  pouches 
are  large,  of  nearly  the  same  size,  and  pliable  at  the  points  selected 
for  the  anastomosis. 

Gastroplasty  without  excision  of  the  ulcer  may  be  employed  when 
the  constriction  is  narrow,  and  when  that  portion  of  the  gastric 


Fig.  381. — Gastroplasty  without 
excision  of  ulcer. 


Fig.  382. — Gastroplasty, 
cision  closed. 


In- 


wall  which  is  to  be  reconstucted  is  freely  movable  and  not  indurated. 
'fhe  isthmus  may  be  incised  in  its  axis,  and  the  incision  sutured 
peri>endicularly  (Fig.  381,  382),  or  the  pouches  below  the  isthmus 
may  be  incised  and  sutured  (Figs.  383,  384),  using  the  same  technic 
as  in  the  Finney  operation  (Cf .  "  Pyloroplasty  '0 . 

Gastroplasty  wUh  excision  of  the  ulcer  may  be  selected  when  the 
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ulcer  is  active  and  not  too  large.     The  operation  is  illustrated  by 
Figs.  385,  386,  and  described  under  "Partial  Gastrectomy. " 


^ 


Pig.    383. — Gastroplasty    Fig.  384. — Gastroplasty.      Fig.  3^5 -^Gastroplasty  with 
without  excision  of  ulcer.  Incision  closed.  excision  of  the  ulcer. 

Gastroenterostomy  (Fig.  387)  is,  as  a  rule,  the  best  operation  for 
the  obstruction  when  the  cardiac  pouch  is  very  large,  or  when  medio- 


PiG.  386. — Gastroplasty. 
Incision  closed. 


Pig.  387. — Single  gastro- 
enterostomy. 


gastric  resection  is  inadvisable,  and  it  or  pyloroplasty  must  be  com- 
bined with  mediogastric  resection,  gastrogastrostomy,  or  gastro- 


Fig.  388.  Fig.  389. 

Pig.  388. — Double  gastroenterostomy. 

Fig.  389. — Diagram  of  posterior  gastroente  ostomy.     Dotted  lines  indicate  t^v^ 
gastric  portion  of  bowel  and  site  of  anastomosis.     A,  origin  of  jejunum. 

plasty  when  these  operations  are  performed  in  pases  of  bilocw^ 
stomach  with  pyloric  stenosis.    Double  gastroentefostomy  like^ 


ABDOMEN  699 

could  be  used  in  such  cases,  if  the  pyloric  pouch  were  large,  and 
other  methods  contraindicated.  The  bowel  can  be  made  to  run 
from  right  to  left  as  shown  in  Fig.  387,  or,  by  using  a  longer  loop, 
from  left  to  right  (isoperistalic) ,  and  in  either  single  or  double 
gastroenterostomy  the  jejunum  may,  if  the  posterior  operation  is 
inapplicable,  be  attached  to  the  anterior  wall  of  the  stomach. 
Gastroenterostomy  for  its  influence  in  healing  the  ulcer,  or,  if  the 
ulcer  has  been  excised,  preventing  its  recurrence,  is  advised  by  some 
surgeonsas  an  addition  to  circular  resection,  gastrogastrostomy,  and 
gastroplasty,  even  when  the  pylorus  is  open. 

Stenosis  of  the  pylorus  may  be  congenital  (p.  699)  or  acquired, 
organic  or  functional,  extrinsic  or  intrinsic.  The  extrinsic  organic 
causes  are  perigastric  adhesions,  kinking  of  the  pylorus  as  the  result 
of  prolapse  of  the  stomach,  and  compression  by  aneurysm,  tumors, 
c)rsts,  or  inflammatory  affections  of  the  kidney,  liver,  pancreas, 
gall-bladder,  or  lymph  glands.  The  intrinsic  organic  causes  are 
cicatricial  contraction  (ulcer,  tuberculosis,  syphilis,  caustics), 
tumors,  and  foreign  bodies.  Functional  stenosis,  or  pylorospasm 
likewise  may  be  due  to  a  lesion  in  another  abdominal  organ,  notably 
cholecystitis  and  appendicitis,  to  toxins  (nicotin,  lead,  morphin, 
etc),  to  tabes,  and  to  emotional  causes,  or  intrinsic,  i.e.,  due  to 
disease  of  the  stomach,  especially  ulcer  and  hyperchlorhydria. 
The  symptoms  are  those  of  dilatation  of  the  stomach  plus  in  some 
cases  the  detection  of  a  tumor  at  the  pylorus.  The  treatment  of  extrin- 
sic organic  stenosis,  is  removal  of  the  cause,  or,  if  such  be  impossible, 
gastroenterostomy.  Intrinsic  organic  stenosis  may  demand  gas- 
trotomy,  e.g.,  for  a  foreign  body;  pylorectomy,  e.g.,  for  carcinoma 
or  gastroenterostomy,  e.g.,  for  cicatricial  stenosis  or  irremovable 
carcinoma.  Pyloroplasty  is  occasionally  performed,  for  cicatricial 
stricture.  Pylorospasm  may,  according  to  its  etiology,  require 
medical  treatment,  gastroenterostomy,  or  an  operation  on  an 
abdominal  organ  other  than  the  stomach. 

Stenosis  of  ihe  cardiac  orifice  (see  ''  stricture  of  the  esophagus  ") . 

Dilatation  of  the  stomach  (gastrectasia)  may  be  acute  or  chronic. 
Acute  dilatation  of  the  stomach  is  a  sudden  paralytic  distention 
of  uncertain  origin,  but  probably  the  result  of  disturbed  innervation. 
About  40  per  cent,  of  the  cases  arise  after  operation,  usually  on 
the  upper  abdomen  (hence  shock,  sepsis,  purgation,  handling  of 
the  viscera,  and  the  anesthetic  have  been  held  responsible) ,  20  per 
cent,  during  exhausting  fevers  (typhoid,  pneumonia,  etc.),  10  per 
cent,  after  errors  in  diet,  particularly  the  ingestion  of  enormous 
quantities  of  food  or  drink,  and  a  few  from  no  condition  which  can 
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be  connected  with  the  gastric  paralysis.  The  associated  conditions 
distributed  among  the  remaining  cases  are  trauma,  emotional 
attacks,  childbirth,  peritonitis,  intestinal  paralysis  (q-v.),  and  spinal 
deformity,  especially  when  there  is  lordosis,  which  may  encourage 
pressure  on  the  duodenum.  The  enormously  dilated  stomach  forces 
the  small  intestine  into  the  pelvis  and  renders  its  mesenterj-  taut. 
As  a  consequence  the  duodenum  is  compressed  between  the  root  oi 
the  mesentery  and  the  superior  mesenteric  vessels  in  front  and  the 
vertebral  column  behind.  Some  surgeons  regard  this  constriction 
of  the  duodenum  as  primary',  hence  the  terms  gaslromesenlcric  ileus 
and  arteriomesentric  occlusion.     Even  if  this  is  not  true,  it  is  certain 


pound  fracture  of  femur. 


that  a  secondary  factor  is  thus  added  which  serves  to  augment 
and  perijctuate  the  condition.  The  symptoms  are  pain;  profuse 
vomiting;  severe  thirst;  distention  of  the  stomach,  which  interferes 
with  the  action  of  the  heart  and  lungs,  and  which  may  be  so  great 
as  to  lill  the  whole  abdomen;  gastric  splashing  sounds  on  succusion; 
absence  of  visible  and  audible  gastric  peristalsis,  constipation. 
perha])s  with  clay-colored  stools;  scanty  urine;  and  Anally  collapse, 
with,  if  proper  treatment  is  not  quickly  administered,  death  in  tffi>' 
thirds  of  the  cases.  The  diagnosis  from  peritonitis  is  made  by  th* 
absence  of  fever,  leukocytosis,  tenderness,  and  rigidity.  In  h^'' 
intestinal  obstruction  there  is  little  or  no  distention. 

The  treatment  is  gastric  lavage;  no  food  or  water  by  mouth. 
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le  jjatieat  on  the  right  side  with  the  pelvis  elevated,  in  the 
t  posture,  or  prone,  in  order  to  relieve  the  duodenum  of 
water  by  rectum,  or  salt  solution  subcutaneously  or  intra- 
strychnin,  atropin.  pituitarin,  or  eserin  salicylate  hypo- 
,■;  electricity  to  the  epigastrium;  and,  as  a  last  resort, 
ny  or  gastroenterostomy. 

ic  dilatation  is  usually  the  result  of  pyloric  stenosis,  but 
.used  also  by  duodenal  obstruction  (e.g.,  from  ulcer,  cancer, 
teroptosis,  compression  by  the  superior  mesenteric  vessels) . 
j;,  chronic  gastritis,  and  general  malnutrition  (atonic 
'.     The  symptoms  are  dyspepsia,  often  hunger  and  thirst, 


at  intervals  of  large  quantities  of  decomposing  food, 

has  lain  in  the  stomach  for  several  days.     The  patient 

.ses  small  cjuantities  of  urine,  is  constipated,  and  may 

tf  tetany.     Kxamination  of  the  stomach  contents  re- 

la  ventriculi  and  many  other  bacferia;  the  amount  of 

d  lactic  acids  wiii  depend  upon  the  cause  01  the  dilata- 

nach  is  prolapsed  to  below  the  umbilicus,  and  is 

ough  the  abdominal  wall.     Peristalsis  passing  from 

■.ewise  may  be  seen  at   times.     On  palpation   the 

tancc  ot  the  stomach  may  be  teit,  a  splashing  sound 

id  in  some  cases  a  tumor  detected  in  the  pyloric 
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region.  The  size  of  the  stomach  is  determined  by  percusa'M. 
after  tilling  the  stomach  with  air  or  water;  by  measuring  the  quantity 
ot  fluid  which  the  stomach  will  hold;  or  by  gastrodiaphany  (Irans- 
illumination  by  means  of  an  electric  lamp  passed  into  the  stomadi). 
If  the  patient  takes  lo  grains  of  saloi,  which  is  decomposed  and 
absorbed  in  the  intestine  only,  salicylic  acid  may  not  appear  in  the 
urine  for  many  hours;  normally  it  should  be  detected  within  one 
hour.  The  absorptive  power  of  the  stomach  is  determined  by 
giving  several  grains  of  potassium  iodid  and  testing  the  salin  ftff 
iodin,  which  should  be  found  normally  in  from  ten  to  fifteen  minutes. 


The  size,  shiii>e,  position,  and  activity  of  the  stomach  may  be  shon 
also  by  the  X-rays,  after  administering  from  two  to  four  ounces 
of  barium  sulphate  in  a  pint  of  milk  or  koumyss  (Fig.  391).  ^f' 
mally  the  stomach  should  be  free  of  the  barium  in  from  three  lo 
six  hours.  Partial  retention  after  six  hours,  however,  is  not  alwiy* 
due  to  organic  gastric  disease.  It  may  be  the  result  of  extrin* 
py[orosj>asni  (vide  supra).  With  the  fluoroscope  the  peristaltic 
movements  can  be  kept  under  continuous  observation.  A  peristaltic 
wave  normally  passes  over  the  stomach  about  every  twenty  seconb' 
An  increase  in  the  number  of  waves  is  seen  in  stenosis,  and  ilx 
in  certain  affections  of  the  ner\'ous  system  (locomohff  ataul> 
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■uld  suspect  organic  stenosis  if  there  were  numerous  waves 
t  depth.  Reversed  peristalsis  may  occur  in  stenosis  from 
jse.  The  shape  of  the  stomach  is  normal  in  functional 
,  plate-like,  with  displacement  of  the  pylorus  to  the  right, 
lie  stenosis. 

treatment  in  atonic  cases  is  medical,  i.e.,  lavage,  regulation 
iet,  electricity,  etc.  If  medical  treatment  fails,  gastroenter- 
may  be  performed.  In  those  cases  depending  upon  obstruc- 
the  outlet  of  the  stomach,  the  treatment  is  that  of  pyloric 


— Diagram  of  X-ray  shadow  of 
■ctasia.  patient  standing. 


Pig.  394.^Diagrani  ot  X-ray  shadow 

of  stomach  with  carcinoma  of  the  greater 
curvuture.  patient  standing. 


troptosis,  or  prolapse  of  the  stomach,  is  usually  secondary 
ic  dilatation,  when  the  symptoms  and  treatment  will  be  those 
rectasia.  It  forms  part  also  of  the  general  visceral  ptosis 
G16nard's  disease.  Primary  or  essential  gastroptosis  is 
y  very  rare,  and  is  constantly  linked  with  dilatation,  from 
of  the  pylorus,  or  from  pylorospasm  the  result  of  hyper- 
The  symptoms  are  therefore  usually  those  of  chronic 
ion  and  gastric  stasis.  The  position  of  the  stomach  may  be 
ned  by  percussion,  after  filling  the  stomach  with  air  or 
or  by  the  X-ray  (vida  supra).  Volvulus  of  the  stomach 
mured  as  a  complication  of  gastroptosis.    The  treatment 
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of  the  essential  form  is  gastroenterostomy,  with  or  without  gas- 
tropexy. 

Carcinoma  of  the  stomach  is  very  frequent,  sarcoma  and  innocoit 
tumors  are  rare.  Carcinoma  may  involve  any  portion  of  the  stomach, 
but  most  often  affects  the  pylorus  (60  per  cent.),  often  starting  from 
an  old  ulcer.  It  is  more  frequent  in  the  male  (55  per  cent.),  and  is 
unusual  before  the  fortieth  year.  It  may  be  of  any  variety,  but  is 
generally  scirrhous  in  nature.  It  always  be^ns  in  the  mucous 
membrane,  infiltrates  the  remaining  coats  of  the  stomach,  and 
finally  invades  the  surrounding  organs,  particularly  the  liver  and 
pancreas.  The  lymphatic  glands,  especially  those  along  the  lesser 
curvature,  are  invaded  at  an  early  period,  and  distant  metastases 
also  may  occur.  The  *' leather  bottle  stomach"  is  a  diffuse  cardn- 
omatous  infiltration  of  the  whole  organ.  The  disease  is  fatal  in  from 
a  few  months  to  two  years  or  longer,  according  to  the  nature  and 
situation  of  the  growth. 

The  symptoms  which  occur  in  both  carcinoma  and  gastric  ulcer 
are,  in  order  to  facilitate  comparison,  listed  in  the  same  order  as  in 
the  description  of  "Peptic  Ulcer  of  the  Stomach.''     The  indigestion 
is  not  so  apt  to  be  associated  with  heart  burn.     The  pain,as  a  rule, 
is  not  so  marked  as  in  ulcer,  but  may  be  reflected  in  the  same  way. 
It  is  often  continuous  and  may  not  be  relieved  by  vomiting,  hence 
may  not  appear  at  fixed  periods  after  meals,  although  eating  may 
increase  the  discomfort.     In  some  cases  pain  is  absent.     Tenderness 
also  may  be  absent  and  is  seldom  pronounced.     Muscular  rigidit)' 
is  almost  never  present.     The  vomiting  may  at  first  be  due  to 
pylorospasm,  but  later  is  generally  the  result  of  gastrectasia  following 
pyloric  stenosis,  consequently  may  occur  only  once  in  24  hours  or 
less  often,  the  vomited  material  being  abundant,  foul  smelling,  and 
containing  particles  of  food  ingested  one  or  more  days  pre\iously. 
When  the  cardiac  orilice  is  involved  the  symptoms  are  those  of 
stricture  of  the  esophagus.     When  neither  orifice  is  involved,  vomit- 
ing may  be  absent  unless  the  tumor  has  caused  an  hour-glass  con- 
traction of  the  stomach.     Occasionally  vomiting  does  not  occur  even 
when  there  is  marked  pyloric  stenosis  with  gastrectasia.     Bleeding 
is  usually  slight.     The  blood,  like  the  food,  stays  in  the  stomach  for 
many  hours,  hence  is  decomposed  and  gives  the  so-called  coffee- 
ground  vomit.     Melena  may  occur  when  the  blood  passes  throu^ 
the  pylorus.     The  tumor  can  be  felt  in  60  per  cent,  of  the  cases,  but 
in  only  30  per  cent,  within  the  first  six  months  of  the  onset  of  the 
symptoms.     It  is  most  apt  to  be  palpable  when  situated  at  the 
pylorus  or  along  the  greater  curvature,  and  can  never  be  fdtvto 
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located  at  the  cardiac  orifice.  The  appetite  is  sometimes  good,  but 
usually  there  is  anorexia.  Intervals  of  good  health  do  not  occur, 
as  in  ulcer;  the  disease  is  progressive,  and  marked  emaciation,  or 
cachexia,  soon  appears. 

The  laboratory  methods  of  diagnosis  are  unreliable  in  the  early 
stages,  and  are  of  the  greatest  value  only  when  the  growth  is  inoper- 
able. At  this  time  examination  of  the  gastric  contents  shows  an 
absence  of  free  hydrochloric  acid  and  an  increase  in  the  amount  of 
lactic  acid,  both  of  which  conditions  may  be  found  in  other  gastric 
diseases.  Microscopic  examination  of  the  stomach  contents  may 
show  small  portions  of  the  neoplasm  and  the  Oppler-Boas  bacilli, 
and  these  bacilli  with  visible  or  occult  blood  may  be  found  in 
the  stools.  The  motor  and  absorptive  powers  of  the  stomach  are 
lessened.  Blood  examination  shows  a  reduction  in  the  hemoglobin 
and  an  absence  of  the  digestive  leukocytosis.  Finally  may  be 
mentioned  the  possibility  of  making  a  diagnosis  by  the  esophago- 
scope,  introduced  into  the  stomach;  by  transillumination  with  an 
intragastric  lamp,  showing  a  tumor  on  the  anterior  wall;  and  by  the 
X-rays,  after  the  ingestion  of  an  emulsion  of  barium,  the  tumor 
appearing  as  a  marked  indentation  in  the  outline  of  the  stomach 
(Fig.  394).  The  early  symptoms  are  indigestion,  distaste  for  food, 
pain,  and  sometimes  vomiting.  If  in  spite  of  careful  medical  treat- 
ment, symptoms  of  this  character  persist  for  a  month  or  longer,  and 
are  associated  with  a  progressive  loss  of  weight,  in  a  patient  past 
forty,  one  should  always  suspect  carcinoma,  and  advise  an  explora- 
tory incision,  which  is  the  most  reliable  diagnostic  measure.  This 
is  the  time  for  successful  surgical  treatment.  Among  the  late  symp- 
toms are  coflfee-ground  vomit,  cachexia,  palpable  tumor,  ascites 
(from  invasion  of  the  liver,  portal  vein,  or  peritoneum),  distention 
of  the  superficial  abdominal  veins,  swelling  of  the  legs,  femoral 
phlebitis,  and  jaundice  owing  to  involvement  of  the  common  bile 
duct.  Enlargement  of  the  lymph  glands  at  the  base  of  the  left  neck 
due  to  metastasis  up  along  the  lymphatics  of  the  mediastinum 
is  a  rare  sign.  Metastases  in  Douglases  pouch  or  in  the  ovaries 
may  occur,  and  operation  should  never  be  performed  without  first 
making  a  rectal  or  vaginal  examination.  In  addition  to  the  compli- 
cations mentioned  above,  perforation,  grave  hematemesis,  and 
tetany  are  possibUities. 

The  treatment  is  exploratory  incision,  and  if  possible,  removal  of 

the  growth  by  partial  or  complete  gastrectomy.    About  25  per  cent. 

of  permanent  recoveries  can  be  expected  after  early  operation. 

If  the  patient  is  very  weak  and  the  growth  situated  at  the  pylorus, 
45 
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one  may  perform  gastroenterostomy  and  after  the  patient  has  re^ 
gained  strength  proceed  with  the  pylorectomy.  In  inoperable 
growths  of  the  cardiac  orifice,  gastrostomy  is  indicated  for  the  pur- 
poses of  feeding.  In  inoperable  cancer  of  the  pylorus  gastroentero- 
stomy may  be  performed,  in  order  to  allow  the  passage  of  food  into 
the  bowel.  The  average  duration  of  life  after  this  operation  is  six 
months.  When  the  entire  stomach  is  hopelessly  invaded,  the 
only  possible  measure  which  promises  relief  is  jejunostomy,  or  the 
making  of  an  artificial  opening  into  the  jejunum  in  order  to  feed 
the  patient. 

Gastritis  obliterans  {plastic  linitis  fibromatosis  of  the  stcmach) 
is  a  rare  affection,  characterized  by  great  thickening  of  the  walk  of 
the  stomach  as  the  result  of  hyperplasia  of  the  submucosa,  and  s 
progressive  diminution  in  the  size  of  the  stomach.     It  is  a  cirrhotic 
inflammation,  the  cause  of  which  is  unknown.     It  has  been  attributed 
to  syphilis,  tuberculosis,  or  chronic  ulceration,  and  some  believe  it  to 
be  a  precancerous  lesion.     The  symptoms  are  pain,  vomiting  im- 
mediately after  taking  food,  and  emaciation.     The  smaU  size  of 
the  stomach  can  be  shown  by  the  X-ray.    The  /rea/we«/ is  pyloro- 
plasty or  gastroenterostomy,  when  the  pyloric  portion  is  chiefly 
involved;  or  partial  or  complete  gastrectomy. 

Volvulus  of  the  stomach  also  is  rare.  It  may  be  associated  witli 
diaphragmatic  hernia,  bilocular  stomach,  or  gastroptosis,  in  eadiof 
which  a  sort  oi  pedicle  is  formed,  around  which  the  stomach  may 
rotate.  The  symptoms  are  pain,  shock,  and  the  appearance  of  a 
tender,  rounded  tympanitic  swelling  in  the  upper  abdomen.  Vomit- 
ing cannot  occur.  The  treatment  is  laparotomy,  reduction  of  the 
twist,  and  shortening  of  the  gastrohepatic  omentum.  Kodiff 
collected  i8  cases  in  which  operation  had  been  performed,  withij 
recoveries. 

OPERATIONS  ON  THE  STOMACH 

Gastric  lavage  is  required  in  cases  of  poisoning,  as  a  preluninaij 
to  operations  on  the  stomach,  and  as  a  therapeutic  measure  in  maiy 
gastric    diseases,    particularly    dilatation.     The    stomach  tube  » 
lubricated  with  glycerin,  guided  over  the  epiglottis  by  the  forefinff'i 
and  pushed  into  the  stomach  while  the  patient  makes  efforts  it- 
swallowing.     Water  or  other  fluid  is  then  poured  into  the  funnd«* 
of  the  tube  until  the  requisite  amount  has  been  introduced,  whcaft*] 
carried  to  a  lower  level  than  the  stomach,  while  still  full  of 
thus  syphoning  off  the  contents  of  the  stomach.    The  washing 
be  continued  until  the  stomach  is  clean. 
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Gastrotomy,  or  inci^on  into  the  stomach,  may  be  petformed  for 
exploratory  purposes,  gastric  hemorrhage,  the  removal  of  foreign 
bodies  from  the  esophagus  or  stomach,  the  excision  of  benign  tumors 
springing  from  the  inner  walls  of  the  stomach,  and  for  the  dilatation 
of  stricture  of  either  the  cardiac  orifice  or  the  pylorus.  A  median 
abdominal  incision  is  made,  and  the  stomach  drawn  into  the  wound, 
isolated  with  gauze,  and  incised  at  the  desired  point.  The  wound 
is  sutured  with  catgut,  passing  through  all  the  coats,  and  over  this 
is  placed  a  layer  of  Lembert  sutures  of  silk.  The  abdomen  is  closed 
without  drainage.  The  patient  begins  to  take  water  after  the  vomit- 
ing has  ceased,  and  solid  food  at  the  end  of  two  or  three  weeks. 

Gastrostomy  is  the  making  of  an  opening  into  the  stomach, 
for  the  purpose  of  feeding  a  patient.  It  may  be  temporary,  e.g., 
when  performed  to  facilitate  convalescence  after  laryngectomy  or 


(^>erations  on  the  esophagus,  or  permanent,  e.g.,  when  performed 
upon  a  patient  with  inoperable  stricture  of  the  esophagus.  The 
opening  should  permit  feeding,  prevent  the  external  leakage  of  the 
gastric  contents,  and  be  as  near  the  cardiac  orifice  as  possible. 

Haitmaim  and  others  make  a  vertical  incision  through  the  outer 
border  of  the  left  rectus,  retract  the  inner  portion  of  the  muscle 
towards  the  right,  and  open  the  posterior  sheath  and  peritoneum 
near  the  middle  line.  A  cone  of  the  stomach  is  pulled  through  the 
wound,  and  sutured  to  the  parietal  peritoneum  and  the  skin.  The 
apex  of  the  cone  is  opened,  and  the  patient  fed  with  a  rubber  tube. 

In  the  Frank  operatioa  a  two  inch  incision  is  made  below  and 
parallel  with  the  left  costal  margin,  then  a  cone  of  the  stomach  is 
drawn  through  this  incision,  and  passed  upwards  under  the  skin  to  a 
second  incision,  about  one  inch  in  length,  situated  over  the  costal 
margin.    The  stomach  is  sutured  to  the  muscles  of  the  first  incision, 
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and  to  the  skin  of  the  second  incision,  where  it  is  opened  and  a  tut 
inserted. 

In  Witzel's  operation  the  abdomen  is  opened  through  the  ie 
rectus,  a  catheter  passed  into  the  stomach  through  a  small  openii 
and  there  sutured  with  catgut,  and  a  canat  formed  about  the  tubel 
suturing  the  walls  of  the  stomach  over  it  with  Lembert  sulur 
(Fig.  395).  The  outer  opening  of  the  canal  is  sutured  to  the  pariet 
peritoneum  and  the  abdomen  closed.  This  is  the  best  method  fi 
temporary  gastrostomy,  as  the  canal  quickly  becomes  obliterate 
after  the  catheter  is  withdrawn. 


The  Stanun-Kader  operation  is  shown  in  Fig.  396. 

The  author's  method  for  establishing  a  permanent  gastrosttmi) 
is  described,  in  the  Transactions  of  the  American  Surgical  Assoda 
lion  for  1Q18.  as  follows:  "An  incision  is  made  from  a  point  jus 
below  and  to  left  of  the  ensiform  cartilage  downward  parallel  tolh 
median  line  for  three  or  four  inches.  About  two  or  two  and  a  hi' 
inches  to  the  left  of  this  incision  a  second  cut  is  made,  the  upper  eo 
of  which  is  on  a  level  with  the  upper  end  of  the  first  inci^oo,  the  low 
end  of  which  is  on  the  level  with  the  lower  end  of  the  first  indsio 
The  lower  extremities  of  these  incisions  are  connected  by  a  Iran 
verse  incision  (Fig.  397).  Therectangularcutaneousflapthusoutlin 
is  dissected  free,  as  far  as  its  base,  from  the  subjacent  deep  fasd 
and  the  two  long  margins  sutured  together  with  catgut  over  acid 
ter  (Xo.  20  F.),  the  eye  of  which  remains  uncovered  bdow  thelov 
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of  the  flap  (Fig.  398).  The  catheter  with  its  enveloping  skin  is 
vn  to  one  side,  the  underlying  rectus  muscle  split  longitudinally, 
a  portion  of  the  anterior  wall  of  the  stomach  <irawn  from  the 


omiaal  cavity.  A  small  transverse  o]»ening  is  made  in  the 
jsed  gastric  wall,  the  inferior  extremity  of  the  catheter  pushed 
the  stomach  through  the  opening,  and  the  rim  of  the  lower  end 
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of  the  dfrmal  tube  enveloping  the  catheter  sutured  with  catgut  to 
edges  of  the  opening  in  the  stomach.  The  lower  half  of  the  den 
tube  is  buried  in  the  wall  of  the  stomach  in  the  same  manner  as 
catheter  is  buried  in  the  Witzel  operation  (Fig,  399) .  The  upper  i 
of  the  cana!  thus  formed  by  the  inversion  of  the  anterior  wall  of 
stomach  is  sutured  to  the  abdominal  wall,  and  the  split  rec 
muscle  approximated  with  catgut  around  the  upper  half  of  ■ 
dermal  tube.  The  skin  about  the  raw  surface  which  remains 
undermined,  and,  beginning  at  the  lower  left  corner  of  the  oblo 
defect  [Fig.  397,  B),  sutured,  the  sutures  being  inserted  farti 
apart  on  the  right  (i.e.,  on  the  line  BCD,  Fig.  397)  than  on  the  i 
{BA ,  Fig.  397) ,  until  the  lower  margin  of  the  external  orifice  of  t 


Fig.  400. — Gastrostomy.     The  cutaneous  incision  closed. 

dermal  tube  is  reached,  when  the  suture  line  bifurcates  to  embnct 
the  new  stoma.  The  scar  thus  resembles  a  Y,  the  long  tail  of  wtuch 
is  slightly  convex  toward  the  median  line  (Fig.  400).  The  catheW 
is  fastened  to  the  skin  with  a  catgut  suture  and  should  remain  ll 
place  until  the  completion  of  healing,  after  which  it  may  be  witt 
drawn,  lo  be  reinserted  only  at  the  time  of  the  feedings. 

This  method  of  gastrostomy  is  designed  for  those  patients,  usuaD; 
sufferinfT  from  irremovable  (esophageal  carcinoma,  who  must  fortk 
rest  of  their  lives  be  nourished  through  an  artificial  opening  intb 
stomach.  The  operation  is  a  trifle  longer  than  the  Witzel  operatioi 
but  has  all  the  advantages  of  providing  a  canal  lined  with  egiHt 
lium,  which  will  not  become  agglutinated  during  the  intervi 
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between  the  insertions  of  the  catheter.  Further,  there  is  no  danger, 
5  in  the  Witzel  operation,  of  leakage  between  the  outer  end  of  the 
anal  in  the  stomach  and  the  abdominal  wall,  and  no  danger  of 
rushing  the  catheter  between  the  stomach  and  the  abdominal  wall 
nd  so  into  the  peritoneal  cavity. 

A  canal  lined  by  mucous  membrane  can  be  constructed,  as  sug- 
ested  by  Depage,  Jianu,  and  others,  from  a  flap  of  the  wall  of  the 
tomach,  and  is  to  be  preferred  to  all  other  methods  of  gastrostomy 
''hen  one  desires  to  build  an  artificial  esophagus,  which,  later,  is  to  be 
>ined  to  the  external  stoma  of  the  canal  leading  into  the  stomach, 
ut  in  the  majority  of  cases  of  oesophageal  occlusion  the  building  of  a 
ew  oesophagus  is  not  indicated,  and  to  fashion  amucosa-linedcanal 
•om  the  gastric  parietes  is  more  complicated  and  attended  by  greater 
isks  of  infection  than  is  the  operation  described  above  (see  **Eso- 

hagoplasty'O- 

In  the  Ssbanejew-Franck  operation,  which  also  provides  a  lining 

f  mucous  membrane  for  the  canal  opening  into  the  stomach,  one 

aust  often,  in  view  of  the  small  size  of  the  stomach  consequent  upon 

he  oesophageal  obstruction,  pull  almost  the  whole  stomach  from  the 

peritoneal  cavity,  before  exposing  the  requisite  amount  of  gastric 

irall  to  complete  the  operation,  thus  producing  serious  deformity. 

n  addition,  the  external  orifice  of  the  canal  retracts  beneath  the 

kin  and  becomes  difficult  of  access,  thus  rendering  catheterization 

uncertain  and  attempts  at  catheterization  dangerous. 

Gastrqplication  consists  in  lessening  the  size  of  the  stomach  by  the 
^troduction  of  inversion  sutures  into  its  anterior  wall.  It  is  doubt- 
Ul  if  this  operation  should  ever  be  employed. 

Gastropeiy  also  is  of  doubtful  value.  The  stomach  has  been 
'Utured  to  the  anterior  abdominal  wall  and  to  the  liver.  Beyea 
Mortens  the  gastrohepatic  and  gastrophrenic  ligaments  by  the  intro- 
duction of  reefing  sutures. 

GastroenterostQmy,  or  the  formation  of  a. fistula  between  the 
*omach  and  the  intestine,  is  indicated  in  pyloric  stenosis,  gastrecta- 
»Ja,  and  gastric  ulcer.  The  intestine  may  be  united  with  the  anterior 
^  the  posterior  gastric  wall,  or,  as  will  be  explained  under  ^'Pylorec- 
tomy/'  with  both  walls. 

Anterior  gastroenterostomy,  or  Wolfler's  operation  (Fig.  401), 
Vindicated  in  cases  in  which  the  posterior  operation  is  not  applicable, 
i.g.,  because  of  disease  of  the  posterior  wall,  short,  fatty  mesocolon,  or 
idhesions,  and  in  cases  of  malignancy  in  which  every  minute  should 
e  saved.  Its  disadvantages  are  that  the  long  loop  of  intestine 
ttached  to  the  stomach  may  cause  obstruction  by  pressure  on  the 
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lnni,>\iTsi'  iiilon.  by  iillowing  adjacent  coils  of  bowel  to  slip  into 
thi-  niiiK>t'.  (ir  tiy  pniducing  angulation  of  the  intestine  on  either  sifx 
of  thf  :inii>ti>nitisis.  that  the  segment  of  jejunum  forming  the  loop 
is  cxcluik-*],  pliysioiogically,  from  the  rest  of  the  digestive  tube,  and 
that  iH-jitic  uUer  of  thi*  jejunum  (q.v.i  is  more  apt  to  occur  than  after 
thi'  pnsttrior  operation.  After  opening  the  abdomen  in  the  middle 
line  iitiovf  the  umldlicus.  the  omentum  is  pulled  u]>wards.  and  a  loop 


of  JL'junum.  about  a  foot  from  the  duorienum,  brought  up  over  the 
trunsviTso  colon  ami  anastomosed  with  the  lowest  point  on  the 
ankTior  wall  of  the  stomach  {Fig.  401).  using  the  same  technic. 
in  rt-jiard  ti>  clamps  and  suturing,  as  in  the  posterior  operation: 
the  Murphy  button  and  the  McGraw  clastic  ligature  are  no  long« 
employed.  The  incision  in  the  stomach  should  be  so  arranged  as  to 
avoid  shari*  angulation  of  the  intestine;  it  may,  according  to  the 
position  of  the  stomach,  be  parallel  with  or  perpendicular  to  the 
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greater  curvature.  The  intestine  should  run  from  the  patient's  left 
"towards  the  right  (isoperistaltic).  The  stomach  should  be  attached 
to  the  bowel  with  a  few  additional  sutures  on  each  side  of  the  opening 
in  order  to  prevent  a  sharp  kink.  Kocher  places  the  afferent  limb 
of  intestine  posteriorly  and  invaginates  its  wall  transversely,  in 
order  to  form  a  valve  which  will  direct  the  stomach  contents  into 
the  efferent  limb  of  intestine. 

Posterior  gastroenterostomy,  or  Von  Hacker  *s  operation,  has 
advanced  to  its  present  state  of  eJBBiciency  largely  through  the  labors 
of  Peterson,  Czerny,  Mikulicz,  Moynihan,  and  Mayo.     The  gastric 
oi>ening  should  be  at  the  lowest  point  of  the  posterior  wall  of  the 
stomach,  in  the  same  plane  as  the  cardiac  orifice,  and  directed 
obliquely  from  above  downward  and  from  the  patient's  right  to 
left,  in  order  to  avoid  angulation  of  the  jejunum,  which  normally 
passes  in  this  direction  Fig.  389.     Hartmann,  however,  states  that 
^when  the  anastomosis  is  made  in  the  cardiac  portion  of  the  stomach 
the  gastric  contents  flow  through  the  pylorus,  when  in  the  pyloric 
antrum,  which  is  the  motor  part  of  the  stomach,  they  pass  almost 
entirely  through  the  anastomosis.     The  opening  in  the  intestine 
should  be  longitudinal  and  opposite  the  mesentery,  as  near  the 
origin  of  the  jejunum  as  possible,  usually  from  two  to  four  inches, 
t,hus  utilizing  that  portion  which  normally  lies  immediately  behind 
t-he  stomach  and  avoiding  a  loop.     Clamps  whose  blades  are  covered 
M'ith  rubber  tubing,  are  placed  on  the  intestine  and  the  stomach, 
to    prevent   extravasation  of  contents   and   bleeding   during   the 
operation  which  is  performed  as  follows:     The  abdomen  is  opened 
by  a  four  inch  incision,  separating  the  fibers  of  the  right  rectus 
muscle.    The  transverse  colon  and  omentum  are  turned  up  over 
the  epigastrium,  and  the  mesocolon  torn  through  at  a  bloodless 
spot  within  the  loop  of  the  middle  colic  artery.     A  fold  of  the 
posterior  wall  of  the  stomach  is  drawn  through  this  opening  and 
clamped   with  long  forceps,   the  heel  of  which  should  include  a 
portion  of  the  greater  curvature,  the  great  omentum  being  separated 
slightly  for  this  purpose  (Fig.  402).     The  jejunum  just  below  its 
origin  is  found  by  carrying  the  finger  along  the  root  of  the  transverse 
mesocolon  to  the  left  of  the  spine,  brought  to  the  surface,   and 
clamped,  the  heel  of  the  clamp  grasping  the  caudal  portion  of  the 
loop.     Unless  care  is  taken  to  apply  the  clamps  in  the  proper  direc- 
tion the  upper  portion  of  the  intestinal  loop  may  be  approximated 
to  the  lower  portion  of  the  stomach,  thereby  producing  a  twist  in 
the  loop.    After  replacing  the  colon  and  the  omentum  in  the  abdo- 
minal cavity  the  clamps,  with  the  handles  in  the  same  direction. 
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are  laid  side  by  side  and  surrounded  by  gauze  pads.  With  a  con- 
tinuous Lcmbert  suture  of  silk  or  celluloid  thread  the  stomach^is 
sutured  to  the  intestine  for  at  least  three  inches.  Both  thestomadi 
and  intestine  arc  now  incised  down  to  the  mucous  membrane,  aboot 
one-fourth  of  an  inch  in  front  of  the  suture  line.  The  mucous 
membrane  exposed  by  the  retraction  of  the  outft  coats  is  excisd 
and  the  stomach  united  to  the  intestine  all  around  the  anastomotic 
opening  by  a  continuous  catgut  suture,  passing  through  all  the  coati 
in  order  to  give  firm  apposition  and  stop  bleeding  (Fig.  403).  Thf 
clamps  are  now  removed  and  the  continuous  Lembert  suture  con- 


wall  of  the  stntnach  drawn  through  a  rent  in  the  itt» 
n  o£  BastrocoUc  omentum  from  its  altachment  W 
if  stomach  to  appear,  and  insurinB  drainage  « 
c  of  proposctTlinastoma&is;  the  jejunum  shon 


tinued  arouiiil  the  oi)ening  to  its  point  of  origin.  The  edges  of 
tlie  tear  in  the  mesocolon  are  fastened  to  the  stomach  to  prevent 
hernia,  ami  the  abdomen  closed  without  drainage.  Alter  operation 
the  jiaticnt  is  jmi  in  the  st-mi-sitting  posture  and  fed  as  after  gas- 
trotomy.  'J'he  niortatil_\-  of  gastroenterostomy  in  benign  cases  is 
3  per  cent,  in  malignant  cases  20  per  cent.,  most  of  the  deaths 
being  due  Id  jmeumonia,  exhaustion,  and  peritonitis,  the  last 
resulting  from  leakage  of  the  anastomosis,  particularly  in  those 
with  carcinomatous  cathexia.  Secondary  operation  is  required  in 
about  5  per  cent,  of  the  cases. 
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In  the  author's  method  of  gastroenterostomy  the  stoniiich  is 
ptied  by  lavage  shortly  before  the  induction  of  anesthesia  "The 
iterior  wall  of  the  stomach  is  exposed,  as  in  the  ordinary  oper- 
3n  of  retrocolic  gastroenterostomy,  by  tearing  through  the 
socolon.  A  celluloid  suture  is  passed  through  the  posterior 
U  of  the  stomafb  at  or  near  the  greater  curvature,  and  through 

an ti mesenteric  border  of  the  jejunum  several  inches  from  the 
>denojejunal  juncture.     Upward  traction  on  this  suture  causes 

stomach  and  the  intestine  to  fall  together.  A  second  suture 
n  unites  the  apposed  viscera  at  a  point  three  inches  from  the 
rinal  suture,  i.e.,  three  inches  nearer  the  duodenojejunal  juncture. 


■   403- — Forceps  in  place   and 


half  completed   by  ^ 


(Mayo.) 


le  tirst  suture  is  drawn  towards  the  patient's  left  shoulder,  the 
;onci  toward  the  patient's  right  hip,  thus  lifting  the  parts  to  be 
.astomosed  from  the  abdomen  and  bringing  them  into  taut  aUgn- 
ent.  These  sutures  may  be  confided  to  an  assistant  or  kept  tense 
■  attaching  to  each  a  pair  of  heavy  forceps.  The  line  of  contact 
;tween  the  stomach  and  the  intestine  is  now  made  permanent 
'  a  continuous  seroserous  suture,  extending  from  the  lower  guide 
ture  to  the  upper  guide  suture,  and  tied  at  the  latter  point,  the 
d,  however,  being  left  long  for  use  during  the  final  step  in  the 
lastomosis  (Fig.  404) .  After  shielding  the  general  peritoneal  cavity 
jm  contamination  by  means  of  an  encircling  gauze  pad,    the 
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peritoneal  coat  of  the  stomach  is  incised  close  to  and  parallel  with 
the  line  of  suture,  thus  exposing  the  blood-vessels  which,  with* 
small  l)ite  of  the  underlying  mucous  membrane,  as  yet  unopened, 
;ire  secured  with  ha-mostats  at  each  edge  of  the  incision  (Fig.  40;;. 
'I'he  number  of  ha?mostats  required  varies  with  the  length  of  tit 


incision  and  the  vascularity  of  the  part.  The  average  is  from  fiw 
to  six  on  each  side  i>f  the  incision.  A  smaller  number  is  shown  in 
the  illustration  for  the  purpose  of  clarity.  The  mucosa  is  incised 
between  the  rows  of  forceps,  thus  opening  the  stomach.  Additiooil 
lia:mostats  may  be  needed  to  control  minute  vessels  which  couU 
not  be  seen  before  the  incision  into  the  stomach  was  made.   A 
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gauze  pad  is  laid  over  the  gastric  incision,  and  the  row  of  forceps 
nearer  the  intestine  reflected  on  to  the  gauze.  In  the  same  way 
as  in  deaUng  with  the  stomach  the  outer  coat  of  the  intestine  is 
incised,  the  vessels  caught  with  hKmostats  (Fig.  406),  the  mucosa 
opened,  and  the  opening  covered  with  a  gauze  pad.     This  leaves 


the  posterior  wound  edges  exposed.  Each  pair  of  vessels  (one 
gastric  vessel,  one  intestinal  vessel)  in  these  exposed  edges  is  ligated 
with  a  single  strand  of  chromicized  catgut,  after  drawing  the  edges 
together  by  means  of  the  two  forceps  (one  on  the  stomach,  one  on 
the  intestine)  in  closest  proximity  {Fig.  407).  These  ligatures  not 
only  prevent  bleeding  but  also  hold  the  edges  in  firm  apposition. 
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If  :i  hiL'iiiostut  (Iocs  not  stand  in  close  relationship  with  a  iVII.) 
an  mJiiilitinal  fora'ps  may  be  employed  to  establish  this  relationship.  I 
After  removing  the  gauze  pads  which  lay  over  the  gastric  and  ih;  | 
intestinal  openings  the  anterior  edges  of  these  openings  arc  drawi  I 
tijgelhcr  by  ligatures,  beginning  at  the  end  farthest  from  the  surseon,  | 


'I'liir  twi)  forceps  which  lie  opposite  each  other  are  held  by  an  as- 
sistant, 'ihe  riKhl  end  of  tlie  ligature  is  passed  around  the  forcepe 
on  the  intestine  from  right  to  left,  the  left  end  around  the  forceps 
on  the  stomach  from  left  to  right;  thus  the  ends  emerge  between 
the  forceps,  beneath  the  loop  of  the  hgature  (Fig.  408).  The  forceps 
arc  brought  parallel  to  the  long  axis  of  the  wound,  rolled  toward  each 
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hus  inverting  the  mucous  edges  of  the  wound,  the  ligature  tied, 
;  forceps  removed.  Each  succeeding  pair  of  vessels  is  dealt 
a  similar  manner.  The  result  is  the  same  as  with  the  posterior 
edges,  i.e.,  ha;mostasis  is  assured  and  the  edges  are  bound 
together.     The  rest  of  the  proceeding  is  much  like  that 


followed.  The  seroserous  suture  is  continued  along  the 
r  portion  of  the  anastomosis  and  tied  at  its  point  of  origin 
39).  The  margins  of  the  rent  in  the  mesocolon  are  fastened 
itomach  or  the  intestine.  The  operation  is  easier  to  perform 
>s  dangerous  than  gastroenterostomy  in  which  clamps  are 
ed.     After    the    first  , guide    suture    has    iljeen    inserted 
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the  structures  to  be  joined  are  already  in  juxtaposition  and  th«? 
is  no  risk,  cvon  for  the  befrinner.  of  confusing  the  relations  ot  tht 
parts,  such  as  is  possible  during  the  application  of  clamps  and  thctr 
subsequent  adjustment.  Among  the  unreported  disasters  [olloiriii; 
gastroenterostomy  there  are  no  doubt  some  which,  thanks  to  in- 


I 


oxperiencf  and  damps,  result  from  suturing  the  lower  end  of  thf 
intestinal  opt-ning  to  the  upper  end  of  the  gastric  opening.  One 
of  the  stated  ad\'antages  of  clamps  is  that  they  steady  and  hold 
together  the  concerned  viscera.  As  a  matter  of  fact  the  stomach 
an<I  the  intestine  arc  necessarily  separated  by  the  interveoing  blades 
(if  these  instruments,  whereas  guide  sutures  not  only  permit  direct 
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;it  tliL-  s;imt!  time  create  ;i  rulfte  ;it  the  line  of  contact 
s  suturtiifE.  The  same  dej^'f-'O  of  close  aliRnment 
the  anterior  scroserous  suture,  after  the  anterior 
ive  been  inverted  by  the  ligatures.  When  clamps 
le  mucous  membrane  pouts,  being  squeezed  out  by 


s  usually  exfi-.-.j.  'J1ii>  .■x.isii.Ti  i>  not  iUT.lrd  in 
vithout  t-|;inil».  Simiriiiir  <>i  the  anli-rior  nlKf^  of 
■mbranc.  even  al't.r  ihe  (■l;ini|>s  have  Ijecn  rotated 
UT.  is  more  dilVh  ull  llian  the  appliialion  ni  ligatures 
liove.  I-'urlhiT.  nnr  draws  less  stomach  and  less 
the  abdomi-n   when   using  guide  suturvs  instead  of 
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clamps,  or,  to  put  it  in  other  words,  a  longer  anastomosis  can  be 
made  with  the  aid  of  guide  sutures  than  can  be  made  with  the 
same  amount  of  stomach  and  intestine  when  clamps  are  employed, 
a  consideration  which  occasionally  is  of  some  importance. 

The  danger  of  leakage  of  gastric  or  intestinal  contents  during 
the  operation  is  no  greater,  perhaps  even  less,  than  when  clamps 
are  applied.  Contusion  or  crushing  of  the  tissues  in  the  immediate 
vicinity  of  the  anastomosis  is  avoided.  Damage  of  this  nature  is 
potent  for  evil,  especially  in  the  old,  the  arteriosclerotic,  the 
cachectic.  The  possibility  of  clamp  injury  predisposing  to  peptic 
ulcer  of  the  jejunum,  or  causing  necrosis  at  the  site  of  anastomods, 
although  remote,  is  nevertheless  real,  and  must  be  included  in  the 
evidence  against  the  clamp.  The  greatest  menace,  however,  is 
that  of  bleeding  after  the  clamps  have  been  removed.  Like  a 
tourniquet,  the  clamp  increases  the  tendency  to  oozing  of  blood, 
after  the  removal  of  the  compression,  and  when  clamps  are  em- 
ployed in  gastroenterostomy  the  hemorrhage,  if  all  the  severed  vessels 
have  not  been  closed,  remains  undiscovered  until  the  patient  vomits 
the  blood  or  presents  evidences  of  acute  anemia.  One  is  then  con- 
fronted with  the  alternative  of  waiting  hopefully,  or  of  reopening 
the  abdomen,  during  a  critical  period,  in  order  to  arrest  the  bleeding. 
Even  carefully  applied  sutures  are  uncertain,  so  far  as  hsemostasis 
is  concerned,  unless  the  wound  is  inspected  after  the  clamps  have 
been  removed,  since  even  large  blood-vessels,  unseen  because 
empty,  may  readily  be  punctured  by  the  needle.  In  the  operation 
described  above  the  surgeon  ties  all  the  open  blood-vessels,  and 
may  assure  himself  that  haemostasis  is  complete  (Trans.  Amer. 
Surg.  Assoc,  1 91 7). 

The  vicious  circle  is  a  term  applied  to  the  passage  of  stomadi 
contents  into  the  afferent  limb  of  gut,  thence  back  into  the  stomach, 
which  is  emptied  by  vomiting.  Kocher's  method  for  preventing 
this  accident  has  already  been  mentioned.  In  operations  with  a 
loop,  an  anastamosis  may  be  made  between  the  lowest  portion 
and  the  jejunum.  In  addition  to  this  measure  the  afferent  loop 
may  be  ligated  with  silk,  fascia,  etc.,  between  the  two  points  of 
anastomosis,  or  the  j)ylorus  may  be  closed  (see  Exclusion  of  the 
Pylorus).  In  Roux's  method  *'en  Y"  the  jejunum  is  divided,  the 
lower  segment  anastomosed  with  the  stomach,  and  the  upper 
segment  with  the  side  of  the  lower  segment  several  inches  below 
the  stomach.  Excluding  diseases  not  consequent  upon  the  opera- 
tion, acute  and  atonic  gastrectasia,  recurrence  and  cancerizatioai 
of  the  ulcer,  and  ^Sdcious  circle,"  which  is  rare  after  the  no-kK^ 
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operation,  persistent  vomiting  following  retrocolic  gastroenteros- 
tomy is  due  to  gastrospasm  the  result  of  peptic  ulcer  of  the  jejunum 
(vide  infra),  to  peritonitis,  or  to  obstruction  the  result  of  kinking 
or  twisting  of  the  bowel,  hernia  of  the  small  intestine  through  the 
mesocolon,  or  contraction  of  the  anastomotic  opening.  The  X-ray 
is  of  great  service  in  diflFerentiating  these  lesions.  Vomiting  due  to 
obstruction  requires  a  secondary  operation  for  the  relief  of  the 
obstruction. 

Peptic  ulcer  of  the  jejunum  may  follow  gastroenterostomy,  owing 
to  the  corrosive  action  of  the  gastric  juice.  It  is  probably  more 
frequent  than  is  generally  thought,  many  cases  being  unrecognized. 
Roojen  (1910)  has  collected  89  cases,  most  of  which  occurred  after 
the  anterior  operation,  the  reason  for  this  being  that  the  upper  portion 
of  the  jejtmum,  such  as  is  utilized  in  the  posterior  operation,  is 
more  resistant  to  the  digestive  action  of  the  gastric  juice,  owing  to 
the  presence  of  bile  and  pancreatic  fluid.  The  onset  of  symptoms 
varied  from  ten  days  to  nine  years  after  the  gastroenterostomy.  The 
ulcer  is  usually  in  the  desending  limb  of  bowel,  but  may  attack  the 
anastomosis  itself  or  the  afiFerent  limb;  in  several  cases  there  were 
multiple  ulcers.  Not  one  occurred  after  gastroenterostomy  for 
cancer,  hydrochloric  acid  generally  being  absent  in  these  cases.  The 
ulcer  may  perforate  into  the  transverse  colon,  into  the  general  peri- 
toneal cavity,  or  it  may  cause  a  localized  peritonitis.  These  cases 
emphasize  the  importance  of  treatment  after  gastroenterostomy, 
particularly  in  the  presence  of  hyperacidity.  Some  of  the  patients 
with  acute  perforation  may  be  saved  by  operation.  In  chronic  cases 
the  ulcer  may  be  excised.  If  this  necessitates  removal  of  the  anasto- 
mosis, the  stomach  and  the  bowel  may  be  closed  separately,  if  the 
original  ulcer  has  healed  and  there  is  no  stenosis  of  the  pylorus.  In 
other  cases  a  new  gastroenterostomy  may  be  made  as  far  from  the 
pylorus  as  possible,  in  order  to  avoid  the  acid-forming  portion  of  the 
stomach.  Temporary  jejunostomy  may  be  indicated  in  patients 
who  are  too  ill  to  stand  a  longer  operation. 

Eichision  or  occlusion  of  the  pylorus  has  been  performed  to 
break  the  vicious  circle  (vida  supra),  to  promote  the  healing  of  a 
duodenal  fistula,  to  give  ulcers  of  the  pylorus  and  duodenum  com- 
plete rest,  and  to  maintain  the  patency  of  a  gastroenterostomy  open- 
ing, which,  if  the  pylorus  remains  open,  tends,  it  is  said,  to  contract 
and  finally  to  close.  The  last-mentioned  indication  is  of  doubtful 
importance,  since,  although  the  gastric  contents  after  gastroenter- 
ostomy often  prefer  the  old  to  the  new  exit,  it  is  unlikely  that  a 
well-made  anastomotic  opening,  unless  complicated  by  ulceration  at 
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the  -uiurv  line,  would,  even  if  non-functionating,  suffer  oblitera- 
litin.  \'on  Ki^-lberg*>  unilateral  exclusion  of  the  pylorus  is  effected 
Ia-  rlividing  the  pyloric  antrum  between  clamps  and  then  closing 
the  wound?  on  each  side  of  the  division.  Dobbertin  leaves  the 
^'astric  w«jund  open,  and  anastomoses  it.  behind  the  colon,  with 
the  aniimesenteric  border  of  the  upper  jejunum.  Bartlett  draws  up 
and  kink>  the  pylorus  with  a  skewer,  clamps  the  base  of  the  loop, 
passe.-  mattre»  sutures  through  the  four  walls  between  the  skewer 
and  the  elamp,  amputates  above  the  sutures,  applies  another  series 
of  stitches  to  the  lour  exposed  cut  edges,  and  covers  them  with  a 
continuou>  Lembert's  suture.  Biondi  incises  down  to  the  mucosa. 
whi(  h  is  sef>arated  as  a  cone  without  being  opened,  ligated  in  two 

places,  and  divided  between  the 
ligatures.  The  ends  are  in\*agi- 
nated,  and  the  incision  in  the  outer 
coats  closed.  The  operation  his 
\  J  J       been  modified  by  simply  ligating 


Fh..  4ic».   -Hriv.rkc-Mikulicz  pylor- 
(>])l,i-:\ -• '.-1.    Dirii  ti'>n  nf  incision  in 


Fig.  411. —  Finney  pyloroplasty. the 
posterior  sutures  of  silk  and  catgut 
and  the  first  anterior  sutures  of  cat- 
gut inserted. 


the  (one  of  mucosa  with  a  transplant  of  fascia  (Strauss).    Giraru 
incises  the  outer  coats  of  the  pylorus  transversely  to  its  long  axisand 
^utu^e-^  parallel  with  the  axis.     The  pylorus  may  be  occluded  b}' 
puckering  the  outer  coats  with  invagination  sutures  (Doyen),  orb}' 
h\t^Mtion  with  silk  (Kellin^),  wire,  aluminium  bands  (Brewer),  etc- 
or  with  a  transplant  of  omentum,  fascia  (Willems),  or  round  ligament 
(►f  th('  liver  (  Polya).     The  value  of  pyloric  closure  as  an  adjuvants 
♦gastroenterostomy  cannot  be  doubted.     Von  Eiselberg's  operation 
i>  sure  to  exclude  the  j)ylorus,  but  it  increases  the  risk  of  death. 
Literatures  of  foreign  material  usually  cut  their  way  into  the  pylorus, 
which  again  becomes  permeable.     Personally  we  employ  a  strip <rf 
fascia  from  the  rectus,  or  the  round  ligament  of  the  liver.    This 
precedure  suppresses,  temporarily  at  least,  the  passage  of  the  irritat- 
ing gastric  contents  over  the  ulcer,  and  does  not  add  to  the  riskoi 
the  gastroenterostomy. 
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Operations  for  Hour-glass  Stomadi  (see  ''Bilocular  Stomach"). 

Pyloroplasty  is  used  by  a  few  surgeons  for  benign  pyloric  stenosis. 
The  Heineke-Mikulicz  operation  consists  in  making  a  longitudinal 
incision  through  the  stricture  and  suturing  the  wound  transversely 
(Fig.  410).  This  has  been  superseded  by  Finney*s  pyloroplasty, 
which  not  only  enlarges  the  pylorus,  but  also  lowers  the  outlet  of  the 
stomach.  After  applying  clamps  to  the  stomach  and  the  duodenum 
the  greater  curvature  of  the  stomach  is  sutured  to  the  posterior 
surface  of  the  duodenum  with  silk.  An  incision  is  then  made  in 
front  of  these  sutures  on  the  inferior  surface  of  the  pylorus  and  con- 
tinued into  the  stomach  and  the  duodenum.  The  posterior,  then 
the  anterior,  lips  of  this  incision  are  united  by  catgut,  the  clamps 
removed,  and  the  Lembert  suture  continued  anteriorly,  as  in  gastro- 
enterostomy (Fig.  411).  Ramtnstedt^s  pyloroplasty  is  described  imder 
"Congenital  Stenosis  of  the  Pylorus." 

Gastrectomy  may  be  partial  or  complete. 

Partial  gastrectomy  is  performed  for  ulcer  or  for  localized  tumors 
of  the  gastric  wall.  A  piece  of  the  anterior  wall  of  the  stomach  or  of 
the  greater  curvature  is  easily  excised,  the  wound  being  closed  as  in 
gastrotomy.  Excision  of  a  portion  of  the  lesser  curvature,  e.g.,  for 
ulcer,  is  more  difficult.  The  method  we  have  adopted  is  to  make  an 
opening  in  the  gastrohepatic,  and  another  in  the  gastrocolic,  omen- 
tum. Clamps,  applied  from  below,  are  placed  across  the  whole 
width  of  the  stomach,  on  each  side  of  the  ulcer.  This  is  much  easier 
than  trying  to  isolate  the  ulcer  alone  by  clamping  the  lesser  curvature 
from  above.  The  coronary  vessels  are  ligated  to  the  right  and  the 
left  of  the  ulcer;  the  ulcer  is  excised  by  a  V-shaped  or  an  elliptical 
incision;  the  clamps  are  lifted  and  rotated,  so  as  to  bring  in  contact 
the  peritoneal  surfaces  .01^  £ach  side  of  the  incision  in  the  posterior 
wall;  tenaculum  forceps  applied  to  the  inverted  upper  and  lower  ends 
of  the  posterior  incision,  to  maintain  the  inversion  and  prevent 
slipping  of  the  clamps;  the  posterior  peritoneal  surfaces  sutured, 
through  the  anterior  wound,  with  celluloid  thread,  the  posterior 
mucous  surfaces  with  catgut;  then  the  anterior  mucous  surfaces 
with  catgut,  the  anterior  peritoneal  surfaces  with  an  inversion  suture 
of  celluloid  thread.  The  clamps  are  removed,  the  openings  in  the 
omenta  closed.  The  suture  line  runs  perpendicularly  to  the  long 
axis  of  the  stomach;  suturing  in  the  opposite  direction  produces  too 
much  narrowing  of  the  gastric  cavity.  Balfour^s  cautery-excision 
makes  a  smaller  opening  in  the  stomach  than  the  operation  just 
described.  The  gastro-hepatic  omentum  over  the  ulcer  is  detached, 
the  ulcer  destroyed  with  the  actual  cautery,  the  perforation  thus 
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produced  closed  with  a  double  layer  of  inversion  sutures,  aad  iht 
suture  line  reinforced  by  sewing  the  detached  omentum  over  it.  If 
there  is  a  large  saddle  ulcer  or  an  hour-glass  constriction  the  entire 
middle  segment  of  the  stomach  may  be  removed  by  circular  rcseciim 
(Fig.  377).  Kxdsion  of  a  portion  of  the  posterior  wall,  e.g.,  forulor, 
may  be  accomplished  after  pushing  the  posterior  waU  through  an 
opening  in  the  gastrohcpatic  or  the  gastrocolic  omentum,  or  throu^ 
the  transverse  mesocolon.     When  the  ulcer  is  densely  adherent  Maro 


Fic.  413. — (Mayo.) 

performs  Iraitsf^dslrk  partial  gastrectomy.  The  anterior  wall  of  the 
stomach  is  incised,  and  through  the  stomach  the  ulcer  is  removtd 
and  the  resulting  wound  sutured.  The  incision  in  the  anterior  vail 
is  then  closed.  Resection  of  the  cardiac  orifice  is  described  under 
"Stricture  of  the  J^sophagus. "  The  term  #y/«rectomy  may  mean 
not  only  resection  of  the  pylorus  alone,  but  also  resection  of  the 
pylorus  and  a  large  amount  of  the  stomach.  Perhaps  it  would  be 
better  to  designate  the  latter  as  subtotal  gastrectomy.  These  open- 
tions  are  described  below. 

Pylorectomy  is  usually  performed  for  cardiuHna,  occa^ooaUy  foe 
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ic  ulcer.  Pylorectomy  for  carcinoma  should  remove  the  growth 
the  lymphatic  glands  into  which  it  drains,  i.e.,  those  along  the 
r  curvature,  and  those  along  the 
:er  curvature  near  the  pylorus.  The 
r  group  of  glands  drains  the  adjacent 
of  the  stomach,  the  lymph  stream 
ng  from  left  to  right,  hence  the 
ice  of  involvement,  in  pyloric  carci- 
1,  of  the  lymph  glands  along  the  left 
thirds  of  the  greater  curvature.  After 
pylorus  has  been  removed  there  are 
-al  ways  of  restoring  the  continuity  of 

[astrointestinal  canal.  In  Brillroth's  Arrow  siwws  direction  ot  int«- 
method  the  open  end  of  the  duodenum  tinai  current.  A.  origUi  o( 
iutured  to  the  lower  end  of  the  wound 

I  stomach,  the  superfluous  part  of  the  stomach  wound  being  closed 
itures;  leakage  often  occurred  where  the  three  lines  of  suture  met. 


Pio.  413— Polya- 


Pic.  414.— (Mayo.) 

whole  of  the  gastric  wound  may  be  anastomosed  with  the  side  of 
!Jimum  by  the  antecolic  (Kroelein)  or  the  re trocolic  route  (Polya) . 
413.)    The  upper  or  the  lower  part  of  the  gastric  wound  may 
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be  closed,  and  the  remaining  portion  anastomosed  with  the  jejunum 
(vide  infra).  In  Kocher's  method  the  stomach  wound  is  closed  and 
the  end  of  the  duodenum  anastomosed  to  the  posterior  gastric  waD. 
In  Billroth's  second  method,  the  procedure  now  generally  employed, 
both  the  wound  in  the  stomach  and  that  in  the  duodenum  are  closed 
and  an  anterior  or  a  posterior  gastrojejunostomy  i>erf ormed.  Mayo 
describes  the  operation  as  follows:  "Open  the  abdomen  by  a  longi- 
tudinal incision  from  the  ensiform  cartilage  to  the  umbilicus;  ligatc 
and  divide  the  gastric  artery  near  the  stomach,  ligate  and  divide  the 
gastrohepatic  omentum  close  to  the  liver  and  tie  the  superior  pyloric 
artery.  Free  the  upper  part  of  the  duodenum  and,  with  the  finger 
as  a  guide  beneath  the  pylorus  in  the  lesser  peritoneal  cavity,  b'gate 
the  right  gastroepiploic  or  gastroduodenal  artery.  Tie  and  sever 
the  gastrocolic  omentum  near  the  colon  as  far  as  the  desired  point 
on  the  greater  curvature  and  here  secure  the  left  gastroepq)loiG 
vessels.  Apply  two  short  clamps  to  the  duodenum,  sever  the  duo- 
denum between  the  clamps  with  the  cautery,  and  close  it  by  a  con- 
tinuous catgut  suture  which  is  buried  by  a  purse-string  suture  of 
silk.  Double  clamp  the  stomach  along  the  Mikulicz-Hartmann  line 
(Fig.  412),  and  sever  between  the  clamps  with  the  cautery.  Close 
the  stomach  by  a  continuous  suture  of  catgut  and  a  continuous 
Lembert  suture  of  silk.     Perform  a  gastrojejunostomy  (Fig.  414)' 

After  abandoning  the  operation  just  described  the  Mayos  tried 
the  Polya  method  (Fig.  413),  in  which  the  beginning  of  the  jejunum 
is  brought  up  through  the  transverse  mesocolon  and  anastomosed 
with  the  whole  length  of  the  opening  left  after  amputation  of  the 
stomach,  and  then  the  Kroenlein  operation,  which  is  the  same  as 
that  of  Polya,  except  that  a  long  loop  of  the  jejunum,  passing  up 
in  front  of  the  colon,  is  used  for  the  anastomosis.  At  the  present 
time  (191 9)  they  close  the  lower  part  of  the  gastric  wound,  and 
anastomose  the  upper  part  with  the  side  of  the  jejunum  14  inches 
from  its  origin.  The  apposed  stomach  and  intestine  below  the 
anastomosis  are  sewed  together  in  order  to  reinforce  the  gastnc 
suture  line  (Fig.  422).  ''The  transverse  colon  naturally  sags  in  its 
mid  portion;  by  turning  the  bowel  from  left  to  right  it  is  brought  to 
the  left  of  the  center,  while  the  stomach  delivers  along  its  lesser 
curvature,  the  more  fixed  portion  of  the  viscus.'"  At  the  Ma)'0 
clinic  the  mortality  of  resection  of  the  stomach  for  malignant  disease 
is  13.7  per  cent.;  of  the  patients  who  recovered  from  the  operatk» 
37.6  per  cent,  were  well  after  three  years,  25  per  ceat.  after  foe 
years  (19 19).  ■ 

The  author's  method  of  subtotal  gastrectoaQ;  j||ig|||^M^ 


k  415  to  4». — Snbtotal  saitrectomy. 
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moving  the  diseased  segment  of  stomach  from  left  to  right,  after 
performing  an  end-to-side  anastomosis  between  the  lower  portioB 
of  the  incision  that  amputates  the  stomach  and  the  upper  part  of  the 
jejunum,  the  operation  being  so  conducted  that  thesuturingnecessai; 
to  unite  the  stomach  to  the  intestine  is  completed  before  either  viscus 
is  opened.  The  gastric  artery  is  doubly  ligated  at  the  upper  end  ol 
the  proposed  line  of  section  of  the  stomach,  and  divided  between 
the  ligatures.  The  gastrohepatic  omentum  is  tied  in  sections  and 
severed.  The  left  gastroepiploic  artery  is  ligated  about  one  half  indi 
on  each  side  of  the  lower  end  of  the  proposed  line  of  section  of  the 
stomach,  and  the  segment  of  artery  between  the  ligatures  excised. 
The  gastrocolic  omentum  is  tied  and  cut,  from  a  point  about  two 
inches  to  the  cardiac  side  of  the  selected  line  of  gastric  amputation 
to  the  duodenum.  The  transverse 
mesocolon  is  drawn  taut,  without 
puUing  the  colon  from  the  abdomi- 
nal cavity,  and  a  hole  torn  in  this 
>  membrane,  form  the  upper  side, 
within  the  arc  of  the  midcolic 
'  artery.  The  upper  end  of  the 
jejunum  immediately  bulges  into 
this  opening  and  is  drawn  into  the 
lesser  peritoneal  cavity.  A  suture 
is  passed  through  the  greater  curva- 
ture of  the  stomach,  midway  b^ 

..,..,        1  .     ,        ,.  tween   the   ligatures   on  the  left 

dicate  site  of  anastomosis  and  retro  colic  _        _  " 

portion  o£    bowel.     Omenta    omitted,  gastroepiploic  artery,  and  throupi 

Arrow   indicates   direction   of  intestinal  .i  ..  i     -      <_       <         i  .l. 

current.   A,  origin  ot  jejunum  1°*  anUmcsentenc  botder  of  the 

jejunum,  at  a  point  about  £veor 
six  inches  below  the  origin  of  the  jejunum,  the  distance  varying  ac- 
cording to  the  degree  of  dilatation  of  the  stomach.  By  pulling 
upwards  on  this  suture  the  posterior  wall  of  the  stomach  and  the 
upper  segment  of  the  jejunum  are  brought  in  contact.  A  sutureunit- 
ing  the  posterior  wall  of  the  stomach  to  the  intestine  is  inserted  about 
three  inches  above  the  original  suture,  and  a  third  suture  is  passed 
through  the  posterior  wall  of  the  stomach  alone,  an  inch  or  more 
above  the  second  suture  (Fig.  415},  both  of  these  sutures  being  on 
the  line  through  whicli  the  stomach  is  to  be  amputated.  Two  sutuis 
are  now  placed  in  the  anterior  wall  of  the  stomach,  at  points  cone- 
sponding  to  the  upper  sutures  in  the  posterior  wall  (Fig.  416).  Tit 
point  at  which  each  anterior  suture  is  to  be  inserted  may  be  detcs- 
mined  easily  by  grasping  thestomach  with  the  left  hand  ia  such  a  mf 


—Mayo.      Dotted   I 
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that  the  index  finger  presses  the  point  of  insertion  on  the  posterior 
wall  up  against  the  corresponding  point  on  the  anterior  wall,  which 
point  is  marked  by  the  thumb.  Suture  A  is  now  drawn  upwards  to 
the  right  (i.e.,  towards  the  patient's  right  shoulder),  sutures  B  and 
D  downwards  to  the  left  (i.e.,  towards  the  patient's  left  hip)  and 
tied  together,  sutures  C  and  E  likewise  downwards  and  to  the  left 
and  tied  together  (Figs.  417  and  418).  The  upper  segment  of  the 
jejunum  is  thus  surrounded  by  the  stomach,  the  anterior  wall  of  which 
lies  against  the  right  side  of  the  bowel,  the  posterior  wall  against  the 
left  side  of  the  bowel.  Between  sutures  B,  D  and  sutures  C,  E  the 
anterior  and  the  posterior  walls  of  the  stomach  are  in  contact 
which  contact  is  made  permanent  by  the  introduction  of  a  sero- 
serous  suture  of  celluloid  thread,  which  suture  is  continued  from 
B,  D  to  A,  uniting  the  anterior  wall  of  the  stomach  to  the  bowel  and 
from  A  back  to  B,  D,  uniting  the  posterior  wall  of  the  stomach 
to  the  bowel  (Fig.  418).  This  seroserous  suture  is  over  laid  by  a 
through-and-through  catgut  suture,  and  sutures  B  and  D  are  cut  ofiF 
short.  The  greater  curvature  of  the  stomach  is  grasped  with  forceps 
about  one-half  inch  from  A  (Fig.  419),  and  the  lesser  peritoneal  cavity 
filled  with  gauze.  The  portion  of  the  antimesenteric  border  of  the  in- 
testine exposed  between  the  rows  of  sutures  is  excised,  and  an  incision 
made  in  the  stomach  close  to  the  suture  line,  begining  at  G,  passing 
between  A  and  F,  and  ending  at  H  (Fig.  419).  After  ligating  any 
vessels  which  have  not  been  caught  by  the  sutures,  thread  A  is 
cut  and  the  stomach  allowed  to  straighten  itself  (Fig.  420).  A  clamp 
is  placed  across  the  stomach  to  the  pyloric  side  of  the  line  of  section, 
and  the  amputation  completed  after  approximating  the  anterior  and 
the  posterior  walls  of  the  stomach,  between  J  and  K  (Fig.  420),  by 
several  through-and-through  sutures  of  catgut,  which  sutures  are 
buried  by  an  inversion  seroserous  suture  of  celluloid  thread.  It  is  well 
but  not  essential,  to  insert  the  uppermost  inversion  suture  before 
completing  the  amputation  of  the  stomach,  since  by  pulling  on  this 
suture  the  raw  edges,  which  are  already  inverted  at  the  lower  end 
(J,  Fig.  420),  recede  between  the  serous  coats,  which  can  then  be 
rapidly  sutured  (Fig.  421).  The  pyloric  segment  of  the  stomach  is 
drawn  from  the  abdominal  cavity  and  turned  over  on  the  patient's 
right  hypochondrium,  the  superior  pyloric  and  the  gastroduodenal 
arteries  secured  above  and  behind  the  pylorus,  the  duodenum  severed 
between  ligatures,  and  the  duodenal  stump  inverted.  The  edges  of 
the  rent  in  the  transverse  mesocolon  may  be  attached  to  the  jejunum 
or,  if  there  is  much  gastrectasia,  to  the  stomach.  The  operation 
just  described  may  be  performed  in  any  case  of  gastrectomy  in 
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which  posterior  gastroenterostomy  is  applicable,  and  perhaps  in  some, 
in  which,  owing  to  the  small  size  of  the  gastric  stump,  posterior 
gastroenterostomy  would  be  injudicious.  With  equal  practice  in  the 
two  operations  the  newer  one  should  be  less  difficult  and  more  n^id; 
there  is  less  cutting  to  be  done,  consequently  less  suturing;  the 
lower  part  of  the  incision  for  amputating  the  stomach  serves  at  the 
same  time  for  the  anastomotic  opening.  In  the  newer  method  the 
anastomotic  opening  is  at  the  lowest  part  of  the  stomach,  and 
all  of  the  anastomotic  sutures  and  a  portion  of  the  sutures  whidi 
close  the  stomach  above  the  anastomosis^  are  in  place  before  either 
the  stomach  or  the  intestine  is  opened.  When  the  incisions  are  made 
the  cut  edges  are  in  view,  unrestrained  by  clamps  ,so  that  hemostasis 
may  be  made  absolute  '"(trans,  of  the  Amer.  Surg.  Assoc,  1914). 

Complete  or  total  gastrectomy  has  been  performed  twenty-five 
times,  with  thirteen  recoveries.  It  is  indicated  in  the  rare  cases  in 
which  almost  the  entire  stomach  is  cancerous,  but  in  which  the 
surrounding  organs  are  free.  The  greater  and  lesser  omenta  arc 
ligated  and  divided  ,and  the  entire  stomach  removed  between  clamps. 
The  open  end  of  the  duodenum  is  closed,  and  the  esophagus  anasto- 
mosed to  the  upper  jejunum  with  sutures  or  a  Murphy  button. 
In  some  cases  it  may  be  possible  to  anastomose  the  esophagus  to  the 
duodenum. 

THE  INTESTINES 

Ulcer  of  the  duodenum  is  usually  solitary  and  located  on  the 
anterior  wall  within  two  inches  of  the  pylorus,  at  the  point  where  the 
acid  gastric  contents,  ejected  through  the  pylorus,  strike  the  duo- 
denal mucosa.  It  is  due  to  the  same  causes  and  occurs  twice  as 
often  as  ulcer  of  the  stomach,  is  more  common  in  men  (4  to  i) 
between  the  ages  of  thirty  and  fifty,  and,  unlike  gastric  ulcer,  shows 
little  tendency  towards  carcinomatous  degeneration.  The  sympUmi 
are  much  like  those  of  gastric  ulcer,  but  vomiting  is  unusual  unless 
self  induced,  blood  is  more  apt  to  be  passed  by  bowel  than  vomited, 
so  that  serious  bleeding,  although  causing  faintness,  pallor,  etc.,  may 
not  be  suspected  unless  the  stools  are  examined;  the  pain  occurs  sev- 
eral hours  after  eating,  not  infrequently  after  the  patient  has  retired 
for  the  night,  and  is  often  relieved  by  food  (hunger  pain),  probably 
because  the  food  gives  the  hydrochloric  acid  something  to  act  upon 
and  stimulates  the  secretion  of  the  alkaline  duodenal  juices;  and  the 
tender  point  is  just  above  and  to  the  right  of  the  lunbilicus  (Fig.  376)- 
The  X-ray  after  the  ingestion  of  barium,  shows  no  pylorospasmbut 
rather  incontinence  of  the  pylorus,  the  barium  flowing  at  once  from 
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the  stomach,  which  may  be  empty  at  the  end  of  two  or  three  hours, 
and  is  always  empty  at  the  end  of  two  or  three  hours,  and  is  always 
empty  at  the  end  of  five  or  six  hours.  The  shadow  cast  by  the 
"cap"  may  show  irregularities  due  to  spasm,  adhesions,  or  ulceration; 
a  notch  with  the  base  towards  the  duodenum  is  seen  only  in  very 
deep  ulcers.  Perforation  is  most  apt  to  occur  when  the  ulcer  is  in 
the  anterior  or  the  right  lateral  wall,  serious  hemorrhage  when  in  the 
posterior  or  left  lateral  wall,  owing  to  the  proximity  of  the  gastro- 
duodenal  artery.  Acute  perforation  is  more  frequent,  but  somewhat 
less  serious,  than  in  gastric  ulcer.  The  contents  of  the  duodenum 
are  relatively  small  and  sterile  and,  when  a  leak  occurs,  t^nd  to 
gravitate  into  the  right  iliac  fossa  (hence  the  frequency  with  which  a 
diagnosis  of  appendicitis  is  made),  whereas  a  large  quantity  of  the 
gastric  contents  may  be  quickly  diffused  over  the  peritoneal  cavity, 
and  fatal  hemorrhage  may  occur.  The  treatment  of  duodenal  ulcer 
is  that  of  gastric  ulcer.  (For  Curling's  ulcer  of  the  duodenum  see 
"Bums.") 

Wounds  of  the  intestine  (see  "Contusions  and  Wounds  of  the 
Abdomen"). 

Congenital  stenosis  of  the  intestine  may  occur  near  the  common 
bile  duct,  and  in  the  lower  ileum  at  a  point  corresponding  to  the 
situation  of  Meckel's  diverticulum.  Imperforate  anus  is  considered 
OQ  a  later  page.  Meckel's  diverticulum  is  a  persistent  omphalo- 
mesenteric duct,  which  generally  arises  from  the  ileum  about  three 
feet  above  the  ileocecal  valve.  It  exists  in  2  per  cent,  of  human 
beings.  It  may  open  at  the  umbilicus  {congenital  fecal  fistula,  see 
umbilicus),  or  be  obliterated  in  whole  or  part,  the  obliterated 
portion  persisting  as  a  cord  attached  to  the  umbilicus,  the  mesen- 
tery, or  other  viscus^  In  many  cases  the  diverticulum  hangs  free  in 
the  peritoneal  cavity,  its  interior  being  lined  with  mucous  membrane 
and  communicating  with  the  intestine.  The  structure  may  become 
inflamed,  the  symptoms  and  treatment  being  the  same  as  those  of 
appendicitis,  or  it  may  cause  intestinal  obstruction  by  kinking  or 
twisting  the  bowel,  by  invaginating  into  the  bowel  {intussusception) , 
or  by  acting  as  a  band  or  noose  which  constricts  or  ensnares  a  coil  of 
intestine.  Obstruction  is  most  common  in  early  life  and  the  patient 
may  exhibit  other  deformities,  but  there  is  nothing  distinctive  in  the 
symptoms.  The  diverticulum  might  be  shown  by  the  X-ray. 
When  inflamed  or  giving  rise  to  obstruction,  the  diverticulum  should 
be  excised,  and  the  opening  in  the  bowel  closed  with  Lembert  sutures. 

Acquired  diverticula  are  most  frequent  in  the  descending  colon 
and  sigmoid  of  fat  constipated  men  past  middle  life.     They  are 
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usually  multiple,  may  be  very  minute  or  as  large  as  a  cherr>%  and 
represent  hernial  protrusions  of  the  mucosa  through  the  muscularis, 
often  at  the  point  where  vessels  pierce  the  bowel  wall  to  enter  the 
appendices  epiploicae.  Diverticulitis  often  results  from  the  irrita- 
tion of  a  fecal  concretion.  The  symptoms  of  the  acute  form  arc 
those  of  appendicitis,  except  that  the  trouble  is  in  the  left  abdomen 
(Fig.  376).  Perforative  peritonitis  or  localized  abscess  may  follow. 
In  the  chronic  variety  the  colon  about  the  diverticulum  participates 
in  the  inflammation  and  finally  becomes  thick,  hard,  and  contracted 
causing  s5rmptoms  of  chronic  obstruction,  sometimes  pus  and  blood 
in  the  stools,  and  closely  mimicking  scirrhous  carcinoma.  Car- 
cinoma may  indeed,  coexist  or  be  due  to  diverticulitis.  The  X-ray 
after  an  opaque  enema  may  reveal  the  constriction,  as  well  as  the 
pockets  caused  by  the  diverticula.  The  treatment  of  perforation  is 
suture;  of  abscess,  drainage;  of  stricture,  excision. 

Idiopathic  dilatation  of  the  colon  (Hirschsprung's  disease)  may 
occur  at  any  period  of  life,  but  is  usually  of  congenital  origin  and 
most  frequent  in  male  infants.  Although  mild  cases  may  remain 
stationary,  the  disease  generally  progresses,  and  terminates,  in  from  a 
few  weeks  to  many  years,  in  death  from  peritonitis,  toxemia,  or 
pneumonia.  The  whole  colon,  or  only  a  part,  usually  the  sigmoid, 
may  be  involved.  The  bowel  is  greatly  dilated  (the  circumference  in 
one  case  reaching  30  inches),  hypertrophied,  sometimes  elongated, 
often  kinked,  and  frequently  contains  stercoral  ulcers,  which  on 
healing  may  lead  to  stenosis.  The  symptoms  are  obstinate  consti- 
pation (the  bowels  may  not  move  for  weeks),  sometimes  alternating 
with  diarrhea;  emaciation;  possibly  convulsions  or  tetany;  bal- 
looning of  the  abdomen;  diastasis  of  the  recti;  distension  of  the 
superficial  veins;  visible,  audible,  and  palpable  peristalsis;  fore- 
shortening of  the  thorax;  flaring  of  the  costal  margins;  and  inter- 
ference with  the  action  of  the  heart  and  lungs  from  pressure.  Pain, 
tenderness  and  vomiting  are  often  absent.  Indican  may  be  found 
in  the  urine.  The  size,  shape,  and  position  of  the  colon  can  be 
demonstrated  by  the  X-ray,  after  the  administration  of  an  opaque 
enema.  The  treatment  is  at  first  medical,  viz.,  liquid  diet»  tonics, 
strychnin,  colonic  lavage,  electricity  locally,  and  abdominal  massage. 
If  these  measures  fail  appendicostomy  and  daily  irrigations  of  the 
colon,  short  circuiting  of  the  colon  by  ileosigmoidostomy,  or  excision 
of  the  colon  or  its  most  affected  part  may  be  performed.  In  des- 
perate cases  right  inguinal  colostomy  is  indicated,  more  radical 
measures  being  adopted  after  improvement  has  occurred. 

Pericolitis  has  been  explained  in  three  ways.     The  evolutionar}' 
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theory  is  that  the  membranous  bands  described  below  develop  to 
support  the  intestine,  which,  owing  to  the  erect  posture  of  man, 
tends  to  gravitate  toward  the  pelvis;  the  developmental  theory  that 
the  bands  result  from  abnormalities  in  the  rotation  and  descent  of 
the  cecum  (but  the  condition  may  be  found  also  about  the  descending 
colon  and  the  sigmoid) ;  the  infectious  theory  that  the  membranes  are 
due  to  infection  transmitted  through  the  walls  of  the  bowel  to  the 
peritoneal  covering,  as  the  result  of  chronic  colitis  or  colonic  stasis. 
Pericolitis  arising- from  other  causes,  e.g.,  diverticulitis,  is  not  in- 
cluded under  this  heading.  The  advocates  of  the  infectious  theory 
point  out  that  normally  the  large  gut  is  firmly  attached  at  its 
highest  point,  the  splenic  flexure,  to  the  diaphragm  by  the  short 
phrenocolic  ligament,  and  at  this  point  there  is  a  spur,  because  the 
adjacent  portions  of  the  transverse  and  the  descending  colon  lie  in 
contact,  sometimes  for  a  distance  of  five  or  six  inches.  According 
to  Cannon,  "the  purpose  of  this  arangement  is  to  prevent  the  rapid 
entrance  of  fecal  matter  from  the  upper  portions  of  the  colon  into  the 
sigmoid.  The  function  of  the  former  is  absorptive,  of  the  latter, 
eliminative.  Hence  we  find  that  ordinarily  the  cecum,  ascending 
and  transverse  colon  are  distended  with  fecal  matter  and  gas,  while 
the  sigmoid  is  empty  and  contracted.  A  similar  though  less  pro- 
nounced arrangement  exists  at  the  hepatic  flexure  (Glenard).  The 
resistance  offered  by  the  splenic  flexure  on  one  side,  and  by  the  closure 
of  the  ileocecal  valve  on  the  other,  renders  consecutive  peristaltic 
and  antiperistaltic  locomotion  of  the  intestinal  contents  between 
these  points  possible."  If  this  normal  or  quasi-normal  retardation 
is  exaggerated,  undue  desiccation  takes  place  above  the  splenic 
flexure,  and  habitual  constipation  follows,  with  catarrhal  colitis  and 
bacterial  penetration  of  the  intestinal  wall  (Gerster). 

Pathologically  the  peritoneum  is  thickened,  and  in  places,  notably 
the  cecum,  ascending  colon,  and  splenic  flexure,  adhesions  develop, 
often  broad  and  membranous  (Jackson^ s  membrane)  y  but  sometimes 
long  and  cord-like.  These  adhesions  interfere  with  normal  peristal- 
sk  by  compressing  or  stiffening  the  gut,  or  by  accentuating  the 
normal  flexures  as  the  result  of  the  glueing  together  of  the  adjacent 
segments  ("double-barrel  stenosis"),  thus  rendering  the  constipa- 
tion still  more  obstinate.  Complete  obstruction,  however,  rarely 
occurs. 

The  symptoms  are  those  of  chronic  colitis,  chronic  constipation, 
autointoxication,  and  neurasthenia.  There  is  general  abdominal  un- 
easiness ,and  sometimes  real  pain  and  tenderness  over  the  cecum, 
which,  when  thickened   and  distended,  can  often  be  outlined  by 
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palpation.  Occasionally  there  are  sharp  attacks  of  colicky  pan  in 
this  region,  particularly  after  dietary  indiscretions,  which  attach 
are  relieved  by  a  free  bowel  movement  or  the  expulsion  of  fis- 
Many  of  these  cases  are  operated  upon  for  appendicitis,  which,  itis 
true,  not  infrequently  is  associated  with  and  due  to  colitis.  Removi] 
of  the  appendix,  however,  does  not  relieve  the  patient  of  the  colitisa 
pericolitis,  evidences  of  which  conditions  should  be  sought  for  when- 
e\'er  the  abdomen  is  opened  for  nonsuppurative  lesions  in  theri^t 
iliuc  fussa.  Willems  thinks  many  of  these  cases  of  cecal  colic  are  dot 
not  to  fixation  of  the  cecum,  but  to  abnormal  laxity  of  its  attadi- 


mcnls,  a  conflition  which  he  calls  cecum  mobile,  and  which  he  tteatJ 
liy  attachinj:  the  cecum  to  the  parietal  peritoneum  (cecopeiy)' 
(Hhcrs  bolie\-c  spasm  or  atony  to  be  the  most  important  faclC 
licTice  the  terms  typiilospttsm.  lyphlatomy,  iyphleclasia. 

In  pericolitis.  X-ray  examination,  after  a  barium  meal.  sho«* 
retention  of  the  bismuth  in  the  cecum,  sometimes  for  24or48h(«R 
dilatation  of  the  colon,  and  abnormalities  in  its  position,  e.g.,  pW* 
double- barrel  stenosis  (Fips.  422a,  423). 

The  treatment  of  pericolitis,  is  first  medical  measures  diMCt* 
against  the  chronic  catarrhal  colitis.  If  medical  treatment  f* 
operation  is  indicated,  care  being  taken,  however,  to  exdudeC^ 
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of  neurasthenia  and  hysteria  not  secondary  to  the  condition  under 
discussion.  Even  when  operation  is  undertaken  it  should  be  follow- 
ed by  dietary,  medicinal,  and  hygienic  measures,  if  the  best  results 
are  to  be  obtained.  Usually  an  incision  should  be  made  in  the  right 
iliac  region,  the  appendix  removed,  and  any  restraining  adhesions, 
if  membranous,  severed  transversely  to  the  direction  of  the  adhesions 
and  sutured  longitudinally,  or,  if  cord-like,  ligated  and  divided.  In 
some  cases  the  membranous  film  over  the  cecum  has  been  completely 
detached  and  sutured  behind  the  cecum,  the  resulting  raw  surface 
being  covered  with  peritoneum.  Lane  calls  attention  particularly 
to  adhesions  which  sometimes  are  attached  to  and  drag  upon  the 
lower  end  of  the  ileum,  forming  a  V-shaped  kink.  In  cases  in  which 
the  colon  is  hopelessly  crippled  it  may  be  short  circuited  by  ileo- 
sigmoidostomy  (see  "Exclusion  of  the  Intestine")  or  excised. 
Appendicostomy  or  cecostomy  is  indicated  only  in  severe  ulcerative 
forms  of  colitis. 

Typhoidal  perforation  of  the  intestine  i^  probably  responsible 
for  one-tbird  of  the  fatalities  in  enteric  fever.  The  accident  usually 
occurs  during  the  third,  fourth,  or  fifth  week,  although  it  may 
happen  at  any  stage  of  the  disease.  As  a  rule  the  pain  is  sudden 
in  onset,  begins  in  the  right  lower  quadrant  of  the  abdomen,  quickly 
becomes  generalized  and  persists  despite  the  hebetude  of  the  patient. 
Tenderness  is  most  marked  in  the  region  of  the  perforation,  usually 
the  right  iliac  fossa,  and  may  be  elicited  also  on  rectal  or  vaginal 
examination.  Rigidity  of  the  abdominal  muscles  is  the  most  valua- 
ble sign;  it  is  at  first  localized  over  the  area  of  perforation,  thence 
becoming  generalized  with  the  spread  of  the  infection.  The  hard- 
ening of  the  belly  wall  due  to  meteorism,  to  emaciation,  to  the 
application  of  cold  water,  or  to  associated  pulmonary  disease  should 
not  mislead  the  surgeon.  The  remaining  symptoms  are  those  of 
pneumoperitoneum  with  diffuse  peritonitis  (q.v.).  Typhoidal  per- 
foration may  be  confounded  with  almost  any  other  lesion  producing 
a  peritonitis,  with  any  form  of  intestinal  obstruction,  and  with  spon- 
taneous rupture  of  the  spleen,  but  as  the  treatment  of  all  these  cases 
is  laparotomy,  a  failure  to  differentiate  them  is  not  productive  of 
harm.  One  must  be  most  careful,  however,  to  exclude  constipation, 
distention  of  the  urinary  bladder,  catarrhal  cholecystitis,  pleurisy, 
iliac  phlebitis,  and  epididymitis,  all  of  which  may  simulate  perfora- 
tion, and  none  of  which  requires  operation  (cf.  "Unnecessary 
Abdominal  Section"  and  ^'Diagnosis  of  Appendicitis").  The  most 
difficult  differential  diagnosis  is  that  between  intestinal  hemorrhage 
and  perforation  as  the  symptoms  are  sometimes  identical;  to  mistake 
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hemorrhage  for  perforation  means  an  unnecessary  operation  at  a  ven* 
critical  period,  to  mistake  perforation  for  hemorrhage  means  death. 
Blood  in  the  stools  is  not  conclusive,  since  the  two  conditions  may 
coexist.  A  reduction  in  the  number  of  red  cells  and  in  the  hemo- 
globin would  point  towards  hemorrhage,  leukocytosis  and  a  rise  in 
the  blood  pressure  towards  perforation.  Pneumoperitoneum,  if  pro- 
nounced, might  be  shown  by  the  X-ray.  Opium  should  be  withheld 
in  cases  of  hemorrhage  in  which  perforation  is  suspected,  because (rf 
the  danger  of  clouding  the  symptoms. 

The  treatment   is   immediate   operation.     Pain,    rigidity,  and 
tenderness  always  demand  exploration,  which  may  be  conducted 
under  local  anesthesia.     If  the  diagnosis  is  confirmed,  ether  should 
be  employed,  as  the  operation  can  be  performed  more  quickly, 
without  subjecting  the  patient  to  the  deleterious  effects  of  fright  and 
struggling.     If  shock  is  present  the  danger  of  delay  far  outweighs 
the  danger  of  a  rapid  operation.     The  incision  is  made  in  the  right 
iliac  region,  as  90  per. cent,  of  all  perforations  are  found  in  the  last 
twenty  or  thirty  inches  of  the  ileum  or  in  the  cecum  or  appendix.    If 
the  perforation  is  not  found  in  the  ileum  and  there  are  e\T[dences  of 
f)eritonitis,  the  sigmoid,  the  colon,  and  the  remaining  portion  of 
the  small  intestine  should  be  explored  in  the  order  mentioned.    The 
perforation  should  be  sutured  with  a  double  row  of  Lembert  sutures 
of  silk,  without  excising  the  ulcer.     A  large  perforation  may  be 
sutured  obliquely,   so  as  not  to  interfere  with  the  fecal  current 
Search  for  a  second  perforation  should  always  be  made,  as-  in  18 
per  cent,  of  the  cases  the  openings  are  multiple.     All  suspicious  spots 
should  be  treated  as  perforations.     In  some  cases  suture  is  impossible 
because  of  the  size  of  the  opening,  the  number  of  openings,  or  because 
of  gangrene  of  the  bowel.     Resection  in  these  cases  consumes  so 
much  time  that  surgeons  have  been  afraid  to  try  it.     Plugging  the 
hole  with  omentum,  or  suturing  the  omentum  over  the  perforation 
has  been  suggested,  and  isolation  of  the  affected  portion  of  bowdby 
gauze  packing  may  sometimes  be  used.     The  safest  plan  is  to  anchor 
the  intestinal  loop  outside  the  abdominal  cavity,  in  order  to  make  the 
isolation  more  complete;  this  will  also  relieve  the  distention  and 
permit   local    treatment  of  the  remaining  typhoid  ulcers.    After 
dealing  with  the  perforation,  the  treatment  is  that  of  the  diffuse 
peritonitis  (q.v.) .     The  author  has  operated  upon  forty  patients  with 
typhoidal  perforation  of  the  intestine;  fifteen  recovered. 

Tuberculosis  of  the  intestine  is  most  frequent  in  the  lower  ilcun 
and  in  the  cecum,  probably  because  the  slow  fecal  current  in  this 
region  permits  the  deposition  of  the  bacilli.    There  are  two  forn* 
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The  enter o- peritoneal  form  is  the  result  of  active  caseation.  There 
is  little  or  no  tendency  towards  healing,  hence  stricture  does  not 
occur.  A  subacute  abscess  forms  in  the  right  iliac  fossa  and  this 
may  finally  break  externally,  often  through  one  of  the  hernial  rings, 
and  eventuate  in  a  fecal  fistula.  Diarrhea  with  blood  and  mucus 
in  the  stools  is  caused  by  ulceration  of  the  mucosa,  and  phthisis  is 
frequently  preseilt.  The  hyperplastic  form  arises  when  the  repara- 
tive forces  are  in  excess.  The  tubercles  are  encased  in  dense  fibrous 
tissue,  which  converts  the  gut  into  a  thick,  rigid,  contracted  tube. 
The  mucous  membrane  is  ulcerated  and  the  lymph  glands  enlarged. 
The  s}rmptoms  are  those  of  chronic  obstruction,  with  a  hard,  movable, 
cylindrical  mass  in  the  right  iliac  fossa.  In  either  form  of  intestinal 
tuberculosis  the  bacilli  may  be  found  in  the  stools.  The  treatment 
is  excision.  When  this  is  impossible  the  affected  segment  may  be 
short  circuited  by  ileosigmoidostomy. 

Splanchnoptosis,  or  Glenard^s  disease,  is  a  displacement  down- 
wards of  the  abdominal  viscera,  and  includes  gastroptosis,  enteroptosis, 
hepatoptosis,  splenoptosis,  nephroptosis,  retrodisplacement  or  pro- 
lapse of  the  uterus,  and  sometimes  cardioptosis  owing  to  displacement 
of  the  diaphragm.  The  most  important  cause  is  relaxation  of  the 
abdominal  wall,  which  may  be  congenital,  or  the  result  of  trophic 
changes,  pregnancy,  ascites,  and  like  conditions.  Traumatism, 
corsets,  and  kyphosis  also  have  been  held  responsible  for  this  condition. 
It  is  much  more  common  in  women  than  in  men.  The  sjnnptoins 
are  usually  those  of  dyspepsia  and  neurasthenia,  although  they  vary 
according  to  the  organ  which  is  most  affected.  The  abdomen  is  flat 
above  and  prominent  below,  the  wall  flabby,  and  the  recti  often 
widely  separated.  The  displaced  organs  may  be  palpated,  or  out- 
lined by  percussion.  The  gastrointestinal  canal  is  often  narrowed 
at  its  most  fixed  points.  This  fact,  with  the  position  and  activity 
of  the  stomach  and  intestines,  can  be  determined  by  X-ray  examina- 
tion, after  the  administration  of  barium.  Stiller's  sign  is  abnormal 
mobility  of  the  tenth  rib.  The  treatment  is  the  application  of  an 
abdominal  support,  massage,  electricity,  tonics,  and  often  lavage 
of  the  stomach.  If  these  measures  fail,  the  fascia  between  the  recti 
may  be  excised  and  these  muscles  sutured  together,  in  order  to  lessen 
the  size  of  the  peritoneal  cavity  and  tighten  the  abdominal  wall. 
One  or  more  of  the  displaced  structures  may  be  fastened  in  place. 
In  enteroptosis  the  splenic  and  hepatic  flexures  of  the  colon  have 
been  fastened  to  the  abdominal  wall.  Operations  lor  the  fixation  of 
other  organs  are  mentioned  in  the  sections  treating  of  these  organs. 
WTien  intestinal  stasis  is  a  prominent  feature  Lane  performs  ileosig- 
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moidostomy  (end-to-side)  and,  if  there  has  been  much  pain,  resects 
the  colon  down  to  the  anastomosis. 

Intestinal  obstruction,  or  ileus,  may  be  true  (mechanic)  or  false 
(intestinal  paralysis) .  True  obstruction  may  be  classified,  from  an 
etiologic  standpoint,  as  shown  in  the  subjoined  table. 


I.  Bands  and  adhesions. 

2.  Apertures  (including  hernia) 

3.  Volvulus  (included  here  l)^ 

A. 

Compression 

cause  the  obstruction  is  due 

(rarely  traction), 

to  an  adjoining  segment  of 

from  causes  out- 

bowel). 

side  the  intestine 

4.  Extraintestinal  tumors  and 
viscera  other  than  the  intes- 

Causes of 

tine. 

intestinal 

I.  Congenital  strictures. 

obstruction  ,  B. 

Strictures,  from 

2.  Cicatricial  strictures. 

causes  in  the 

3.  Neoplastic  strictures. 

intestinal    wall 

4.  Spasmodic  strictures. 

C. 

Obturation, 

f  I.  Foreign  bodies. 

from  causes  in 

2.  Fecal  impaction. 

the  lumen  of  the 

3.  Polyps. 

intestine 

4.  Intussusception. 

The  conditions  enumerated  above  will  be  described  after  a 
general  consideration  of  the  subject  of  intestinal  obstruction. 

The  pathological  changes  in  the  bowel  above  the  obstruction  are 
dilatation,  congestion,  and,  if  the  obstruction  lasts  long  enough, 
hypertrophy  of  the  muscular  coat  and  ulceration  of  the  mucosa,  the 
last  of  which  may  lead  to  perforative  peritonitis,  abscess  formation, 
or  fecal  fistula.  Below  the  obstruction  the  gut  is  pale,  empty,  and 
contracted.  At  the  site  of  obstruction  in  the  first  three  conditions 
in  class  A  and  in  intussuception,  the  intestine  may  be  gangrenous 
from  strangulation  (see  '* Strangulated  Hernia'*  for  details);  in  class 
B  it  exhibits  simply  the  changes  incident  to  the  causative  lesion; 
and  in  class  C  it  may  be  ulcerated  from  the  pressure  of  the  obturating 
agent.  The  pressure  exerted  by  extraintestinal  tumors  and  viscera 
other  than  the  intestine  is  seldom  great  enough  to  produce  ulceration 
or  gangrene. 

Clinically  intestinal  obstruction  may  be  divided  into  three  {orms, 
the  acute,  the  subacute,  and  the  chronic.  Although  the  symptoms 
may  appear  suddenly  or  gradually  in  any  of  the  conditions  mentioned 
above,  acute  obstruction  is  usually  due  to  the  first  three  causes  in 
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class  A  or  to  the  last  in  class  B  and  C,  subacute  obstruction  to  the 
first  three  in  class  C,  and  chronic  obstruction  to  the  first  three  in 
class  B  or  the  last  in  Class  A. 

The  symptoms  of  acute  obstructioii,  in  which  the  lumen  of  the 
bowel  is  suddenly  and  completely  closed,  e.g.,  in  volvulus,  acute 
intussusception,  and  strangulation  by  bands,  adhesions,  or  apertures, 
are  (i)  those  of  shock,  (2)  those  due  solely  to  the  obstruction,  and 
(3)  those  of  acute  toxemia,  (i)  Shock  generally  indicates  strangula- 
tion, and  is  more  severe,  the  more  sudden  the  onset,  the  higher  the 
obstruction,  the  tighter  the  strangulation,  and  the  greater  the  amount 
of  bowel  involved.  The  shock  passes  after  a  time,  but  the  pulse 
remains  rapid,  and  the  temperature  does  not  rise  above  normal  until 
peritonitis  supervenes,  when  all  the  symptoms  of  this  affection  ensue. 

(2)  The  most  imp>ortant  symptoms  of  obstruction  p^r  se  are  pain, 
vomiting,  constipation,  increased  peristalsis,  and  tympanites.  The 
pain  is  sudden  in  onset,  due  to  the  strangulation;  severe  and  colicky, 
owing  to  the  violent  peristaltic  movements  of  the  intestine  above  the 
obstructed  point ;  usually  referred  to  the  neighborhood  of  the  umbilicus , 
rarely  to  the  site  of  the  lesion;  and  is  sometimes  relieved  by  but  is 
often  worse  after,  pressure,  also  after  taking  food,  purgatives,  or 
enemata.  General  abdominal  tenderness  and  rigidity  are  absent 
until  the  advent  of  peritonitis,  in  the  later  stages  of  which  pain  and 
peristalsis  are  no  longer  present.  Vomiting  of  the  contents  of  the 
stomach  occur  soon  after  the  onset  of  the  pain,  probably  as  the 
result  of  reflex  nervous  disturbances.  Later,  owing  to  the  obstruc- 
tion, the  material  becomes  bilious  and  finally  stercoraceous,  being 
regurgitated  without  eflfort.  This  regurgitant  or  gushing  vomiting 
is  characteristic,  and  occurs  earlier  and  is  more  severe,  the  nearer  the 
obstruction  is  to  the  stomach;  rarely,  in  obstruction  of  the  lower  colon 
it  may  be  absent.  As  the  result  of  the  excessive  loss  of  fluid  by 
vomiting  there  are  oliguria,  great  thirst,  and  sometimes  cramps  in 
the  legs.  Indicanuria  occurs  in  many  cases.  Constipation,  if  the 
bowel  below  the  occlusion  is  empty,  becomes  absolute,  not  even  gas 
being  expelled.  Notwithstanding  the  constipation  peristalsis  is 
increased,  and  may  be  felt,  heard  and  occasionally,  if  the  abdominal^ 
waH  is  very  thin,  seen;  as  a  rule,  however,  visible  peristalsis  indicates 
hypertrophy  of  the  muscular  coat  of  the  bowel,  hence  chronic  ob- 
struction, which,  it  must  be  noted,  generally  terminates  with  acute 
symptoms.  Tympanites  is  due  principally  to  bacterial  decomposi- 
tion of  the  contents  of  the  bowel  above  the  point  of  obstruction. 
The  lower  the  obstruction,  the  greater  the  distention  of  the  abdomen. 

(3)  Acute  toxemia  is  due  to  absorption  of  the  decomposing  intestinal 
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contents,  or  to  peritonitis  as  the  result  of  gangrene  or  perforation  of 
the  gut,  hence  represents  the  final  stage,  or  the  stage  of  collapse,  in 
which  the  symptoms  are  those  of  exaggerated  shock  (q.v.).  If 
unrelieved,  acute  obstruction  usually  causes  death  within  a  weet 
as  the  result  of  toxemia,  exhaustion,  or  interference  with  the  intra- 
thoracic organs  from  tympanites.  Although  rare,  spontaneous 
recovery  is  possible;  thus  a  fistula  may  connect  the  bowel  above aDd 
below  the  obstruction  or  empty  externally,  a  foreign  body  may  pass, 
a  kink  be  straightened,  or  the  invaginated  portion  of  an  intussuscep- 
tion may  slough  and  separate. 

The  diagnosis  is  seldom  difficult,  but  the  seat  and  cause  are  often 
undetermined  until  an  exploratory  incision  has  been  made.  In 
acute  gastrectasia  (q.v.)  intestinal  peristalses  is  not  exaggerated, 
the  stomach  is  dilated,  and  the  distension  subsides  after  gastric 
lavage.  Intestinal  paralysis  (q.v.)  differs  from  obstruction  in  thf 
absence  of  peristalsis,  and  the  presence  of  the  symptoms  of  the  causa- 
tive lesion,  both  before  and  after  the  onset  of  obstructive  symptoms; 
thus  in  peritonitis  there  will  be  fever,  rigidity,  leukocytosis,  etc. 
The  seat  of  obstruction  may  occasionally  be  located  by  the  palpation 
of  a  mass  through  the  rectum,  vagina,  or  abdominal  wall,  or  by  the 
situation  of  the  pain,  tenderness,  or  area  of  active  p>eristalsis.  The 
greater  the  distention,  the  later  the  vomiting  of  stercoraceous  Inat^ 
rial,  and  the  larger  the  amount  of  urine  excreted,  the  lower  in  the 
intestine  is  the  obstruction.  When  tympanites  is  absent  the  lesion 
is  in  the  upper  small  intestine;  when  confined  to  the  central  portion 
of  the  abdomen,  in  the  lower  ileum;  when  marked  in  the  right 
loin,  in  the  transverse  colon;  and  when  marked  in  both  loins,  in  the 
sigmoid  or  the  rectum.  Tenesmus  generally  indicates  a  lesion  of  the 
large  bowel.  Rectal  injections  of  air  or  water  for  the  purpose  of 
diagnosis  are  not  recommended.  It  is  said  that  if  six  quarts  of  water 
can  be  introduced,  the  obstruction  is  in  the  small  intestine;  if  but  a 
pint  or  quart,  in  the  rectum  or  sigmoid.  Aside  from  conditions 
that  may  cast  a  shadow  the  X-ray  may  indicate  the  site  of  the  les- 
ion by  revealing  the  extent  of  the  distended  gut  above  the  obstruction. 
The  cause  of  obstruction  may  be  an  external  hernia,  which  must  first 
be  excluded  in  all  cases;  if  such  be  found  and  be  irreducible,  it  should 
be  investigated  by  incision.  If  a  hernia  has  been  replaced  and  the 
symptoms  continue,  the  possibility  of  a  reduction  en  bloc,  i.e.  reduc- 
tion without  relief  of  strangulation,  should  be  recalled.  Excluding 
hernia  the  most  common  cause  of  intestinal  obstruction  is,  in  the 
new-born,  imperforate  anus;  in  infants,  intussusception  or  adhea(»^ 
due  to  tuberculous  peritonitis;  in  adults,  bands, -adhesions,  or  vd- 
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vulus;  in  old  age  carcinoma  of  the  bowel  or  fecal  impaction.  Severe 
collapse  indicates  a  tight  strangulation.  The  previous  history  should 
be  elicited  particularly  with  reference  to  biliary  colic,  chronic  consti- 
pation, peritonitis,  abdominal  operations,  tuberculosis,  syphilis, 
dysentery,  and  pelvic  disorders.  Th«  distinguishing  features  of  the 
various  forms  of  obstruction  are  noted  in  the  description  of  the 
individual  diseases  responsible  for  the  obstruction. 

The  treatment  is,  with  few  exceptions,abdominal  section.  While 
preparations  are  being  made  for  operation,  morphin  should  be  given 
hypodermatically  to  quiet  peristalsis,  the  stomach  emptied  by  lavage, 
and  the  rectum  evacuated  by  an  enema  unless  such  has  already  been 
done.  Purgatives  are  contraindicated.  In  the  absence  of  a  definite 
diagnosis  as  to  the  point  of  obstruction,  the  abdomen  should  be 
opened  in  the  median  line  below  the  umbilicus.  If  the  cecum  is  dis- 
tended, explore  the  sigmoid;  if  the  sigmoid  is  collapsed,  the  obstruc- 
tion is  in  the  large  bowel  between  it  and  the  cecum.  If  the  cecum 
is  collapsed,  it  will  be  necessary  to  follow  the  small  bowel  until 
the  obstruction  is  found.  Another  rule  is  to  select  the  most  dilated 
and  congested  coil  of  bowel  and  follow  it  in  the  direction  of  the  in- 
creasing congestion  and  distention.  In  the  most  urgent  cases  no 
attempt  should  be  made  to  find  the  seat  of  obstruction,  but  the 
abdomen  opened  under  local  anesthesia,  and  an  artificial  anus  estab- 
lished in  the  first  presenting  distended  coil  of  intestine.  Before  or 
after  dealing  with  the  obstruction,  particularly  in  later  cases  in  which 
peristalsis  is  feeble  or  absent,  the  great  distention  may  be  relieved 
by  incising  one  or  more  coils  of  intestine  and  allowing  the  contents  to 
escape,  subsequently  suturing  the  wounds.  The  obstruction  itself 
is  dealt  with  according  to  its  cause  (vide  infra). 

In  subacute  obstruction  the  symptoms  are  midway  in  intensity 
and  duration  between  those  of  acute  and  those  of  chronic  obstruc- 
tion. The  initial  shock  is  absent,  but,  in  most  instances,  the  ob- 
struction progresses  until  the  bowel  is  completely  occluded,  when  the 
symptoms  are  those  of  acute  obstruction. 

In  chronic  obstruction  the  gradualy  increasing  constipation  with 
abdominal  uneasiness  is  often  attributed  to  intestinal  indigestion. 
At  irregular  intervals  there  are  colicky  pain,  obstinate  constipation, 
abdominal  distention,  visible,  audible,  and  palpable  peristalsis,  and 
vomiting;  the  last,  however,  is  often  absent  in  stricture  of  the  colon 
until  the  obstruction  becomes  complete.  Purgatives  often  dislodge 
the  impacted  food  or  feces  responsible  for  the  transient  obstruction. 
Diarrhea  may  thus  alternate  with  constipation.  Finally  acute  and 
complete  obstruction  ensues.  The  treatment  is  described  with  the 
different  lesions. 
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Bands  and  adhesions  are  a  common  cause  of  intestinal  obstnir- 
tion.  Congenital  peritonea]  bands  are  sometimes  encountered, 
notably  in  the  region  of  the  duodenum.  Adhesions  result  from  acult 
or  chronic  peritonitis,  or  from  the  reparative  processes  follovriDg 
operation  and  injuries.  The>-  may  exist  in  any  portion  of  the  perit- 
oneal cavity,  but  are  most  frequent  in  the  four  corners  of  the  abdo- 
men and  in  the  pelvis,  from  lesions  of  the  appendix,  stomach  and 
duodenum  (especially  ulcer),  gall  bladder,  perisplenitis,  diver- 
ticulitis, and  inflammatory  affections  of  the  uterus,  tubes,  and 
ovaries.  These  adhesions  may  be  short  and  numerous,  binding 
adjacent  segments  of  bowel  in  a  V-,  N-  or  W-shape;  they  may  be 
broad  and  membranous,  and  spread  out  over  the  bowel  so  as  to 
interfere  with  its  peristaltic  action  or  to  compress  it  (see  pericolitis); 
or  they  may  be  moulded  into  bands,  the  bowel  being  kinked  by 
traction  (rare),  or  strangulated  by  passing  under  or  hanging  over  the 
band  or  by  sUpping  into  a  noose  formed 
by  the  band  (Fig.  424).  Opportunity 
for  intestinal  strangulation  may  be  pre- 
sented also  when  adhesions  fix  the  free 
end  of  a  pedunculated  tumor  or  cyst 
(usually  ovarian  or  uterine),  or  an 
abdominal  organ,  e.g.,  the  omentum, 
appendix,  appendices  epiploic^.  Fallo- 
pian tubes,  or  Meckel's  diverticulum. 
^"'ht^rt^Ti  o"a'ih"^or" ""  Symptoms  may  be  absent  even  with 
extensive  adhesions.  When  s>inptoms 
arise  thc\  \  ir\  from  the  mildest  form  of  chronic  constipation  to  the 
most  stAcrt  form  of  icute  obstruction.  The  latter  is  generally  due 
to  acutL  Ivinkmg  or  strangulation  of  a  coil  of  the  small  intestine, 
usually  the  lower  ileum.  Intestinal  obstruction  from  adhesions 
should  be  suspected  if  there  is  a  history  of  previous  peritonitis  ot 
of  an  abdominal  operation  or  injury. 

The  treatment  of  obstruction  due  to  limited  adhesions  is  separa- 
tion of  (he  in\'olved  coils  of  bowel,  and,  if  possible,  covering  of  the 
raw  surfaces  with  peritoneum.  When  the  intestines  are  extensiv'eh' 
and  intricately  matted  together,  e.g.,  in  tuberculous  peritonitis, 
an  anastomosis  may  be  made  between  the  bowel  above  and  the  bowel 
below.  If  there  is  strangulation  the  band  should  be  divided  between 
ligatures,  making  sure  that  such  band  is  not  a  Meckel's  diverticulum, 
which  should  be  exd.sed  in  the  same  way  as  the  appendix.  If  th« 
bowel  is  gangrenous  it  should  be  treated  as  described  under  strangu- 
lated hernia. 
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i^)ertures  are  responsible  for  all  forms  of  hernia  (q.v.).  Abnor- 
mal openings,  either  congenital  or  traumatic,  may  be  found  also  in 
the  omentum  and  mesentery. 

Votvuhis,  or  torsion  of  the  intestine,  is  most  common  in  the 
sigmoid  flexure,  then  in  the  small  intestine,  then  in  the  cecum  and 
ascending  colon.  The  bowel  may  be  twisted  on  its  mesenteric  axis, 
the  usual  variety  (Fig.  425),  on  its  own  axis,  or  two  coils  of  intestine 
may  be  twisted  together.  When  the  twist  is  tight  the  circulation  is 
suppressed  and  gangrene  follows. 

Vohrutus  of  the  sigmoid  flexure  is  most  frequent  in  constipated 
men  between  forty  and  sixty.  The  sigmoid  is  normally  predisposed 
to  twisting,  in  that  it  forms  a  long  loop  whose  origin  and  termination 
are  closely  approximated,  and  this  predisposition  is  accentuated 
when  the  loop  is  elongated  by  habitual  overdistention,  or  when  its 
limbs  are  drawn  together  at  their  bases  by  cicatricial  contraction  of 
the  mesentery.  As  a  rule  the  proximal  limb 
falls  down  over  the  distal  in  consequence  of 
straining  to  empty  the  bowel,  stooping  to  lift  a 
weight,  or  similar  efforts  involving  a  change  in 
position  and  muscular  exertion,  and  the  twisting 
thus  induced  may  continue  for  two  or  even  three 
complete  turns. 

The  symptoms  usually  appear  very  suddenly, 
although  the  initial  shock  may  be  less  severe  than  Fig.  425.— Volvulus 
in  most  other  forms  of  acute  obstruction.  The  l,ttion"o1"ke  K 
distinguishing  features  aside  from  the  age  of  the  and  of  the  bowel  above 

-.   ^«      ^  1  ^i_      v»  ^  f     1.         •  .L«       X-  the  obstruction. 

patient  and  the  history  of  chronic  constipation, 
are  late  vomiting;  extreme  distention  of  the  abdomen;  a  rounded 
tympanitic  tumor  in  the  left  iliac  fossa;  and  often  tenesmus,  with- 
out, however  the  passage  of.  anything  from  the  rectum.  Death 
generally  occurs  within  two  or  three  days,  from  peritonitis  or  pressure 
on  the  diaphragm.  In  rare  instances  a  partial  twist  may  straighten 
out,  only  to  recur  at  irregular  intervals  {chronic  or  intermittent  volvulus) . 

Vohrulus  of  flie  small  intestine  may  affect  one  coil  or  the  entire 
ileum,  the  twist  usually  being  from  left  to  right.  Vomiting  occurs 
early,  and  sometimes  the  rounded  tympanitic  tumor  can  be  felt  in  the 
region  of  the  umbilicus. 

Vohrutus  of  flie  cecum  or  ascending  colon  may  occur  as  the  result 
of  congenital  malposition,  or  when  these  structures  possess  a  long 
mesentery.  The  symptoms  are  not  so  severe  as  in  sigmoid  volvulus, 
and  the  rounded  t)anpanitic  tumor  may  be  found  in  the  right  iliac 
fossa. 
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The  treatment  of  volvulus  is  to  untwist  the  loop  of  intestine. 
In  some  cases  it  may  be  necessary  to  evacuate  the  affected  coil  of 
bowel  by  puncture  before  this  can  be  accomplished,  the  puncture 
being  subsequently  closed  with  a  purse-string  suture.  If  the  gut  is 
viable  it  may  be  replaced  in  the  abdomen.  Shortening  of  the  mesen- 
tery or  fixation  of  the  bowel  to  the  abdominal  wall  has  been  suggested 
to  prevent  recurrence,  but,  in  the  sigmoid  at  least,  return  of  the 
trouble  can.be  surely  averted  only  by  resection  of  the  affected  loop. 
If  the  bowel  is  gangrenous  it  must  be  resected,  or  if  the  patient's 
condition  forbids  this,  brought  out  of  the  abdominal  wound  and  an 
artificial  anus  established.     Chronic  volvulus  is  treated  by  resection. 

Extraintestinal  tumorSi  cysts,  and  abscesses  may  compress  the 
bowel,  as  may  also  viscera  other  than  the  intestine,  e.g.,  a  pregnant 
or  retroeverted  uterus,  a  floating  kidney  or  spleen.  Compression  by 
the  superior  mesenteric  vessels  is  described  under  "Acute  Dilatation 
of  the  Stomach/'  The  rectum  or  the  sigmoid  is  affected  in  over 
half  of  the  cases,  not  only  because  of  the  frequency  of  pelvic  tumors, 
but  also  because  a  tumor  in  this  region  cannot  expand  without 
encroaching  on  the  bowel,  owing  to  the  unyielding  nature  of  the 
pelvic  ring.  The  possibility  of  obstruction  from  the  pressure  of  a 
gauze  pack  or  a  drainage  tube  should  be  kept  in  mind.  The  sym^ 
toms  may  be  acute  or  chronic,  usually  the  latter.  The  treatment 
is  that  of  the  causative  lesion. 

Stricture  of  the  intestine  may  be  congenital  (see  congenital 
stenosis  of  the  intestine)  or  acquired  (cicatricial,  neoplastic,  spas- 
modic). 

Cicatricial  stricture  is  caused  by  the  repair  of  ulcers  due  to  tuber- 
culosis, syphilis,  dysentery,  pressure  (e.g.,  from  foreign  bodies,  con- 
striction in  strangulated  hernia),  rarely  typhoid,  as  the  ulcers  in  this 
disease  are  longitudinal;  by  the  repair  of  wounds  due  to  partial  rup- 
ture from  contusion,  or  due  to  extensive  lacerations,  perforations,  or 
intestinal  anastomosis,  especially  when  too  much  bowel  is  inverted  by 
the  surgeon;  and  by  the  repair  of  areas  of  inflammation,  e.g.,  due  to 
diverticulitis  or  pelvic  cellulitis.  Cicatricial  stricture  of  the  small 
intestine  is  usually  caused  by  tuberculosis,  that  of  the  colon  by  dysen- 
tery, that  of  the  rectum  by  syphilis  or  pelvic  cellulitis  (see  **  Rec- 
tum ^0- 

Neoplastic  stricture,  in  95  per  cent,  of  the  cases,  is  due  to  car- 
cinoma of  the  colon,  which  affects  the  different  parts  in  the  following 
order  of  frequency:  sigmoid,  cecum,  ascending  colon,  transverse 
colon,  splenic  flexure,  hepatic  flexure,  descending  colon.  This  C0B^ 
putation  does  not  include  carcinoma  of  the  rectum,  which  is  dawii 
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with  the  diseases  of  the  rectum.  Carcinoma  of  the  colon  is  cylin- 
drical-celled,  and  may  project  into  the  lumen  of  the  bowel  like  a 
cauliflower,  or,  more  frequently,  spread  around  the.  lumen  and  pro- 
duce an  annular  stricture.  It  infiltrates  contiguous  coils  of  bowel  or 
other  viscera,  and  sometimes  ulcerates  into  them,  forming  an  internal 
fistula.  In  the  later  stages  the  growth  may  diffuse  itself  over  the 
peritoneal  cavity  (see  "Malignant  Disease  of  the  Peritoneum'') 
or  metastasize  to  the  liver,  lymph  glands,  or  lungs.  Metastasis, 
however,  is  often  postponed  for  a  much  longer  period  than  in  car- 
cinoma elsewhere.  Carcinoma  of  the  small  intestine  is  rare,  and 
usually  involves  the  duodenum  or  the  lower  ileum.  Sarcoma  is 
still  less  frequent,  both  in  the  small  and  in  the  large  bowel,  but 
occurs  more  often  in  the  former  than  in  the  latter,  and  is  more 
often  secondary  than  primary,  the  intestinal  mucosa  being  a  favorite 
site  for  metastases  in  lymphosarcoma  and  melanosarcoma.  Mention 
should  be  made  also  of  leukemic  tumors,  which  occur  in  leukemia  and 
(pseudoleukemia,  and  which,  although  not  producing  obstruction, 
may.  because  of  ulceration  and  hemorrhage,  lead  to  an  erroneous 
diagnosis.  Benign  tumors  are  generally  polypoid  in  nature,  and 
cause  obturation,  hence,  following  the  classification  we  have  adopted, 
will  be  described  alter  foreign  bodies  and  fecal  impaction. 

The  sympt<mis  of  cicatricial  and  malignant  stricture  are  at  first 
those  of  chronic  obstruction,  and  a  tumor  of  the  intestine  is  seldom 
suspected  unless  it  interferes  with  the  fecal  current.  Owing  to  the 
liquid  character  of  the  contents  of  the  small  bowel,  its  lumen  may 
suffer  almost  total  obliteration  before  the  onset  of  obstructive 
symptoms.  In  stricture  of  the  lower  colon  the  stook  may  be  de- 
formed or  diminished  in  caliber,  and  sometimes  the  stricture  can  be 
seen  with  the  sigmoidoscope.  After  giving  barium  by  mouth  or 
rectum  the  stricture  may  show  in  a  skiagram;  with  the  fluoroscope 
the  progress  of  the  barium  along  the  intestine  can  be  kept  under 
continuous  observation.  In  cicatricial  stricture  the  small  bowel  is 
more  often  involved  (60  per  cent.),  and  a  history  of  one  of  the  causes 
mentioned  above  may  be  obtained.  In  carcinoma  blood,  mucus,  and 
occasionally  fragments  of  the  growth  may  be  found  in  the  stools;  the 
tumor  can  be  felt  in  40  per  cent,  of  the  cases;  the  patient  is  usually 
over  40,  but  it  should  be  recalled  that  before  30  carcinoma  is  more 
frequent  in  the  colon  than  in  other  situations,  and  that  cachexia  is 
often  absent  until  the  growth  diffuses  itself  over  the  abdominal 
cavity.  Sarcoma  of  the  lymphatic  variety  may  extend  in  a  longi- 
tudinal direction  instead  of  around  the  bowel,  and  produce  dilatation 
rather  than  stricture,  hence  the  disease  occasionally  progresses  to  a 


748  MANUAL   OF   SURGERY 

fatal  termination  without  causing  obstruction,  esi>ecially  in  the  smaD 
intestine,  whose  contents  are  liquid.  Because  it  is  spread  out  along 
a  dilated  segment  of  intestine,  the  tumor  sometimes  exhibits  peristal- 
tic movements  and  may  crepitate  on  pressure.  As  many  of  these 
growths  are  metastatic  one  should  search  carefully  for  a  primai}' 
tumor  in  other  parts  of  the  body  before  deciding  on  operation. 

The  treatment  of  the  forms  of  stricture  mentioned  above  is 
enterectomy,  with,  if  the  disease  be  malignant,  a  V-shaped  portion  of 
the  mesentery  and  the  lymph  glands.  In  urgent  cases  an  artificial 
anus  should  be  established  and  the  resection  performed  at  a  later  date 
(see  ^Xolectomy").  When  the  growth  is  irremovable  the  intestine 
above  and  below  may  be  united  by  lateral  anastomosis,  or  the  affected 
segment  side-tracked  as  described  imder  "Intestinal  Exclusion." 

Spasmodic  stricture  {enterospastn,  dynamic  obstruction)  is  due  to 
tetanic  contraction  of  a  segment  of  intestine.  It  may  be  caused  by 
lead  poisoning,  irritating  intestinal  contents,  hysteria  (see  **  Phantom 
Tumor") I  and  trauma,  hence  occasionally  follows  abdominal  opera- 
tions. It  is  the  first  step  in  the  development  of  many  cases  of 
intussusception.  The  symptoms  may  be  those  of  acute  or  subacute 
obstruction;  sometimes  the  contracted  segment  of  bowel  can  be 
be  felt.  The  treatment  is  directed  to  the  cause;  heat  to  the  abdomen 
and  large  doses  of  atropin  are  of  value  in  relaxing  the  spasm. 

Foreign  bodies,  including  gall-stones  and  enteroliths,  rarely  cause 
obstruction.  Foreign  bodies  may  be  swallowed  accidentally,  e.g., 
artificial  teeth,  or  intentionally  by  children,  lunatics,  hysterical 
women,  and  showmen.  The  body  may  lodge  in  the  esophagus, 
stomach  (see  *' Esophagus  and  Stomach"),  or  intestine,  and  cause 
obstruction  or  perforation,  but,  as  a  rule,  if  it  passes  through  the 
esophagus  the  rest  of  its  journey  along  the  alimentary  canal  is 
uneventful.  Foreign  bodies  that  have  been  left  in  the  peritoneal 
cavity,  e.g.,  forceps,  sponges,  etc.,  may  ulcerate  into  the  bowel. 
Enormous  snarls  of  intestinal  worms  sometimes  form  in  and  occlude 
the  intestine.  Gall-stones  of  sufficient  size  to  produce  obstruction 
must  enter  the  intestinal  tract,  usually  the  duodenum,  by  ulceration. 
Stones  even  of  large  size  passing  directly  into  the  hepatic  flexure 
rarely  block  the  colon.  EnterolitJis  (intestinal  concretions)  arc 
composed  of  phosphate  of  lime  and  hardened  feces,  often  with  some 
indigestible  material  as  a  nucleus;  of  masses  of  vegetable  residue, 
e.g.,  oatmeal  husks,  with  calcareous  salts  (avenoliths) ;  or  of  medicinal 
substances,  e.g.,  bismuth,  magnesia,  salol. 

The  symptoms  of  obstruction  from  foreign  bodies  are  generally  of 
a  subacute  nature.    The  diagnosis  may  be  possible  if  a  clear  histoiy 
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is  obtained,  if  the  foreign  body  can  be  felt,  and  if  it  can  be  seen  with 
the  X-ray.  The  seat  of  impaction  is  usually  the  lower  ileum,  since 
this  is  the  narrowest  portion  of  the  bowel.  Gall-stone  ileus  seldom 
occurs  before  fifty. 

The  treatment  is  removal  of  the  foreign  body  by  enterotomy, 
after  displacing  it  upwards  to  a  more  healthy  p)ortion  of  the  bowel. 
If  the  bowel  is  gangrenous  or  badly  ulcerated  it  should  be  resected 
or  isolated  extraperitoneally. 

Fecal  inqiaction  is  most  common  in  old  ladies  with  chronic  con- 
stipation. The  masses  may  be  semisolid  or  as  hard  as  stone,  are 
generally  coated  with  mucus,  and  often  produce  ulcers  by  pressure 
{stercoral  ulcers),  which  ulcers  occasionally  perforate.  Fecal  impac- 
tion is  most  frequent  in  the  sigmoid  and  rectum,  but  in  some  cases  the 
mass  fills  the  entire  colon,  which  is  dilated,  elongated,  hypertrophied, 
and  prolapsed. 

The  symptoms  are  those  of  chronic  constipation  merging  into 
chronic  and  finally  into  subacute  obstruction.  The  fecal  masses  can 
be  felt  along  the  course  of  the  colon  or  in  the  rectum,  sometimes 
moved  from  one  portion  of  the  bowel  to  another,  and  can  be  seen  on 
X-ray  examination.  Pitting  on  pressure,  a  characteristic  sign  of 
ordinary  feces  in  the  colon,  is  often  absent.  The  stercoral  ulcers 
may  betray  themselves  by  fever,  tenderness  on  pressure,  and  a  muco- 
purulent sanious  discharge  from  the  rectum.  The  last  is  often 
associated  with  tenesmus. 

The  treatment  is  copious  enemata,  massage,  and  laxatives. 
^Tien  situated  in  the  rectum  the  mass  may  be  broken  up  with  the 
finger.  Purgatives  and  massage  are  contraindicated  if  the  bowel  is 
inflamed.  The  prognosis  is  good,  although  death  may  occur  from 
associated  diseases,  toxemia,  or  perforation. 

Benign  intestinal  tuners  (fibroma,  myxoma,  lipoma,  adenoma) 
usually  project  into  the  lumen  of  the  gut  as  polyps,  are  often  multiple, 
and  seldom  cause  obstruction  unless  there  is  a  kink  in  the  bowel  or 
unless  they  induce  an  intussusception.  If  the  polyps  ulcerate, 
bloody  mucus,  and  pus  may  appear  in  the  stools.  Tenesmus  occurs 
when  the  growths  are  in  the  lower  bowel,  in  which  situation  they  may 
be  detected  with  the  finger  or  the  sigmoidoscope,  and  from  which 
situation  they  can  be  removed  through  the  anus  (see  **  Polypus 
Recti*')-  Isolated  polypi  causing  obstruction  and  not  accessible 
through  the  anus  must  be  excised  after  enterotomy.  Multiple 
adenomata  of  the  colon  generally  occur  in  young  adults  and  show  a 
decided  tendency  to  malignant  degeneration;  the  only  remedy  for 
this  condition  is  excision  of  the  colon. 
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Intussusception  is  the  telescoping  of  one  part  of  the  intestine  into 
the  segment  below.  The  swallowed  portion  is  called  the  »»i(kjjiii- 
ceptum.  the  swallowing  segment  the  tntussuscipiens  (Fig.  426).  The 
cause  is  irregular  peristalsis,  sometimes  induced  by  worms,  diarrfata, 
pol>'poid  tumors,  or  other  form  of  irritation.  The  author  has  had 
two  cases  of  traumatic  origin.  As  the  peritoneal  surfaces  of  the 
entering  and  returning  layers  of  the  intussusceptum  tend  to  adhm. 
and  the  mucous  surface  of  the  returning  layer  readily  slips  over  the 
mucous  surface  of  the  intussuscipiens,  the  intussusception  elongates 
at  the  expense  of  the  intussuscipiens  and  the  apex  is  always  repre- 
sented by  the  same  piece  of  bowel.  The  intussusception  is 
straight  as  in  the  diagram,  but  curved  like  a  sausage,  with  the  apei 
directed  towards  the  mesenteric  border.  This  crescentic  a^^a])g^ 
ment  is  due  to  the  unyielding  nature  of  the  mesentery.  The  mesen- 
tery is  drawn  down  between  the  layers  of  the  intussusceptum,  hence 


is  stretched,  bunched,  and  constricted.  The  circulation  is  further 
impeded  by  inflammatory  exudation,  and  this  leads  to  desquamation 
of  the  mucous  membrane  (hence  blood  and  shreds  in  the  stools),  and 
finally  to  strangulation  and  gangrene.  Intussusception  is  respon- 
sible for  39  per  cent,  of  the  cases  of  intestinal  obstruction.  The 
anatomical  varieties,  in  the  order  of  their  frequency,  are  the  Ueocecd 
(44  per  cent),  in  which  the  ileocecal  valve  and  ileum  pass  into  tht 
colon,  the  enteric  (30  per  cent.),  usually  involving  the  jejunum,  the 
colic  (18  per  cent,),  involving  the  colon  alone,  and  the  iUociAic  (8 
per  cent.),  in  which  the  ileum  passes  through  the  ileocecal  valve. 
Multiple  retrograde  intussusceptions  sometimes  occur  in  the  dying, 
probably  from  rigor  mortis.  Double  intussusception,  in  which  u 
intussusception  slips  into  the  gut  below,  and  triple  intussusceptiM, 
in  which  a  double  intussusception  slips  into  the  gut  below,  «e 
extremely  rare. 
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Clinically  two  forms  must  be  distinguished ,  the  acute,  which  is 
the  usual  variety,  and  the  chronic. 

The  symptoms  of  acute  intussusception  are  often  so  typical 
that  no  difficulty  is  experienced  in  distinguishing  the  condition 
from  other  forms  of  acute  obstruction.  Acute  intussusception  is 
most  frequent  in  male  infants  and  sometimes  follows  a  straining 
diarrhea.  Distension  is  not  so  marked  and  stercoraceous  vomiting 
not  so  common  as  in  most  other  forms  of  acute  obstruction.  Tenes- 
mus, with  the  passage  of  small  quantities  of  blood  and  mucus,  is 
more  severe  and  frequent  the  nearer  the  intussusception  is  to  the 
anus,  the  passages  becoming  particularly  offensive  when  the  intussus- 
ceptum  sloughs.  The  sausage-shaped  tumor,  concave  towards  the 
umbilicus,  can  often  be  felt  in  the  course  of  the  transverse  or  the 
descending  colon.  The  tumor  becomes  harder  and  more  prominent 
with  each  recurrence  of  thegripingpain,  and  progresses  slowly  towards 
the  anus,  which  may  be  relaxed,  and  through  which  the  apex  of  the 
intussusceptum,  feeling  like  a  soft  os  uteri,  may  be  palpated.  The 
right  iliac  fossa  may  feel  empty,  the  bowel  in  this  region  having 
passed  along  the  colon.  Without  treatment  death  usually  takes 
place  in  from  one  to  eight  days. 

The  symptoms  of  chronic  intussusception  are  not  so  typical  as 
those  of  the  acute  variety.  The  condition  is  most  common  in  men 
between  twenty  and  forty,  is  often  due  to  the  dragging  of  a  polyp, 
and  may  last  for  a  number  of  months  or  even  a  year.  There  are 
attacks  of  pain,  vomiting,  and  diarrhea,  often  with  tenesmus  and  the 
passage  of  blood  and  mucus.  The  tumor  can  be  felt  through  the 
abdomen  in  half  of  the  cases,  and  by  rectum  in  one- third;  sometimes 
it  disappears  between  the  attacks.  Visible  peristalis  and  other 
signs  of  chronic  obstruction  are  in  evidence.  Death  occurs  in  about 
95  per  cent,  of  the  cases,  from  acute  obstruction,  peritonitis,  or 
hemorrhage.  In  about  one-fourth  of  the  cases  the  intussusceptum 
sloughs  and  is  passed  by  the  bowel,  but  only  a  very  few  of  these 
terminate  in  recovery. 

The  treatment  of  acute  intussusception  by  the  administration  of 
opium  and  belladonna,  and  the  injection  of  air  or  water  into  the 
rectum  should  be  discarded.  It  wastes  valuable  time,  is  uncertain, 
necessitates  anesthesia,  and  may  rupture  the  bowel,  hence  is  more 
dangerous  than  laparotomy.  The  abdomen  should  be  opened,  as 
early  as  possible,  in  the  median  line,  and  the  intussusception  reduced, 
not  by  traction,  which  may  tear  the  bowel,  but  by  milking  or  pressing 
the  intussusceptum  upwards.  It  has  been  suggested,  in  order  to 
prevent  recurrence,  to  shorten  the   mesentery  or  suture  it  to  the 
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ascending  mesocolon,  or  to  fix  the  bowel  to  the  abdominal  wall 
When  reduction  is  impossible,  i.e.,  in  half  of  the  cases,  and  in  almost 
all  of  the  cases  after  the  second  or  the  third  day,  the  procedure  to  be 
adopted  depends  on  the  condition  of  the  bowel  and  of  the  patient 
When  the  intussusceptum  is  gangrenous  it  must  be  resected  (see 
'^Maunsell's  MethQd*')^  the  ends  of  the  bowel  being  anastomosed  if 
the  general  condition  of  the  patient  is  good,  or  sutured  in  the  wound, 
thus  forming  an  artificial  anus,  if,  as  is  usual,  the  condition  of  the 
patient  is  poor.     Resection  of  the  entire  intussusception  is  indicated 
only  when  the  intussuscipiens  is  gangrenous.     When  the  bowel  is 
irreducible  and  in  good  condition  a  lateral  anastomosis  may  be  made 
between  the  intestine  above  and  below  the  intussusception.       In 
children  the  mortality  is  between  30  and  40  per  cent,  when  reduction 
is  easy,  and  over  90  per  cent,  when  reduction  is  impossible.    In 
chronic  intussusception  in  adults  the  best  treatment,  as  a  rule,  is 
resection,  whether  the  intussusception  is  reducible  or  not,  because  the 
condition  is  often  caused  by  a  tumor  actually  or  potentially  malignant 
The  mortality  in  these  cases  is  not  so  high  as  in  acute  intussusception. 
Intestinal  paralysis,  adynamic  ileus,  or  pseudoobstruction,  may 
occur  with  or  without  gastric  paralysis  (see  "Acute  Dilatation  of  the 
Stomach") ;  in  the  former  event  the  term  gastrointestinal  paralyasis 
applicable.     Intestinal  paralysis  may  be  mechanical,  reflex,  or  toxic 
in  origin,  but  in  most  instances  two  of  these  factors  are  present.    It 
is  most  frequently  caused  by  peritonitis,  but  occurs  also  in  enteritis, 
acute  pancreatitis,  thrombosis  or  embolism  of  the  mesenteric  vessels, 
biliary  and  renal  colic,  strangulation  of  the  omentum,  diseases  of  the 
bladder,  prostate,  and  seminal  vesicles,  diseases  and  injuries  of  the 
testicle,  ovary,  and  central  nervous  system,  and  as  a  terminal  event 
in  other  maladies,  particularly  those  accompanied  by  delirium  or 
coma.     Fracture  of  the  spine,  uremia,  and  pneumonia  should  receive 
special  mention.     That  form  occurring  after  abdominal  section,  not 
due  to  peritonitis,  is  caused  by  the  sudden  relief  of  chronic  pressure 
(e.g.,  the  removal  of  a  large  tumor)  or  by  undue  handling  of  the 
intestines.     The  symptoms  are  almost  identical  with  those  of  acute 
obstruction.     There  may,  however,  be  evidences  of  the  causative 
lesion,  and  peristalsis  is  absent.     In  intestinal  obstruction  increased 
peristalsis  is  a  cardinal  sign  which  is  absent  only  in  the  final  stage, 
when  paralysis  ensues.     Rectal  ballooning,  which  is  sometimes  de- 
scribed as  a  sign  of  appendicitis,  obstruction  of  the  bowel,  etc.,  is 
really  an  indication  of  intestinal  paralysis  from  any  cause.    The 
treatment  is  that  of  the  cause.     In  addition  the  stomach  may  be 
washed  out,  a  tube  passed  into  the  colon,  enemata  administered,  aod 
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Strychnin,  eserin,  pituitarin,  atropin  given  hypodermatically.  Intes- 
tinal paralysis  of  severe  degree  is  generally  fatal.  An  artificial  anus 
may  be  established,  but  usually  does  not  drain  more  than  the  coil 
in  which  it  is  made. 

OPERATIONS  ON  THE  INTESTINES 

Intestinal  Localizatioii. — The  large  intestine  is  differentiated  from 
the  small  intestine  by  its  mesenteric  attachment,  greater  size,  longi- 
tudinal bands,  sacculations,  and  by  its  appendices  epiploicae.  The 
method  for  finding  the  upper  end  of  the  jejunum  is  given  under 
"Gastroenterostomy."  In  order  to  determine  the  situation  and 
direction  of  a  loop  of  intestine,  the  following  facts,  according  to 
Monks,  are  of  great  value:  The  average  length  of  the  small  intestine 
is  twenty-one  feet.  The  upper  third  occupies  the  left  hypochon- 
drium  (duodenum  excluded) ;  the  middle  third,  the  middle  section  of 
the  abdomen;  the  lower  third,  the  pelvic  and  right  iliac  regions.  The 
intestine,  from  above  downwards,  decreases  in  size  and  thickness, 
becomes  less  opaque,  has  smaller  vessels,  which  are  nearer  together, 
and  changes  in  color  from  bright  pink  or  red  to  pinkish  or  yellowish 
gray.  In  the  upper  jejunum  large  and  numerous  valvulae  conni- 
ventes  may  be  felt,  but  are  imperceptible  beyond  the  fourteenth  to 
the  sixteenth  foot.  The  fixation  of  the  two  ends  of  the  intestine 
may  be  palpated;  and  the  consistency  of  the  contents  increases  from 
above  downwards.  The  mesentery  is  thin  and  transparent  at  the 
upper  part,  thick  and  opaque  in  the  lower  third.  The  lunettes  between 
the  vessels  can  be  seen  in  the  upper  eight  feet  or  more,  but  not  in  the 
lower  third.  Tabs  of  fat  extending  onto  the  intestine  begin  to 
appear  at  about  the  fourteenth  foot  and  become  more  and  more 
prominent.  In  the  upper  third  the  mesenteric  vessels  are  large  and 
far  apart,  form  primary  loops  as  far  as  the  fourth  foot  when  second- 
ary loops  appear,  and  give  off  long,  regular,  unbranching  vasa  recta 
to  the  intestine.  In  the  lower  third  the  mesenteric  vessels  are  small 
and  close  together,  have  many  loops  often  obscured  by  fat,  and  give 
off  small,  short,  and  irregular  vasa  recta.  The  root  of  the  mesentery 
is  to  the  left  of  the  median  line  above,  to  the  right  below.  If  a  loop 
of  bowel  is  placed  parallel  with  the  root  of  the  mesentery,  the  upper 
end  will  be  nearer  the  duodenum,  providing  there  is  no  twist  in  the 
mesentery. 

Enterotomy  signifies  an  incision  into  the  intestine  for  the  purpose 
of  removing  a  foreign  body  or  for  exploration.  After  guarding 
against  fecal  extravasation   (see  "Enterectomy"')   a  longitudinal 
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incision  is  made  opposite  the  mesentery,  and  the  wound  closed  by 
enterorrhaphy. 

Enterorrhaphy,  or  suture  of  the  intestine,  is  performed  with  at 
least  two  rows  of  sutures.  The  inner  row  should  be  of  catgut,  and 
perforate  all  the  coats  of  the  bowet  in  order  to  secure  firm  apposition 
and  control  bleeding.  The  suture  may  be  interrupted  or  continuous, 
over  and  over  or  mattress,  tied  externally  or  within  the  bowel.  In 
enterorrhaphy  a  long  continuous  suture  of  any  variety  should,  to 
prevent  puckering,  be  knotted  or  locked  at  inter\'als.  The  out« 
row  is  of  fine  silk  or  celluloid  thread,  introduced  with  a  fine  straight 
round  needle.  It  is  essential  that  the  wound  be  air-tight,  and  that 
the  edges  be  inverted  so  that  serous  membrane  shall  come  in  contact 
with  serous  membrane.     The  Lembert  suture  is  placed  at  right 
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angles  to  the  wound.  The  needle  is  inserted  about  one-fourth  inch 
from  the  edge  of  the  wound,  goes  down  to  and  through  the  submucous 
coat  but  not  through  the  mucous  membrane,  is  brought  out  one- 
eighth  inch  from  the  edge  of  the  wound,  and  in  a  similar  manner  on 
the  opposite  side,  so  that  when  tied  the  edges  of  the  wound 
arc  inverted.  The  stitches  are  about  one-eighth  of  an  inch  apart. 
All  other  seroserous  sutures  arc  inserted  with  the  precautions  used 
in  employing  the  Lembert  suture.     (Fig.  427-3.) 

Enterostomy  is  the  making  of  an  opening  into  the  intestine  in 
order  to  feed  a  patient  or  to  drain  away  the  contents  of  the  intestine 
{artificial  anus) ;  according  to  the  situation  of  the  opening  the  (^)et«- 
tion  is  called  duoden ostomy,  jejunostomy,  ileostomy,  or  colostomy. 

Duodenostomy  or  jejunostomy  is  occasionally  performed  to 
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feed  the  patient  in  gastric  ulcer  or  cancer,  when  a  ga<iroeniero>iomy 
is  inapplicable:  only  jejunostomy  could  be  employed  if  the  ulcer  or 
growth  were  in  the  duodenum  or  the  upper  jejunum.  As  the  idea  is 
to  introduce  food  and  prevent  the  escape  of  intestinal  contents,  the 
principles  used  in  the  Witzel  or  the  Stamm-Kader  gastrostomy 
should  be  employed.  Complete  dixision  of  the  bowel,  with  suture 
of  the  uppxer  end  of  the  lower  segment  to  the  skin,  and  anastomosis 
of  the  upper  segment  with  the  side  of  the  lower  segment  is  a  much 
more  serious  operation  and  is  ver>'  rarely  indicated. 

Ileostomy  may  be  demanded  in  cases  of  intestinal  obstruction. 
above  the  ileocecal  valve,  in  which  the  patient's  condition  is  so  bad 
that  search  for  or  removal  of  the  cause  of  the  obstruction  is  contrain- 
dicated.  The  operation  is  i>erformed  in  the  same  manner  as  colos- 
tomy. If  the  patient  surxives,  the  obstructing  lesion  and  the  artifi- 
cial anus  are  removed  at  a  second  ojxeration,  or  the  obstruction  alone 
is  dealt  with  at  the  second  operation  and  the  continuity  of  the  ileum 
restored  at  a  third  operation.  Closure  of  the  artificial  anus,  how- 
ever, must  not  be  delayed  longer  than  is  absolutely  necessary,  be- 
cause of  its  interference  with  nutrition,  which  is  more  marked  the 
higher  the  oi>ening,  and  because  of  the  digestive  effect  of  the  intestinal 
juices  on  the  skin. 

Colostomyi  or  colotomy,  as  it  is  sometimes  called,  is  commonly 
employed  for  the  relief  of  obstruction,  and  occasionally  for  the  pur- 
pose of  giving  the  large  bowel  rest  and  alowing  irrigation  in  cases  of 
chronic  dysentery  or  other  severe  ulcerative  lesions.  Irrigation  oi 
the  colon,  without  diversion  of  the  fecal  current,  is  best  performed 
through  the  appendix  (see  "Appendicostomy-'),  or  when  this  is  not 
possible,  because  of  stricture  of  the  appendix,  through  a  vah'ular 
opening  in  the  cecum  {cecostomy)  ^  which  is  made  in  the  same  way  as 
the  Stanmi-Kader  gastrostomy,  but  which  in  this  region  is  called 
Cibson^s  operation.  In  order  to  interfere  as  little  as  possible  with 
nutrition,  an  artificial  anus  should  be  made  as  low  in  the  colon  as 
the  condition  for  which  it  is  done  permits.  Hence  when  sigmoidos- 
iomy  is  contraindicated,  because  of  obstruction  in  the  descending 
colon^  the  opening  should  be  made  in  the  transverse  colon,  and  not, 
as  is  customary,  in  the  cecum  or  the  ascending  colon.  Transvcrsos- 
tomy,  in  addition  to  its  preserving  more  of  the  large  bowel  for  the 
purpose  of  nutrition  than  an  artificial  anus  in  the  right  inguinal 
region^  is,  owing  to  the  long  transverse  mesocolon,  easier  to  perform 
does  not  produce  so  much  irritation  of  the  skin,  and  is  easier  to 
close,  at  least  by  resection  and  anastomosis.  The  incision  is  made 
in  the  abdomen  above  the  umbilicus,  through  the  middle  line  or  the 
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left  rectus.  'I'he  rest  of  the  operation  is  similar  to  inguinal  colos- 
tomy, which,  since  it  is  the  usual  procedure,  will  be  described  in  detiil. 
Inguinal  colostomy  is  performed  through  an  incision,  two  or  tlir« 
inches  long,  made  at  right  angles  to  a  line  drawn  from  the  anterior 
superior  spine  to  the  umbilicus,  its  middle  crossing  this  line  at  the 
junction  of  the  nulcr  and  middle  thirds.  A  loop  of  the  colon  1* 
pulled  into  the  wound,  the  upper  limb  of  the  loop  being  made  taut  in 
or<ler  tu  ]irevent  subsequent  prolapse,  and  the  gut  fasteneti  by  pasi^nf 
a  ghi>s  rod  through  the  mesentery  and  suturing  the  parietal  peri- 
toneum and  then  the  skin  to  the  bowel.  Instead  of  the  glass  rod. 
gauze  or  other  material  may  be  used,  or  the  middle  of  the  skin  incision 
may  i)e  uniteil  beneath  the  bowel.     If,  owing  to  absence  or  extreme 


brevity  uf  the  mesdcoloii,  a  sufficiently  long  loop  cannot  be  obtained 
the  colon  should  be  mobilized  by  incising  the  peritoneum  on  the 
outer  side  »l  the  gut  (see  "Colectomy").  The  bowel  is  opened 
transvt-rseiy  with  scissors  or  cautery,  at  the  end  of  two  or  three  days, 
after  protecting  adhesions  have  formed;  no  anesthetic  is  required. 
The  gut  shnulil  not  be  completely  divided,  however,  for  a  week  or 
ten  ilays,  iilherwise  it  may  relracl  within  the  abdomen.  When 
immediate  opening  of  ihe  intestine  is  mandatory,  there  is  conadcr- 
able  risk  of  infecting  the  peritoneal  cavity  with  feces.  The  author 
prevents  this  in  tiie  following  manner:  The  loop  of  bowel  is  emptied 
by  jire^sure,  and  a  clamp  placed  at  each  extremity,  the  whole  bemg 
surroundeii  by  gauze.  One-half  of  a  Murphy  button  is  inserted  inW 
the  eni]ily  loop  of  intestine  through  a  small  incision  and  the  other 
half  is  s(|ueezed  into  the  end  of  a  long  rubber  tube  whose  calibrtis 
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slightly  smaller  than  that  of  the  flange  of  the  button,  thus  making  a 
tight  joint  (Fig.  428).  The  two  halves  of  the  button  are  then  pressed 
together,  or  in  other  words  a  lateral  implantation  is  made  between 
the  rubber  tube  and  the  bowel.  The  feces  drain  through  the  rubber 
tube  into  a  receptacle  on  the  floor.  By  the  time  the  button  has 
sloughed  through  the  bowel,  i.e.,  at  the  end  of  two  or  three  days, 
adhesions  will  have  closed  the  peritoneal  cavity.  Often  the  bowels 
move  only  once  or  twice  a  day,  and  give  little  trouble.  If  desired, 
however,  a  rubber  "colostomy  bag*'  may  be  worn,  or  the  artificial 
anus  may  be  closed  between  bowel  movements  by  a  hollow  rubber 
bulb,  shaped  somewhat  like  a  dumb-bell;  one  end  is  placed  in  the 
intestine  and  the  bulb  is  then  distended  with  air.  The  artificial  anus 
may  be  provided  with  a  more  or  less  satisfactory  sphincter  by  drawing 
the  bow^el  through  the  spUt  rectus  muscle  or  through  a  McBurney 
incision. 

Bodine's  operation  facilitates  the  closure  of  the  artificial  anus. 
A  long  loop  of  bowel  is  drawn  from  the  abdomen,  and  the  two  limbs 
sutured  together  for  six  inches,  first  near  the  mesenteric  attachment 
and  again  near  the  anterior  longitudinal  band.  The  loop  is  then 
replaced  in  the  abdomen  except  for  its  end,  which  is  sutured  to 
the  abdominal  wall,  and  later  opened.  When  the  artificial  anus 
has  served  its  purpose,  the  long  spur  between  the  two  limbs  of  the 
loop  is  cut  through  with  a  heavy  clamp,  which  generally  takes  about 
one  week.  The  bowel  around  the  artificial  anus  is  then  separated 
as  far  as  the  peritoneum,  the  opening  closed  with  inversion  sutures, 
and  the  muscles  and  the  skin  drawn  together  over  the  suture  line. 

In  lumbar  colostomy  the  large  bowel  is  approached  extraperi- 
toneally  through  the  loin.  The  operation  has  been  abandoned, 
because,  as  compared  with  iliac  colostomy,  it  is  more  difficult,  does 
not  completely  divert  the  feces,  and  the  resulting  opening  is  not 
well  situated  for  cleanliness. 

Operative  closure  of  the  artificial  anus  will  be  required  in  those 
cases  in  which  the  condition  for  which  it  has  been  established  has 
been  removed.  The  manner  of  closure  after  Bodine's  operation  is 
iescribed  above.  In  other  cases  the  opening  in  the  bowel  is  dis- 
infected with  carbolic  acid,  stuffed  with  gauze,  and  closed  with 
mtures.  The  environing  skin  is  then  sterilized,  and  the  abdomen 
>pened  by  an  elliptical  incision  surrounding  the  anus,  the  involved 
segment  of  bowel  being  resected,  and  the  fecal  circulation  re- 
^tablished  by  an  end  to-end-anastomosis.  In  many  cases  the 
ower  segment  will  be  so  contracted  that  the  surgeon  will  prefer  a 
ateral  anastomosis. 
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A  fecal  or  intestinal  fistula  differs  from  an  artificial  anus  in  that 
only  a  portion,  and  not  all,  of  the  intestinal  contents  escape  through 
the   abnormal   opening.     It   may   be   congenital    (see    ''Umbilical 
Fistula")  or  follow  injury,  ulceration,  strangulation,  and  malignant 
tumors  of  the  bowel,  or  inflammatory  lesions  of   the  abdominal 
cavity    secondarily    involving    the    bowel.     Occasionally    a   fecal 
fistula  is  deliberately  established  by  the  surgeon.     External  fistuh 
i.e.,  opening  on  the  skin,  may  proceed  from  any  portion  of  the 
intestinal  canal.     The  discharge  from  the  duodenum  or  the  upper 
jejunum  is  fluid,  acid,  intensely  irritating  to  the  skin,  and  contains 
bile  and  undigested  food ;  that  from  the  lower  ileum  or  the  cecum  is 
neutral  or  alkaline,  much  less  irritating  and  contains  less  undigested 
food ;  that  from  the  lower  colon  is  semisolid  or  solid  fecal  matter. 
If  there  is  any  doubt  as  to  whether  the  bowel  is  open  or  not,  e.gM 
after  some  operations  for  appendiceal  abscess  in  which  the  dis- 
charge is  very  foul,  methylene  blue  may  be  given  by  mouth;  if  there 
is  an  intestinal  fistula  the  discharge  will  become  blue,  the  earlier 
the  higher  the  fistula  in  the  bowel.     A  high  intestinal  fistula  dis- 
charges very  quickly  anything  that  is  taken  into  the  stomach,  thus 
producing  rapid  emaciation  and  death.    When  of  large  size,  an 
external  fecal  fistula  requires  the  same  treatment  as  artificial  anus. 
Smaller  fistulae,  particularly  in  the  large  bowel,  often  close  spon- 
taneously.    If  the  tract  is  lined  by  mucous  membrane,  this  should 
be  destroyed  with  the  cautery.     When  opening  into  the  small  bowel 
even  minute  fistulas  sometimes  refuse  to  heal.     In  these  cases  the 
external  opening  should  be  treated  as  mentioned  above  for  artificial 
anus,  the  tract  dissected  out,  and  the  opening  in  the  bowel  closed 
with  sutures.     When  these  methods  are  inapplicable  or  inadvisable, 
exclusion  of  the  intestine,  which  is  described  on  a  latter  page,  may 
be  performed.     An  internal  fistula  between  the  stomach  and  the 
colon  causes  rapid  emaciation,  the  appearance  of  undigested  food 
in  the  stools,  and  of  fecal  mattei  in  the  vomit  us;  between  the  intes- 
tine and  the  bladder,  fecal  matter  in  the  urine  and  infection  of  the 
urinary  tract.     If  the  condition  is  not  due  to  inoperable  tuber- 
culosis or  carcinoma  the  viscera  should  be  separated  and  the  opening 
in  each  closed. 

Enterectomyy  or  resection  of  the  intestine,  is  performed  for  many 
conditions,  of  which  the  following  are  the  most  important:  gangrene, 
extensive  injury,  tumors,  artificial  anus,  cicatricial  stenosis,  tuber- 
culosis, and  injury  to  the  vessels  supplying  the  segment  of  bowd. 
The  portion  of  gut  to  be  removed  is  drawn  from  the  body,  and  the 
peritoneal  cavity  protected  by  gauze  packing.    The  loop  is  enqptied 
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by  stripping  with  the  finger,  and  rubber-coated  clamps  placed  on 
the  bowel  on  each  side  of  the  proposed  incisions,  i.e.,  four  clamps 
axe  used.  In  the  absence  of  intestinal  clamps,  gauze  or  rubber 
tubing  may  be  tied  around  the  bowel.  The  mesentery  is  then 
ligated  in  sections,  a  short  distance  from  the  bowel,  and  divided;  in 
malignant  disease  particularly,  a  V-shaped  portion  of  the  mesentery 
is  removed,  great  care  being  exercised  not  to  cut  off  the  blood  supply 
of  the  bowel  which  is  to  remain.  The  bowel  is  divided  somewhat 
obliquely,  removing  more  at  the  free  than  at  the  mesenteric  border, 
in  order  to  give  a  greater  circumference,  and  to  assure  a  good  blood 
supply  to  the  antimesenteric  portion.  The  continuity  of  the 
intestine  is  re-established  by  circular  enterorrhaphy,  lateral  anasto- 
mosis, or  lateral  implantation  (vide  infra).  The  opening  in  the 
mesentery  is  closed,  and  any  excess  folded  and  held  in  place  by 
sutures. 

Colectomyi  or  removal  of  a  part  or  the  whole  of  the  colon, 
requires  special  consideration,  because  of  the  arrangement  of  the 
peritoneum  around  the  large  bowel.  The  middle  of  the  sigmoid 
and  the  transverse  colon  can  generally  be  withdrawn  from  the 
abdomen,  resected  like  the  small  intestine,  and  anastomosed  by 
circular  enterorrhaphy.  Unlike  the  small  intestine,  however,  the 
transverse  colon  has  attached  to  it  three  peritoneal  shelves  that 
must  be  dealt  with,  the  gastrocolic  omentum,  the  greater  omentum, 
and  the  mesocolon,  the  last  containing  the  blood  supply.  The 
ascending  and  the  descending  colon  are,  as  a  rule,  only  partly  covered 
with  i>eritoneum,  and  are  fixed  to  the  posterior  abdominal  wall. 
Thanks  to  the  arrangement  of  the  vascular  supply,  however,  which 
approaches  the  bowel  from  the  mesial  side,  these  portions  of  the 
colon  can  be  completely  mobilized,  and  brought  to  a  safe  place  out- 
side the  abdomen  for  operative  attack,  by  incising  the  peritoneum 
to  the  outer  side  of  the  gut,  bluntly  separating  the  loose  cellular 
tissue  over  the  kidney  and  the  ureter,  and  displacing  the  gut  toward 
the  median  line.  On  the  left  side  the  splenic  flexure  can  be  liberated 
by  cutting  the  phrenocolic  ligament.  Thus,  if  necessary,  the  entire 
colon  can  be  exteriorized,  almost  bloodlessly,  through  a  median 
incision.  After  mobilization  the  affected  segment  can  be  resected 
with  as  little  difficulty  as  a  piece  of  small  intestine,  and  the  con- 
tinuity of  the  bowel  re-established  by  one  of  the  methods  described 
below.  Lateral  anastomosis,  however,  is  to  be  preferred  in  the 
ascending  and  the  descending  colon,  because  of  the  incomplete 
peritoneal  investment;  if  circular  enterorrhaphy  is  performed  in 
these  parts  of  the  large  bowel,  the  anastomosis  should  be  isolated 


760  MANUAL  OF   SURGERY 

from  the  general  peritoneal  cavity  by  vaselinized  gauze,  as  leakage 
not  infrequently  follows.     Primary  resection  of  a  portion  of  the 
colon,  unless  the  bowels  have  been  thoroughly  evacuated  pre\iously, 
is  so  dangerous  (mortality  30  to  40  per  cent.)  that  in  all  cases  of 
obstruction  the  patient  should  be  operated  upon  in  two  or  more 
stages(  mortality  10  per  cent.);  this  statement  applies  particularly 
to  cases  of  malignant  disease  of  the  colon.    At  the  first  operation 
the  chief  indication  is  to  relieve  the  fecal  stasis,  by  the  formation 
of  an  artificial  anus.     At  a  later  period  the  growth  is  removed  and, 
if  possible,  the  artificial  anus  closed ;  or  the  work  may  be  done  in 
three  stages,  by  separating  the  excision  of  the  grow^th  and  the 
closure  of  the  artificial  anus  by  an  interval.     Since  closure  of  the 
artificial  anus,  by  resection  and  anastomosis,  is  often  a  formidable 
undertaking,  perhaps  the  best  plan,  in  suitable  cases,  is  to  remedy 
the  mischief  in  four  stages,     (i)  The  loop  containing  the  growth 
is  mobilized,  the  growth  brought  out  of  the  abdomen,  and  the  limbs 
of  the  loop  sutured  together  and  fastened  to  the  abdominal  wdJi 
as  in   Bodine's   colostomy.     A   rubber   tube   is   anastomosed,  as 
described  under  colostomy,  with  the  extraabdominal  portion  of 
the  bowel  above  the  growth.     (2)  When  the  tubes  comes  away  the 
growth  is  amputated.     (3)  At  the  end  of  a  week  the  spur  between 
the  limbs  of  the  loop  is  cut  through  with  a  clamp.     (4)  After  the 
clamp  has  done  its  work,  i.e.,  about  a  week,  the  artificial  anus  is 
closed,  as  after  the  Bodine  operation.     The  chief  objection  to  the 
proceeding  just  outlined  is  that  it  prohibits  extensive  removal  of 
the  lymph  channels  and  glands,  but,  according  to  Butlin.  over 
60  per  cent,  of  the  deaths  from  colonic  carcinoma  are  due  to  obstruc- 
tion, and  occur  before  metastasis  takesplace.    If  one  does  perform 
a  primary  resection  for  an  obstructing  growth  in  the  colon,  an 
artificial  anus  above  the  anastomosis  should  be  made  at  the  same 
time. 

End-to-end  anastomosis,  or  circular  enterorrhaphy^  may  be 
performed  by  simple  suturing  or  with  the  aid  of  special  apparatus. 
Simple  suturing  is  always  to  be  preferred.  The  best  plan  is  to 
bring  the  clamps  together  as  in  gastroenterostomy  (Fig.  403),  suture 
the  apposed  peritoneal  surfaces,  paying  special  attention  to  the 
mesenteric  border  as  described  below,  and  then  to  finish  the  opera- 
tion like  a  gastroenterostomy.  If  this  is  not  done  the  ends  of 
the  intestine  may  be  brought  together  with  two  sutures,  one  opposite 
the  other,  passing  through  the  walls  of  both  segments,  midway 
between  the  free  border  and  the  mesenteric  attachment.  These 
sutures  are  left  long  and  held  by  an  assistant,  in  order  to  act  as 
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guides.  A  third  suture  is  inserted  at  the  mesenteric  border  (Figs. 
427-429),  so  as  to  obliterate  the  space  normally  present  between 
the  layers  of  the  mesentery  at  this  point.  The  two  segments  are 
now  united  by  a  contmuous  suture  of  catgut,  passing  through  all 
the  coats  in  order  to  secure  firm  apposition  and  stop  bleeding. 
A/ter  the  posterior  margins  have  been  united,  the  suture  may  be 
inserted  like  a  Cushing  right  angle  suture,  except  that  it  passes 


through  all  the  coats  (Fig.  430).  This  layer  of  sutures  is  buried 
by  a  continuous  Lembert  or  Cushing  suture  of  silk,  extending  around 
the  whole  circumference  of  the  anastomosis.  It  is  well  to  insert  an 
extra  suture  at  the  mesenteric  insertion  as  shown  in  (Fig.  431). 
Instead  of  dividing  the  bowel  obliquely  to  prevent  stenosis,  as  ex- 
plained under  "Enterectomy,"  Mayo  incises  the  antimesenteric 
border  of  each  segment  in  the  axis  of  the  bowel  and  sutures  the 


incisions  together  transversely,  as  in  the  Heineke-Mikulicz  pyloro- 
plasty. When  the  ends  of  the  bowel  are  of  unequal  size,  the  larger 
opening  may  be  partly  closed  by  sutures,  or  the  smaller  end  may 
be  cut  obliquely  and  the  larger  transversely;  under  these  circum- 
stances, however,  it  is  much  better  to  close  both  ends  and  perform 
a  lateral  anastomosis.  In  MaunseU's  operation  the  ends  of  the  gut 
are  first  united  by  two  sutures,  one  at  the  mesenteric  and  one  at  the 
free  border,  the  knots  being  placed  within  the  lumen  and  the  sutures 
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left  long.  A  longitudinal  incision  is  then  made  in  the  free  maigia 
of  the  segment  of  bowel  with  the  larger  diameter,  about  an  iscb 
from  its  end.  These  sutures  are  drawn  out  through  the  kten! 
opening  (Fig.  432)  and  by  traction  an  artificial  intussusception  is 
produced  (Fig.  433).  The  edges  of  the  protruded  intussusceptum 
are  united  by  sutures  passing  through  all  the  coats  of  the  boweL 
the  intussusception  reduced,  and  the  longitudinal  opening  closed 
by  Lembert  sutures.  The  union  may  be  reinforced  by  an  atn 
layer  of  Lembert  sutures. 

Of  the  many  forms  of  special  apparatus  which  have  been  sug- 
gested to  facilitate  end-to-end  anastomosis,  the  Murphy  button 
alone  will  be  described,  although  it  too  is  almost  never  employed  at 
the  present  time.  The  button  consists  of  two  hollow,  flanged, 
metallic  cylinders.  When  one  cylinder  is  inserted  into  the  other 
and   pressed   home  the  flanges  cannot  be  separated  except  by  un- 


■  43J— Maunsell's  operation.  Fic.     434. — Murphy    button. 

A.   Male   halt;   B.  fenule  hiU. 
The  round  holes  are  for  drainace. 

screwing,  there  being  two  spring  catches  (S.S.  Fig.  434}  on  opposite 
sides  of  the  smaller  cylinder,  and  a  screw  thread  in  the  interior  of  the 
larger.  In  one-half  of  the  button  there  is  an  additional  flanp 
(P.  Fig.  415)  separated  from  the  first  by  a  spring  C.  (Fig,  434)  which 
exercises  constant  pressure  on  the  bowel,  and  thus  induces  neaosis 
and  liberates  the  button,  the  segments  of  bowel  having  in  the 
meantime  united.  A  purse-string  suture  is  inserted  into  each  end 
of  the  divided  intestine,  special  attention  being  given  to  the  mesenteric 
insertion  so  that  it  will  be  included  within  the  grasp  of  the  button. 
One-half  of  the  button  is  inserted  into  the  open  end  of  each  s^ment 
of  bowel  and  the  purse-string  suture  drawn  tightand  tied.  Anyexcess 
of  mucous  membrane  is  cut  off  and  the  two  halves  of  the  buttoo 
pressed  together.  The  button  should  be  passed  with  the  feces  in 
from  two  to  three  weeks.  The  disadvantages  of  the  button  are  thit 
it  is  a  foreign  body  which  may  become  impacted  or  retained,  piodudDf 
obstruction  or  ulceration  of  the  bowel,  and  that  its  use  may  be 
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followed  by  leakage,  the  result  of  a  spreading  of  the  necrosis  which 
it  necessarily  induces.  The  button  should  always  be  tried  before 
operation,  as  many  are  defective  in  construction. 

Lateral  anastomosis  is  performed  to  short  circuit  a  portion  of 
the  intestinal  canal  (Fig.  437)  and  sometimes  instead  of  end-to-end 
anastomosis  after  resection  of  the  bowel  (Fig.  435).  The  advantages 
over  end-to-end  anastomosis  are  that  broader  contact  of  the  serous 
surfaces  can  be  secured  without  narrowing  the  lumen;  that  necrosis 
is  less  apt  to  occur,  as  the  mesenteric  vessels  are  not  involved  in 
the  suture;  that  the  opening  can  be  made  as  large  as  desired,  hence 
post-operative  contraction  may  be  discounted;  and  that  a  difference 
in  the  size  of  the  segments  makes  the  operation  no  more  diflBicult  or 
dangerous.  The  disadvantages  are  that  the  feces  are  apt  to  be 
propelled  past  the  opening  into  the  blind  end  of  the  proximal  seg- 
ment, which  may  give  way  under  the  pressure;  that  the  circular 
fibres  are  cut,  thus  predisposing  to  impaction  at  the  site  of  anasto- 
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Fig.  435. — Lateral  anastomosis.  Pig.  436. 

mosis;  and  that  the  blind  end  of  the  distal  segment  may  invaginate. 
VVTiile  surgeons  differ  as  to  the  importance  to  be  attached  to  these 
considerations,  all  agree  that  lateral  anastomosis  is  safer  when  the 
bowel  is  not  completely  surrounded  by  peritoneum,  e.g.,  in  the 
ascending  and  descending  colon.  When  selected  after  resection  of 
the  bowel,  the  open  ends  of  the  gut  are  closed  by  sutures,  and  the 
anastomosis  effected  as  close  as  possible  to  the  ends  of  the  segments, 
care  being  taken  to  maintain  the  normal  direction  of  the  fecal 
current  whenever  possible  (Fig.  433).  When  the  ends  of  the  intes- 
tine cannot  be  suflBiciently  mobilized  for  this  purpose,  the  bowel 
may  be  arranged  as  shown  in  (Fig.  436).  After  the  loops  have  been 
emptied  clamps  are  applied  and  the  operation  completed  in  the 
same  manner  as  gastroenterostomy  with  suture.  The  Murphy 
huUon  is  applied  much  in  the  same  way  as  in  end-to-end  anastomosis. 
A  purse-string  suture  passing  through  all  the  coats  is  introduced 
into  each  segment  of  bowel  opposite  its  mesenteric  attachment, 
incisions  made  into  each  loop  of  bowel  within  the  area  embraced 
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by  the  suture,  each  half  of  the  button  inserted,  the  sutures  drawn 
tight  and  tied,  and  the  button  locked. 

Lateral  implantation  (Fig.  438),  or  end-to-side  anastomosis 
may  be  performed  by  simple  suturing  or  by  means  of  the  Murphy 
button. 

Exclusion  of  intestine  whose  removal  is  impossible,  e.g..  because 
of  an  extensive  neoplasm,  or  whose  removal  is  unnecessary,  e.g.,  in 


Fig.  437. — Incomplete  exclusion  of  colon.      Pic.  438. — Unilateral  exclusion  of  colon. 

chronic  inflammatory  lesions,  may  be  performed  in  three  ways. 
(i)  The  bowel  above  and  below  the  diseased  segment  is  united  by 
lateral  anastomosis  (Fig.  437).  This  does  not  divert  the  fecal 
current  completely  and,  unless  there  is  total  obstruction  in  the 
short-circuited  bowel,  is  often  followed  by  contraction  of  the  anasto- 
motic opening.     (2)  The  bowel  above  the  disease  is  severed,  the 

distal  end  closed,  and  the  proximal  end 
united  with  the  bowel  below,  either  by 
lateral  implantation  (Fig.  438)  or  by  lateral 
anastomosis.  This  operation  is  called  un- 
ilateral exclusion.  Its  disadvantages  are, 
when  applied  to  the  colon,  retrograde  trans- 
portation of  the  feces  and  diarrhea.  It 
really  creates  a  long  artificial  cecum,  in 
which  the  intestinal  secretions  and  the  re- 
FiG.  439— Bilateral  exclusion  gurgitatcd  feccs  may  accumulate  (fecal  im- 

of  colon.  ,       V  f,     f  ,      V  . 

paction),  putrefy  (gaspams;,  generate  toxins 
(intoxication),  and  perhaps  cause  ulceration,  perforation,  and  death. 
These  dangers  may  be  lessened,  but  not  obviated,  if  the  lower  end 
of  the  ileum  is  anastomosed  with  the  transverse  colon  (ileotrans- 
verseostpmy).  Lane  recommends  ileosigmoidostomy,  end-to-sidc 
(Fig.  438),  for  chronic  constipation  and  for  many  other  ills  that  he 
believes  are  due  to  intestinal  stasis.  (3)  The  bowel  is  anastomosed 
as  just  described,  and  then  the  lower  end  of  the  excluded  s^^ment 


ABDOMEN  765 

divided  above  the  anastomosis  and  the  open  ends  of  the  gut  closed 
(bilateral  exclusion,  Fig.  439).  This  method  necessitates  drainage  of 
the  excluded  segment,  which  otherwise  would  become  distended  with 
retained  secretions,  causing  pain,  toxemia,  and  possibly  peritonitis 
from  perforation,  hence  if  the  excluded  segment  is  not  already  con- 
nected with  skin  by  a  fistula,  one  must  be  established.  One  or  both 
ends  of  the  excluded  bowel  may  be  left  open  and  fastened  to  the  skin. 
In  order  to  avoid  the  inconvenience  of  an  external  fistula  several 
suggestions  have  been  made.  The  ileum  may  be  united  with  the 
sigmoid  by  lateral  anastomosis  in  two  places,  and  ligated  between 
the  anastomoses.  A  lateral  anastomosis  may  be  made  between  the 
cecum  and  the  sigmoid  (typhlosigmoidostomy).  The  sigmoid 
may  be  divided,  the  lower  end  anastomosed,  end-to-end,  with  the 
cecum,  the  upper  with  the  side  ot  the  lower  segment  (typhlosigmoid- 
ostomy en  Y).  In  all  of  these  methods  both  ends  of  the  colon  are 
said  to  be  drained.  In  the  first  the  ileocecal  valve  would  probably 
interfere  with  the  drainage  of  the  cecum.  In  the  second  and  the 
third,  at  least  some  of  the  feces  would  prefer  the  normal  to  the 
artificial  route,  and  flow  up  the  ascending  colon.  In  all  a  stricture 
above  the  site  of  operation,  e.g.,  in  the  transverse  colon,  would 
create  two  culs  de  sac.  Hence  these  operations  do  not  exclude  the 
large  bowel,  and  after  bilateral  exclusion  one  must  accept  the  external 
fistula  or  excise  the  colon. 

APPENDICITIS 

The  vermiform  appendix  varies  in  length  from  a  fraction  of  an 
inch  to  one  foot,  but  is  generally  about  three  inches.  It  may  point 
in  any  direction,  but  most  frequently  it  runs  downward  and  inward 
or  upward  and  inward.  It  usually  arises  from  the  postero-internal 
part  of  the  cecum,  which  it  resembles  in  structure,  except  that  it 
contains  a  large  amount  of  lymphoid  tissue,  a  fact  which  has  gained 
for  it  the  title  "abdominal  tonsil.''  Although  it  may  be  entirely 
retroj>eritoneai,  it  is  almost  always  supplied  with  a  mesentery  (meso- 
app)endix),  in  whose  free  border  runs  the  artery  of  the  appendix, 
which  is  a  branch  of  the  posterior  ileocecal;  one  or  two  vessels  may 
run  also  outwards  on  the  body  of  the  organ  within  the  folds  of  the 
mesoappendix.  In  the  female  the  appendix  is  occasionally  con- 
nected with  the  ovary  by  a  fold  of  peritoneum  (appendiculo-ovarian 
ligament)  which  carries  a  small  artery  from  the  ovarian,  thus  giving 
additional  blood  supply.  The  orifice  of  the  appendix  is  slightly 
narrowed  by  a  mass  of  lymphoid  tissue,  called  the  valve  of  Gerlach. 
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The  function  of  the  human  appendix  is  not  known,  although  some 
believe  it  has  a  slight  influence  on  digestion  by  reason  of  its  secretion. 

The  causes  of  appendicitis  are  predisposing  and  exciting.    Among 
the  predisposing  causes  must  first  be  mentioned  the  peculiarities  of 
the  appendix  itself.     It  is  a  long,  narrow,  blind  sac  communicating 
with  the  intestinal  canal  and  often  constricted  at  its  orifice.    The 
mesoappendix  is  often  short,  thus  coiling  or  kinking  the  appendix 
and  interfering  with  its  drainage  and  blood  supply.     Although  it 
may  occur  at  any  age,  appendicitis  is  most  frequent  between  the 
tenth  and  thirtieth  years.     It  is  slightly  more  common  in  males, 
and  is  probably  more  frequent  in  the  summer  than  in  the  winter. 
Other  conditions  which  predispose  to  this  affection  are  tonsillitis, 
rheumatism,  influenza,  and  disorders  of  the  gastrointestinal  canal, 
e.g.,  gastroenteritis,  dysentery,  typhoid  fever,   and  constipation. 
One   attack   markedly   predisposes   to   subsequent   attacks.   The 
exciting  causes  are   enteritis   (including  conditions   like  intestinal 
indigestion,  typhoid,  and  dysentery)  which  spreads  to  the  appendix, 
traumatism,  exposure  to  cold,  and  foreign  bodies.     Foreign  bodies, 
such  as  intestinal  parasites,  seeds  and  stones  are  uncommon,  but 
fecal    concretions    are    often   encountered.     Tuberculosis,   actino- 
mycosis, and  Certain  neoplasms  also  may  involve  the  appendix,  and 
inflammation  of  neighboring  structures,  e.g.,  the  uterine  appendages, 
may  cause  a  secondary  appendicitis.     No  matter  what  the  source  of 
irritation,  however,  the  most  important  factor  is  infection  of  the  walls 
with  micro-organisms,  especially  the  colon  bacillus.     The  ordinal)' 
pyogenic  bacteria,  particularly  the  streptococcus  pyogenes  and  less 
frequently  other  organisms,  also  are  found,  either  alone  or  as  a  mixed 
infection.     The  appendix  is  normally  inhabited  by  hordes  of  bacteria, 
which  become  vicious  only  when  they  enter  the  wall  of  the  appendix 
through  an  abrasion,  e.g.,  by  a  fecal  concretion,  or  through  the 
lymphatics  without  an  abrasion,  e.g.,  when  the  drainage  of  the  organ 
is  defective  as  the  result  of  kinks,  adhesions,  tumors,  concretions, 
foreign  bodies,  or  swelling  of  the  mucous  membrane  of  the  cecum. 

The  pathological  anatomy  varies  with  the  virulence  of  the  infection, 
the  depth  of  the  inflammation,  the  duration  of  the  process,  and  the 
complications.  In  catarrhal  appendicitis  the  mucous  membrane  is 
swollen  and  congested  and  sometimes  presents  hemorrhagic  foci; 
the  process  may  subside  if  drainage  is  free,  or  it  may  extend  to  the 
outer  walls  {interstitial  appendicitis),  the  entire  organ  then  being 
swollen  and  congested,  and  containing  pus  (empyema  of  the  appendix), 
blood,  or  feces.  Interstitial  abscesses  also  may  be  found.  If  the 
appendix  empties  its  contents  into  the  cecum,  the  patient  may  recover 
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from  the  attack,  but  the  organ  is  permanently  crippled  and  a  chronic 
or  recurring  inflammation  ensues.     More  often   the  disease  pro- 
gresses to  ulceration  or  gangrene.     Ulcerative  appendicitis  may  arise 
also  primarily,  e.g.,  in  typhoid  fever  or  dysentery,  or  from  a  foreign 
body.    One    or    more  of  these  ulcers  may  perforate   {perforative 
appendicitis)  J  either  into  the  free  peritoneal  cavity,  or  much  more 
commonly  after  the  general  peritoneal  cavity  has  been  protected 
by  inflammatory  adhesions.    In   the  latter  instance  a   localized 
abscess  will  be  formed.     Ulcers  which  do  not  perforate,  but  cicatrize, 
cause  strictures   and   deformities  of   the   appendix.    When   such 
contraction  is  universal,  the  entire  cavity  may  disappear  {obliterating 
appendicitis).     The  appendix  occasionally  becomes  distended  with 
mucus  distal  to  a  stricture  {hydrops  or  mucocel  of  the  appendix). 
Gangrenous  appendicitis  may  follow  any  of  the  preceding  varieties, 
a  sudden  and  overwhelming  infection,  or  obstruction  to  the  blood 
supply,  e.g.,  as  the  result  of  kinks,  twists,  or  thrombosis.     This 
variety  may  develop  within  a  few  hours  {fulminating  appendicitis). 
The  organ  undergoes  moist  gangrene,  being  soft,  swollen,  and  green, 
or  black   in  color,   and  soon  separates  from  the  healthy  tissues. 
In  fulminating  cases  it  may  lie  free  in  the  peritoneal  cavity.    In  any 
case,  however,  in  which  the  inflammation  progresses  beyond   the 
mucous  membrane,  adhesions  are  apt  to  form  about  the  appendix, 
thus  serving  as  a  protective  barrier  in  the  event  of  gangrene  or 
perforation.     The  exudate  formed  may  become  purulent,  even  in  the 
absence  of  perforation  and  gangrene.     The  situation  of  the  appendix 
determines  the  location  of  the  abscess,  which  may  rupture  through 
the  abdominal   wall,    into   a    neighboring  hollow  viscus,  or  into 
the  general  peritoneal  cavity.    Among  the  other  complications  of 
suppuration  about  the  appendix  are  intestinal  obstruction,  fecal 
fistula,  perforation  of  the  iliac  vein  or  artery,  psoitis,  lymphan- 
gitis or  lymphadenitis,   subphrenic  abscess,   empyema,   phlebitis 
(iliac,  femoral,  mesenteric,  or  portal),  and  pyemia  (abscess  of  the 
liver,    kidney,    spleen,    or    lung,    endocarditis,    meningitis,    and 
parotitis). 

The  symptoms  may  be  described  under  two  headings,  according 
to  whether  the  disease  is  acute  or  chronic.  The  most  important 
smptoms  of  acute  appendicitis  are  pain,  tenderness,  and  rigidity 
of  the  muscles  over  the  appendix,  which  is  generally  in  the  right 
iliac  fossa,  but  may  be  in  the  loin,  pelvis  or  any  part  of  the  right  side 
of  the  abdomen;  in  rare  instances  it  is  to  the  left  of  the  median  line. 
The  first  symptom  is  pain,  which  usually  develops  suddenly,  is 
paroxysmal  in  the  beginning  and  confined  to  the  epigastric  or 
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umbilica]  region,  and  later  becomes  constant  and  localized  in  the 
region  of  the  appendix.  The  pain  in  the  appendiceal  region  b 
increased  by  direct  pressure  over  the  appendix,  and  by  indirect 
pressure  induced  by  movements  of  the  right  thigh,  abdominal 
respiration,  and  deep  palpation  of  the  left  abdomen.  Traction  on 
the  right  spermatic  cord  may,  by  stretching  the  peritoneum  in  the 
neighborhood  of  the  internal  inguinal  ring,  cause  acute  pain  especially 
when  the  appendix  is  situated  in  the  pelvis.  The  pain  may  dis- 
appear entirely  after  the  onset  of  gangrene  or  suppuration.  The 
situation  of  the  most  marked  tenderness  also  varies  with  the  situa- 
tion of  the  appendix,  hence  may  require  rectal  or  vaginal  examination 
for  its  development;  in  most  instances,  however,  it  is  at  McBurney's 
point  (one  and  one-half  to  two  inches  from  the  anterior  superior 
spine  of  the  right  ilium  on  a  line  running  to  the  umbilicus.  Fig.  376). 
The  skin  over  the  inflamed  area  also  may  behyperesthetic.  Rigidity, 
often  board-like  in  character,  likewise  is  most  intense  over  the  appen- 
dix, and  its  degree  and  extent  usually  indicate  the  degree  and  extent 
of  the  underlying  inflammation.  Vomiting  occurs  with  the  epigas- 
tric pain,  then  subsides,  and  recurs  with  the  development  of  peri- 
tonitis. Constipation  is  present  in  about  two-thirds  of  the  cases. 
The  temperature  usually  rises  two  or  three  degrees,  but  in  many 
cases  there  is  no  fever  until  abscess,  peritonitis,  or  other  septic 
complications  ensue.  Chills  are  rare  and  generally  indicate  gangrene 
of  the  appendix  or  metastatic  abscesses.  The  pulse,  in  the  absence 
of  complications,  may  be  normal  or  but  slightly  accelerated;  it 
becomes  rapid  with  the  onset  of  peritonitis.  The  respirations  are 
costal,  but  the  rate  is  not  influenced  to  any  great  extent  until  the 
advent  of  peritonitis  develops.  The  facial  expression  may  be  that  of 
pain,  but  is  not  characteristic  in  the  absence  of  peritonitis.  The 
tongue  is  usually  coated.  Hematuria  may  occur  when  the  appendix 
lies  against  the  ureter  or  the  bladder.  The  late  symptoms,  in  a 
progressive  case,  are  those  of  peritonitis.  In  the  early  stages  the 
underlying  structures  cannot  be  palpated  because  of  the  muscular 
rigidity,  but  with  the  formation  of  an  abscess  or  a  fibrinous  exudate 
about  the  appendix,  a  mass  may  be  felt  and  sometimes  seen.  This 
tumor  is  smooth,  fixed,  usually  tympanitic,  and  rarely  fluctuating. 
After  the  infected  focus  has  become  well  encapsulated,  the  rigidity, 
often  disappears.  Rough  or  powerful  pressure  should  never  be 
used  in  acute  cases  because  of  the  danger  of  rupturing  the  appendix 
or  an  environing  abscess.  Leukocytosis,  increasing  with  the  extent 
of  the  infection,  unless  such  be  overwhelming,  is  a  sign  of  some  vahie 
when  considered  with  the  clinical  phenomena.     The  progress  of 
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e  disease  varies  greatly  in  different  instances.  In  the  mildest 
rms  in  which  the  infection  does  not  extend  beyond  the  appendix^ 
mplete  recovery  may  follow  in  a  few  days,  but  subsequent  attacks 
e  the  rule  {recurring  appendicitis).  In  fulminating  cases  the 
aitoneum  may  be  involved  within  a  few  hours.  Unfortunately  it 
impossible  to  foretell  from  the  character  of  the  symptoms  which 
ses  will  recover  and  which  will  progress  to  perforation,  gangrene, 

abscess  formation.  In  the  midst  of  even  the  mildest  symptoms, 
dden  perforation  or  gangrene  with  their  disastrous  sequelae  may 
)cur.  Chronic  appendicitis  may  be  such  from  the  beginning  or  it 
ay  follow  an  acute  attack.    The  symptoms  are  pain  and  tenderness 

the  region  of  the  appendix  with  chronic  indigestion.  Occasion- 
Yf  a  thickened  appendix  may  be  felt.  Chronic  appendicitis  in 
hich  acute  attacks  occur  at  intervals  is  called  relapsing  appendicitis. 
he  X-ray  signs  of  chronic  appendicitis  are  fixation  tenderness,  or 
stortion  of  the  appendix,  which  can  be  seen  after  an  opaque  meal. 

the  api>endiceal  shadow  fails  to  appear  the  appendicitis  may  be 
)5tructed,  obliterated,  filled  with  feces,  or  obscured  by  the  barium- 
led  cecum.  Sometimes  the  appendiceal  shadow  persists  for  months. 
The  diagnosis  is  generally  easy,  but  may  be  difficult  or  impossible. 
imany  cases  a  failure  to  make  a  definite  diagnosis  entails  no  serious 
Misequences  to  the  patient,  because  opyeration  is  necessary  in 
rder  to  deal  with  some  intraabdominal  surgical  lesion.  Embar- 
issment  to  the  surgeon,  however,  may  arise  owing  to  failure  to 
btain  |>ermission  to  remove  any  disease  that  may  be  present, 
q>ecially  if  the  patient  be  a  female,  and  the  disease  ovarian.  Pain, 
mdemess,  and  rigidity  are  prominent  features  in  this  group  of  cases, 
Wch  includes  among  other  conditions  the  following :  Perforation  of 
ny  portion  of  the  gastrointestinal  canal,  intestinal  obstruction, 
iflammation  of  Meckel's  diverticulum,  cholecystitis,  acute  pan- 
teatitis,  thrombosis  or  embolism  of  the  mesenteric  vessels,  volvulus 
f  the  omentum,  tuberculous  peritonitis,  extrauterine  pregnancy, 
Inflammatory  lesions  of  the  right  tube  or  ovary,  and  ovarian  cyst 
rtth  twisted  pedicle.  In  a  second  group  of  cases  the  trouble  lies 
Ji  the  kidney  or  the  ureter,  and  may  be  missed  even  during  an  intra- 
?^toneal  exploration,  or,  if  discovered,  may  necessitate  a  separate 
iJidsion,  and  |>erhaps  an  emergency  nephrectomy  without  investiga- 
tion of  the  functional  capacity  of  the  other  kidney.  Special  mention 
Aould  be  made  of  acute  hematogenous  infection  of  the  kidney, 
itone  in  the  kidney  or  lureter,  floating  kidney,  with  twisted  ureter, 
ifld  perinephric  abscess.  In  a  third  group  of  cases,  in  which  it  is  not 
Iways  possible  to  avoid  a  mistake  indiagnosis,  nooperation  is  needed. 

48 
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A  list  of  such  case?  will  be  found  under  "Unnecessan'  Abdomi- 
nal  Section."  Excluding  the  abdominal  wall  and  the  appendix, a 
mass  in  the  right  iliac  region,  may  be  due  to  neoplasm  of  the  structures 
in  this  region,  particularly  carcinoma  of  the  cecum  and  sarcoma  oi 
the  ilium,  ovarian  cysts,  enlarged  lymph  glands,  volvulus  of  the 
omentum  or  the  intestines,  hematoma,  tuberculosis  or  actinomysosis 
of  the  cecum,  foreign  body  in  the  intestine,  fecal  impaction,  intus- 
s  isception,  aneurj'sm,  abscess  (from  the  vertebrae  or  pelvic  bones, 
iliopsoas  or  abdominal  muscles),  pelvic  cellulitis,  inflamed  und^ 
scended  testicle,  i)roperitoneal  hernia,  enlarged  gall-bladder,  dis- 
placed or  ectopic  kidney,  and  phantom  tumor.  Space  cannot  be 
spared  in  this  place  to  give  a  separate  enumeration  of  the  symptoms 
of  these  conditions,  but  in  most  instances  the  differential  diagnosis 
is  possible  if  care  is  taken  to  obtain  a  full  history"  and  make  a 
complete  examination. 

The  treatment  of  acute  appendicitis  is  operation  as  soon  as  the 
diagnosis  is  made.     There  are  certain  exceptions  to  this  rule,  e.g.. 
the  j>resence  of  some  other  grave  malady  which  will  render  operation 
extremely  dangerous,  or  the  absence  of  a  competent  surgeon.     Under 
these  circumstances  or  when  operation  is  refused,  the  patient  should 
receive  the  medical  treatment  advised  in  the  section  on  *' Peritonitis." 
The  mortality  with  medical  treatment  is  siiid  to  be  25  per  cent.,  that 
of  early  operation  while  the  infection  is  still  confined  to  the  appendix 
is  less  than  i  per  cent. ;  in  cases  in  which  a  localized  abscess  has  formed 
the  mortality  of  operation  is  from  5  to  10  per  cent.,  in  those  with 
diffuse  peritonitis  between  10  and  25  per  cent.     The  practitioner  is 
sometimes  advised  to  wait  for  an  interval  before  operating  in  cases 
with  mild  or  subsiding  symptoms,  but  operation  in  these  cases  is  just 
as  safe  as  in  an  interval,  and  the  danger  of  a  sudden  exacerbation  is 
precluded.     In  appendicitis  with  peritonitis  a  few  surgeons  adopt  the 
Ochsner  method  of  treatment  (see  "Peritonitis").     In  chronic  ap- 
pendicitis the  time  of  operation  may  be  arranged  to  suit  the  conveni- 
ence of  the  patient  and  the  surgeon.     If  a  patient  has  passed  through 
one  attack  of  undoubted  appendicitis,  removal  of  the  organ  is  recom- 
mended l)ecause  of  the  danger  of  subsequent  attacks;  this  advia* 
becomes  progressively  stronger  with  the  number  of  attacks  which 
have  been  experienced. 

Operation  in  clean  cases,  i.e.,  early  in  an  attack,  during  an  inter- 
val, or  in  chronic  cases,  is  as  follows:  The  abdomen  may  be  opened 
by  an  incision  through  the  outer  border  of  the  right  rectus  muscle, 
beginning  at  the  level  of  the  umbilicus  and  extending  downward 
two  or  more  inches,  according  to  the  amount  of  room  desired.    In  the 
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a  IdcBumey  method  no  nerves  or  muscles  are  divided  and  subsequent 
!i  Iiemia  is  practically  impossible.  A  two  or  three  inch  skin  incision  is 
t  made  in  the  direction  of  the  fibers  of  the  external  oblique,  the  center 
1  of  the  incision  being  about  one  and  one-half  inches  from  the  anterior 
t  SiqieTioT  spine  of  the  ilium  on  a  line  to  the  umbilicus.  The  fibers 
:  of  the  external  oblique  are  separated  and  retracted,  likewise  the 


.  Pic.  440. — Intermuscular 


fibers  of  the  internal  oblique  and  transversalis  muscles,  which  run 
almost  at  right  angles  to  the  superficial  wound  (Fig.  440) .  The  trans- 
versalis fascia  and  peritoneum  are  severed  in  the  same  direction  as  the 
internal  oblique.  Before  dealing  with  the  appendix  the  adjacent 
intestine,  the  hernial  rings  in  the  immediate  vicinity,  the  ureter, 


Pic.  44». — Inversion.     The  hemostat  and 


and  in  the  female  the  pelvic  organs  should  be  palpated.  The 
appendix  may  be  hooked  up  as  the  finger  is  brought  out  of  the 
pelvis.  In  other  cases  it  will  be  necessary  to  identify  the  cecum,  and 
follow  the  anterior  longitudinal  band,  which  always  leads  to  the  base 
of  the  appendix.  If  adhesions  are  encountered,  they  should  never 
be  separated  without  protecting  the  general  peritoneal  cavity  with' 
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gauze,  as  they  may  harbor  a  focus  of  suppuration.     The  mesoappen- 
dix  is  perforated  close  to  the  cecum  with  an  aneurysm  needle,  armed 
with  catgut  (Fig.  441)  ligated,  and  divided.     Hemostatic  forceps 
are  placed  on  the  appendix  near  its  base,  to  prevent  soiling  of  the 
wound  during  amputation,  which  may  be  eflFected  by  one  of  a  num- 
ber of  different  methods.     The  easiest  plan  is  to  crush  the  base  of 
the  appendix  with  a  second  pair  of  forceps,  ligate  the  crushed  tissue 
with  catgut,  amputate  beyond  the  ligature,  and  cover  the  stump  with 
a  purse-string  inversion  suture  of  silk  or  celluloid  thread,  after  touch- 
ing the  exposed  mucous  membrane  with  carbolic  acid,  and  then  with 
alcohol.     Since  this  method  necessitates  the  strangulation  of  infected 
tissue,  which  is  occasionally  followed  by  abscess,  the  author  proceeds 
as  follows     The  ligated  stump  of  the  mesoapi>endix  is  buried  by- 
means  of  a  Lembert  suture  of  celluloid  thread,  which  is  continued 
as  far  as  the  base  of  the  appendix,  when  the  needle  is  arrested  in 
its  passage  through  the  folds  that  have  been  raised  on  each  side  of 
the  appendix  (Fig.  442),  and  the  appendix  amputated  close  to  the 
cecum,  the  left  thumb  being  placed  beneath  the  eye  half  of  the  needle, 
the  left  index  finger  beneath  the  distal  half,  to  insure  against  retrac- 
tion of  the  bowel  into  the  abdomen.     After  inspecting  the  cut  surface, 
to  make  certain  that  there  is  no  bleeding,  the  needle  is  pulled  through, 
thus  inverting  the  edges  of  the  wound,  the  closure  being  completed 
with  two  or  three  additional  stitches.     The  suture  line  is  then  buried 
by  a  second  continuous  Lembert  suture,  made  with  the  same  thread, 
and  terminated  at  the  point  of  origin  of  the  first  suture.     Rarely  a 
bleeding  point  is  observed  at  the  site  of  amputation,  in  which  event 
the  wound  is  made  dry  with  an  extra  stitch  before  completing  the 
inversion.     If  the  appendix  is  normal  or  not  suflSciently  diseased  to 
account  for  the  symptoms,  the  kidney  and  the  intraperitoneal  organs 
not  already  examined  should  be  palpated,  which  can  be  done  only 
through  a  wound  large  enough  to  admit  the  hand.     The  McBurney 
incision  can  be  extended  by  cutting  the  sheath  of  the  rectus  tran.*- 
vcrscly  and  retracting  the  muscle  toward  the  middle  line.    At  the 
completion  of  the  oi)eration  the  peritoneum  is  closed  with  a  purse- 
siring  suture  of  catgut,  one  end  of  whch  is  passed  from  within  out 
wards  through  the  transversalis  and  the  internal  oblique  musclesand 
used  as  a  continuous  stitch  to  draw  these  structures  together,  afttf 
which,  in  a  similar  manner,  it  perforates  and  approximates  the  ex- 
ternal ol)iique.     The  sheath  of  the  rectus,  if  severed,  is  repaired  tf 
the  same  time.     The  skin  is  closed  with  a  continuous  suture  of  sik. 
worm  gut. 

Operation  for  appendiceal  abscess  is  performed  throng 
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ision  made  over  the  mass.  If  edema  of  the  abdominal  wall  be 
nd,  the  abscess  is  probably  adherent  to  the  parietes,  and  will  be 
;ned  on  cautiously  deepening  the  wound.     All  that  is  then  needed 

0  insert  a  gauze  drain  and  allow  the  cavity  to  heal  by  granulation. 
however,  the  appendix  is  loose  in  the  abscess  cavity,  or  can  be 
loved  without  opening  the  general  peritoneal  cavity,  such  should 
done.  In  other  cases  the  appendectomy  should  be  performed 
*r  the  wound  has  healed,  when  there  is  no  longer  danger  of  infect- 

the  peritoneum.     If  the  mass  is  not  adherent  to  the  parietes,  it 

uid  be  isolated  from  the  general  peritoneal  cavity  by  gauze  pack- 

A  small  opening  is  then  made  into  the  abscess  by  separating 

adhesions  with  the  finger,  and  the  pus  removed  with  gauze  pads 
juickly  as  it  appears.  When  the  pus  ceases  to  flow,  the  opening 
;nlarged  with  the  finger,  the  cavity  dried  with  gauze,  and  the 
•endix  removed  by  one  of  the  methods  already  mentioned,  using 
^t,  however,  for  the  inversion  suture,  since  a  non-absorbable 
ire  in  these  cases  may  give  rise  to  a  troublesome  sinus.  The 
ity  is  again  dried,  and  then  drained  with  gauze;  the  author  uses 

Mikulicz  drain,  as  described  under  "Surgical  Technic"  (chap. 
Aiter  the  outer  packing  is  removed,  the  superfluous  portion 
he  wound  is  closed  with  sutures. 

For  operation  for  diffuse  peritonitis  following  appendicitis  see 
*ritonitis." 

The  sequelae  of  operation  in  abscess  cases,  or  in  those  complicated 
peritonitis,  are  secondary  abscess,  phlebitis,  intestinal  obstruc- 
1,  fecal  fistula,  suppuration  of  the  superficial  wound,  and  hernia. 
e  complications  of  the  disease  itself  have  already  been  given  in 

paragraph  on  the  "Pathological  anatomy.'' 
Appendicostomy  (Wier's  operation)  is  employed  to  permit  irriga- 

1  of  the  colon  in  chronic  dysentery  and  other  ulcerative  lesions  of 
large  bowel.     The  abdomen  is  opened  by  a  McBurney  incision, 

;  mesoapp>endix  ligated  and  severed,  the  appendix  sutured  to  the 
•ietal  peritoneum  and  the  skin,  the  superfluous  portion  of  the 
und  closed,  the  appendix  opened  to  make  sure  that  it  is  patulous 
strictured  a  Gibson  operation,  as  described  under  "Colostomy," 
ndicated) ,  a  ligature  applied  to  prevent  leakage,  and  after  several 
''s  the  protruding  part  of  the  appendix  amputated.  The  colon 
yr  now  be  irrigated  daily  with  salt  solution,  silver  nitrate,  1-5000, 
nuth  and  starch  water,  I'dram  to  the  ounce,  etc.,  by  passing  a 
lieter  through  the  appendix  and  introducing  a  tube  into  the  rectum 
en  the  fistula  is  no  kogier  needed  it  may  be  closed  by  cauterizing 
mnoous 


( if  ^nl  I 
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THE  LIVER 

For  injuries  of  the  liver  see  contusions  and  wounds  of  the  abdo- 
men. 

Abscess  of  the  liver  results  from  direct  infection,  e.g.,  through  a 
wound;  infection  by  contiguity,  e.g.,  from  a  subphrenic  abscess; 
ascending  infection  through  the  bile  ducts,  e.g.,  in  suppuratiw 
cholangitis;  lymphogenous  infection,  e.g.,  in  rectrocecal  cellulitis 
and  appendicitis  (Munroe);  or  from  hematogenous  infection.  In 
the  last  instance,  which  is  the  most  frequent,  the  bacteria  reach  the 
liver  by  way  of  the  hepatic  artery  (general  pyemia) ;  more  commonly, 
by  way  of  the  portal  vein  (portal  pyemia)  from  infective  lesions  in 
the  area  drained  by  this  vein,  e.g.,  appendicitis,  rectal  affections, 
suppuration  of  the  pelvic  organs,  and  dysentery  or  other  torms  of 
intestinal  ulceration;  or,  exceptionally,  by  way  of  the  hej>atic  vein 
(retrograde  embolism) ;  or,  in  the  new-born,  the  umbilical  vein  as  the 
result  of  infection  of  the  umbilicus.  The  pyogenic  organisms  most 
frequently  found  are  streptococci,  staphylococci,  and  the  colon 
bacillus.  In  tropical  abscess,  which  foUows  amebic  dysentery, 
cultures  are  frequently  sterile,  the  pyogenic  bacteria  originally  pres- 
ent having  perished  with  the  lapse  of  time;  the  pus  is  thick,  chocolate 
colored,  and  contains  blood,  necrotic  liver  cells,  and  a  few  leukocj'tes; 
the  ameba  is  absent  in  20  per  cent,  of  the  cases.  Hydatid  cysts 
may  suppurate,  and  actinomycetes,  ascarides,  distoma,  and  coccidia 
are  possible  but  rare  causes  of  hepatic  suppuration.  Tropical  and 
traumatic  abscesses  are  usually  solitary  and  occupy  the  right 
lobe;  pyemic  abscesses  small,  multiple,  and  hence  rarely  amenable  to 
treatment. 

The  Sjonptoms  in  acute  and  pyemic  abscesses  are  pain  reflected 
to  the  right  shoulder,  tenderness  and  enlargement  of  the  liver,  oc- 
casionally friction  sounds  owing  to  involvement  of  the  peritoneum, 
rarely  edema  of  the  skin  or  fluctuation,  chills,  fever,  sweats,  leukoc}'- 
tosis,  perhaps  slight  jaundice,  and  sometimes  cough  from  irritation 
of  the  phrenic  nerve  or  invasion  of  the  lung.  In  chronic  and  tropical 
abscesses  there  may  be  few  or  no  symptoms,  and  no  leukocytosis.  In 
the  latter  the  ameba  may  be  found  in  the  stools.  The  X-rays  may 
show  the  enlargement  of  the  liver  and,  if  the  abscess  is  near  the 
diaphragmatic  surface,  a  dome-shaped  projection.  The  abscess 
may  break  into  the  peritoneal  cavity,  one  of  the  hollow  viscera,  the 
pleura,  the  lung,  the  pericardium,  or  into  the  vena  cava  or  portal 
vein;  or  it  may  point  externally  through  the  abdominal  wall.  The 
diagnosis  may  be  confirmed  by  aspiration,  the  needle  being  inserted 
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in  the  seventh  or  eighth  intercostal  space  between  the  axillary  lines, 
below  the  costal  arch  in  the  right  nipple  line,  or  posteriorly  in  the 
ninth  or  tenth  interspace  vertically  below  the  angle  of  the  scapula. 
One  should  be  prepared  to  proceed  immediately  with  operation  if  pus 
is  found. 

The  treatment  is  kepatotomy  by  the  abdominal  or  thoracic  route, 
depending  upon  the  situation  of  the  abscess.  If  the  former  is 
chosen,  the  abdomen  is  opened,  usually  by  a  longitudinal  incision, 
below  the  costal  arch.  If  the  liver  is  adherent  to  the  abdominal  wall, 
the  abscess  may  be  opened  without  danger  of  contaminating  the 
peritoneal  cavity.  In  the  absence  of  adhesions  the  peritoneal  cavity 
must  be  protected  by  gauze  packing.  The  abscess  is  located  with 
hollow  needle,  and  opened  by  passing  a  knife  or  a  cautery  blade  along 
the  needle.  The  abscess  is  irrigated,  and  drained  with  a  rubber  tube, 
the  free  portion  of  the  cavity  being  slightly  packed  with  gauze. 
After  removing  the  gauze  which  protects  the  peritoneal  cavity, 
the  liver  below  the  opening  of  the  abscess  may  be  sutured  to  the 
abdominal  wall.  When  the  abscess  is  high  on  the  dome  of  the 
liver,  the  transpleural  or  thoracic  operation  is  indicated.  The  ab- 
scess is  located  with  the  needle  as  directd  above,  the  rib  below  the 
needle  excised,  and,  if  the  pleural  cavity  is  obliterated  at  this  point  by 
adhesions,  the  abscess  opened  as  previously  described.  If  there  are 
no  adhesions,  the  two  layers  of  the  pleura  should  be  stitched  together 
with  catgut. 

C]rst8  of  the  liver  arising  from  dilatation  of  the  lymph  spaces  are 
called  simple  serous  cysts.  They  may  be  single  or  multiple,  large  or  small 
but  seldom  cause  symptoms.  Polycystic  disease  of  the  liver  is  usually 
congenital  and  often  associated  with  cystic  disease  of  the  kidneys; 
almost  the  whole  organ  is  converted  into  serous  cysts  of  various  sizes. 
Both  these  varieties  as  well  as  cystic  adenoma  and  dermoids  are 
very  rare.    Hydatid  cysts  are  considered  in  the  next  paragraph. 

Hydatid  cysts  are  found  more  frequently  in  the  liver  than  in  any 
other  p)ortion  of  the  body.  The  general  facts  concerning  these  cysts 
and  the  composition  of  hydatid  fluid  are  given  in  chap.  xiii. 

The  sjrmptoms  develop  slowly.  The  swelling  moves  with  respira- 
tion and  is  seldom  painful.  When  superficial,  fluctuation  and  hydatid 
fremitus,  or  thrill,  may  be  obtained;  the  latter  is  due  to  the  rubbing 
together  of  the  daughter  cysts.  When  deeply  situated  the  cyst 
may  be  mistaken  tor  a  neoplasm.  Pressure  on  the  lung  causes 
dyspnedL'y  on  the  stomach  or  bowel,  vomiting  and  indigestion;  on 
the  blood  vessels,  ascites  and  edema  of  the  legs;  on  the  bile  ducts, 
jaundice,  which  is  rare.     Hydatid  urticaria  and  toxemia  occur  most 
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often  after  rupture  into  the  periteoneal  acivity.  Examination  of  the 
l)lood  reveals  eosinophilia.  The  X-rays  may  give  the  same  informa- 
tion as  in  abscess  of  the  liver.  Aspiration  may  be  used  for  diagnostic 
purposes,  but  only  immediately  before  operation.  The  cyst  may 
shrink  and  the  contents  become  inspissated,  or  it  may  enlarge,  m\h 
or  without  suppuration,  and  burst  in  one  of  the  situations  just 
mentioned  under  abscess  of  the  liver. 

The  treatment  is  much  like  that  of  abscess,  except  that  the  germ- 
inal layer  (endocyst)  should,  if  feasible,  be  j>eeled  out.  After  protect- 
ing the  abdominal  cavity,  the  cyst  is  aspirated,  op>ened  with  the 
cautery  or  the  knife,  the  daughter  cysts  and  the  endocyst  removed, 
and  the  cavity  drained,  after  stitching  the  edges  of  the  opening  to 
the  abdominal  wall.  Small  cysts  may  be  completely  excised.  Sim- 
ple aspiration  and  aspiration  followed  by  injections  are  not  recom- 
mended. 

Tumors  of  the  liver  are  usually  secondary,  hence  multiple. 
Among  the  primary  tumors  are  carcinoma,  sarcoma,  endothelioma, 
angioma,  fibroma,  adenotna,  lipoma,  and  myxoma.  Gummata  and 
thick- walled  hydatid  cysts  may  closely  simulate  neoplasms.  WTien 
operable  the  growth  may  be  resected  with  the  knife  or  the  thermo- 
cautery, after  surrounding  it  with  a  series  of  interlocking  ligatures 
of  silk  or  catgut,  introduced  with  a  blunt  needle.  The  circulation 
can  be  controled  temporarily  by  compressing  the  vessels  at  the  hilus. 
As  after  rupture  of  the  liver  (see  ** Contusions  of  the  Abdomen") 
hemostasis  may  be  effected  by  tamp)onage  with  muscle,  omentum, 
or  fat,  and  a  transplant  of  fascia  employed  to  prevent  tearing  out  of 
the  sutures.  When  the  growth  is  pedunculated  it  may  be  secured 
extraj)eritoneally  by  transfixing  its  base  with  long  pins,  and  then 
removed  after  constricting  the  pedicle  below  the  pins  with  an  elastic 
ligature,  which  is  left  in  place. 

Hepatoptosis,  or  floating  liver,  is  generally  a  part  of  splanchnop- 
tosis. There  may  be  pain,  vomiting,  and  general  weakness,  with, 
in  some  cases,  jaundice  and  ascites.  The  prolapsed  organ  may  be 
outlined  by  palpation.  The  ireatmimt  is  that  of  splanchnoptosis. 
When  other  measures  fail,  the  liver  may  be  sutured  to  the  anterior 
abdominal  wall  with  a  blunt  needle  and  silk  or  catgut  {hepatopexy)- 
In  partial  ptosis,  or  floating  lobe,  e.g.,  the  result  of  tight  lacing  or 
cholelithiasis  {Riedcrs  lohe\  the  cause  should  be  removed.  The 
floating  lobe  can  be  supported  by  suturing  the  ligamentum  teres  or 
the  gall-bladder  to  the  abdominal  wall,  but  this  is  rarely  necessary. 
Excision  of  a  linguitorm  projection  also  has  been  done. 
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In  portal  cirrhosis  of  the  Ihrer  with  ascites,  attempts  have  been 
made  (a)  to  prevent  the  eflFusion  of  fluid  into  the  peritonei  ca\ity 
by  relieving  the  venous  congestion  through  an  artificial  collateral 
circulation  between  the  portal  and  the  systemic  vessels  ('epiplopex>') , 
or  through  an  anastomosis  between  the  vena  cava  and  the  portal 
(Eck's  fistula)  or  superior  mesenteric  vein,  or  between  the  superior 
mesenteric  and  ovarian  veins;  and  (b)  to  drain  the  effusion  into  the 
subcutaneous  or  retroperitoneal  cellular  tissue  (by  leaving  an  opening 
in  the  peritoneum,  by  suturing  the  edges  of  the  opening  in  the  peri- 
toneum to  the  cellular  tissues,  by  placing  the  omentum  in  the 
abdominal  wall,  by  silk  threads,  wire,  tubes),  or  into  the  veins  by 
anastomosing  the  internal  saphenous  vein  with  the  peritoneum.  In 
epiplopexy  (Talma's  operation)  the  fluid  is  drawn  off  by  a  puncture 
above  the  pubes,  and  the  abdomen  opened  above  the  umbilicus. 
The  external  surface  of  the  liver  and  the  spleen  and  the  app)Osed 
parietal  j)eritoneum  are  scrubbed  with  gauze,  after  which  the  omen- 
tum is  sutured  to  the  abdominal  wall.  The  wound  is  then  closed, 
and  the  freshened  intraperitoneal  surfaces  held  together  by  a  tight 
bandage  or  adhesive  plaster  applied  to  the  upper  abdomen.  About  lo 
I>er  cent,  of  the  patients  thus  treated  are  permanently  relieved  of  the 
ascites,  20  per  cent,  temporarily  benefited.  Direct  transference  of 
blood,  as  in  the  Eck  fistula,  aside  from  its  technical  difficulties,  may 
cause  embolism,  alimentary  intoxication  (because  the  blood  does 
not  flow  through  the  liver),  or  acute  general  infection  (because  the 
intestinal  mucosa  does  not  always  oppose  a  sufficient  barrier  to 
microorganisms) ,  hence  cannot  be  recommended .  The  d  rainage  opera- 
tions give  only  transient  relief,  as  the  opening  is  plugged  with  omen- 
tum or  closed  by  cicatrization,  the  foreign  body  encapsulated,  the 
vein  thrombosed.  Our  own  conclusions  are  as  follows:  (i^  Cirrhosis 
of  the  hver  cannot  be  cured  by  operation;  if  it  could,  the  operation 
ought  to  be  j)erformed  before  the  ascites  appears.  (2)  As  syphilitic 
cirrhosis  can  be  greatly  benefited  or  perhaps  cured  by  medical  treat- 
ment, it  should,  if  possible  be  excluded  in  all  cases  before  deciding 
on  operation.  (3)  The  diagnosis  of  the  cause  of  the  ascites,  which 
is  merely  a  symptom,  is  often  difiicult.  The  liver  may  be  large  or 
small  in  portal  cirrhosis.  In  all  forms  of  ascites,  it  may  be  pushed  up 
or  rotated,  and  give  a  diminished  area  of  dulness  on  percussion,  or 
the  ascites  may  be  so  great  that  the  size  of  the  liver  cannot  be  de- 
termined by  external  examination;  hence,  (4)  unless  there  are 
contraindications  (serious  disease  of  the  heart,  lungs,  kidneys,  or 
syphilis),  all  cases  should  be  operated  upon  early,  for  the  purpose  of 
diagnosis,  and  with  the  hope  that  something  may  be  found  that  is 
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amenable  to  surgical  treatment.     If  cirrhosis  is  present  epiplopexy 
may  be  performed;  if  cholelithiasis,  the  stones  (which  may  be  the 
cause  or  the  result  of  cirrhosis)   should  be  removed;   if  chronic 
pancreatitis,   the  gall-bladder  may  be  drained;   if   splenomegaly, 
(Banti's  disease),  splenectomy  is  to  be  considered.     Mayo  suggests 
splenectomy  for  the  purpose  of  reducing  the  amount  of  blood  carried 
to  the  liver.     Not  infrequently  the  surgeon  will  find,  instead  of  hepa- 
tic cirrhosis,  tuberculous  peritonitis,  and  less  often  an  ovarian  papil- 
loma, a  tumorin  the  portal  region,  carcinomatosis  of  the  peritoneum, 
or  capsular  cirrhosis  (perihepatitis) ,  in  which  the  liver  is  covered  with 
a  hyaline  fibrous  tissue  resembling  the  icing  on  a  cake,  and  in  which 
there  is  sometimes  a  similar  change  in  the  peritoneum  covering  the 
other  abdominal  organs,  in  the  pericardium,  and  in  the  pleural 
membranes  (polyserositis).     The  difficulty  in  diagnosis  referred  to 
above  promises  to  diminish  with  the  development  of  X-ray  inves- 
tigations after  the  production  of  an  artificial  pneumoperitoneum. 
The  ascitic  fluid  is  withdrawn  by  tapping,  and  the  trocar  connected, 
by  means  of  a  rubber  tube,  with  a  rubber  bag  (such  as  is  used  in 
nitrous  oxide  anesthesia),  which  holds  three  or  four  litres  of  oxygen. 
The  abdomen  is  then  inflated  by  slight  pressure  on  the  bag  (W.  H. 
Stewart) .     The  oxygen  is  absorbed  within  24  hours.     By  this  method 
the  parenchymatous  organs  and  solid  tumors  can  be  demonstrated 
with  great  clearness.     Biliary  cirrhosis  without  ascites  has  been 
treated  by  cholecystostomy,  cholecystogastrostomy,  and  cholecysto- 
duodenostomy.     Operation  is  particularly  indicated  if  there  is  a 
complicating  cholelithiasis  or  chronic  pancreatitis.     One  must  be 
sure  that  the  condition  is  biliary  cirrhosis,  and  not  hemolytic  jaun- 
dice, since  the  latter  is  curable  by  splenectomy. 

THE  BILIARY  PASSAGES 

Inflammation  may  attack  the  bile  ducts  and  the  gall-bladder 
simultaneously  or  separately.  The  cause,  excluding  poisons  like 
phosphorous  and  arsenic,  is  always  infection,  which  ascends  from  the 
duodenum,  or,  more  often,  arrives  by  way  of  the  blood  stream 
through  one  of  the  paths  mentioned  under  "Abscess  of  the  Liver." 
The  portal  vein  is  the  favorite  route,  because  it  drains  the  intestine 
which,  even  normally.,  contains  hordes  of  bacteria.  The  hepatic 
artery  serves  to  convey  the  microorganisms  to  the  liver  in  systemic 
infections,  e.g.,  typhoid,  pneumonia,  influenza,  septicemia,  and 
pyemia.  In  hematogenous  infection  the  bactma  are  deposited 
directly  from  the  blood,  e.g.,  in  the  walls  of  the  gall-bladder,  or  are 
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excreted  with  the  bile  and  descend  to  the  affected  part.  The  or- 
ganisms most  frequently  found  are  the  colon  bacillus,  the  typhoid 
bacillus,  the  paratyphoid  bacillus,  and  the  ordinary  pyogenic  bac- 
teria, especially  the  streptococcus.  Bacteria  excreted  by  the  liver 
may  produce  no  evil  effects,  unless  there  is  local  irritation,  e.g.,  from  a 
stone,  or  obstruction  to  the  ducts,  which  obstruction  may  be  in- 
trinsic, e.g.,  from  stones  (the  most  frequent  cause),  plugs  of  mucus, 
inspissated  bile,  pseudomembrane,  inflammatory  swelling  of  the 
mucosa,  stricture,  or  animal  parasites,  or  extrinsic,  e.g.,  from  pan- 
creatitis, lymphadenitis,  adhesions,  tumors,  aneurysm,  or  prolapse 
of  the  kidney  or  liver  leading  to  kinking  of  the  ducts.  Obstruction 
is  rarely  due  to  congenital  absence  or  atresia  of  one  or  more  of  the 
biliary  passages. 

Cholangitis,  or  inflammation  of  the  biliary  ducts,  may  be  acute 
(catarrhal  or  suppurative)  or  chronic.  Acute  catarrhal  cholangitis 
{catarrhal  jaundice)  is  dealt  with  by  the  physician  and  need  not  be 
discussed  here.  Suppurative  cholangitis  causes  the  same  symptoms 
as  septicemia  or  pyemia,  with  an  enlarged  and  tender  liver  and  a 
varsring  degree  of  jaundice.  The  treatment  is  that  of  pyemia,  with 
the  removal,  if  possible,  of  any  obstruction  to  the  flow  of  bile,  and 
drainage  of  the  gall-bladder  or  common  duct. 

Chronic  catarrhal  cholangitis  may  follow  the  acute  form,  but  is 
usually  the  result  of  obstruction  of  the  bile  ducts.  The  symtoms  are 
persistent  jaundice,  in  many  cases  recurring  attacks  of  fever  associated 
with  sweats  (Charcot^ s  intermittent  fever);  and  often  enlargement 
and  tenderness  of  the  liver,  with  asthenia  and  emaciation. 
The  complications  are  suppurative  cholangitis,  diffuse  hepatitis, 
abscess  of  the  liver,  cirrhosis  of  the  liver,  pylephlebitis,  chole- 
cystitis, perforation  of  the  ducts,  pancreatitis,  endocarditis,  pleurisy, 
pneumonia,  and  other  septic  maladies.  The  treatment  is  removal  of* 
the  cause  when  possible,  and  drainage  of  the  biliary  ducts  by  one  of 
the  operations  to  be  described  later. 

Cholecystitis^  or  inflammation  of  the  gall-blacider,  is,  in  the 
majority  of  cases,  associated  with  gall-stones,  either  as  the  cause  or 
the  result.  As  with  the  appendix  the  pathologic  changes  depend 
upon  the  virulence,  depth,  and  duration  of  the  inflammation,  and  the 
complications. 

Acute  cholecystitis  of  the  catarrhal  variety  may  subside  if  there  is 
no  interference  with  biliary  drainage,  or  eventuate  in  one  of  the 
varieties  to  be  mentioned  below.  Acute  interstitial  cholecvstitis, 
in  which  the  outer  walls  also  are  invaded,  is  more  apt  to  cause  per- 
manent trouble,  and,  if  suppurative,  may  lead  to  intramural  ab- 
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scesscs.    Suppurative  cholecystitis  is  often  caused  or  complicated  by 
obstruction  to  the  cystic  duct,  if  not  by  a  calculus,  by  inflammatory 
swelling  or  a  plug  of  mucus;  as  a  consequence  the  gall-bladder  is 
distended  with  bile,  mucus,  and  pus  (empyema  of  the  gall-bladder). 
Ulcerative  cholecystitis  may  follow,  or  ulceration  may  arise  from  the 
pressure  of  a  stone.     In  these  cases  perforation  may  take  place, 
either  into   the   general  peritoneacal  cavity,  or  more  often  after 
the    formation    of    adhesions    {pericholecystitis),    which,    likeTiTse. 
may  result  from  any  nonperforative  infection  of  the   gall-bladder 
that  has  progressed  beyond  the  mucous  membrane.     In  suppurative 
pericholecystitis  the  abscess  may  extend  up  in  front  of  the  liver 
(subphrenic  abscess),   or  empty  into  the  free  peritoneal  ca\ity, 
the  stomach,  the  intestine,  or  rarely  through  the  abdominal  wall,  thus 
resulting  in  an  internal  or  an  external  biliary  fistula.     Nonperforating 
ulcers  may,  by  cicatrization,  produce  strictures  of  the  cystic  duct, 
similar  deformities  of  the  gall-bladder,  and  occasionally,  when  the 
contraction  is  universal,  total  obliteration  of  this  organ  (cf.  ** Ob- 
literating Cholecystitis'*  below).    Gangrene  is   caused  by  virulent 
infection  or  ischemia,  or  both.     Ischemia  is  due  to  over  distention 
of  the  gall-bladder,  or  thrombosis  or  other  form  of  obstruction  to 
the  blood  supply.     A  large  calculus  in  the  cystic  duct  may,  by 
damming  up  the  secretions  and  pressing  upon  the  cystic  artery,  be 
responsible  for  both  forms  of  ischemia.     The  gangrene  is  of  the 
the  moist  variety  and  the  contents  of  the  gall-bladder  are  mixed  with 
blood.    Pseudomembraneous  cholecystitis  is  very  rare. 

Chronic  cholecjrstitis  of  the  catarrhal  variety  is  often  accomp>anied 
by  enlargement  of  the  glands  of  the  mucosa,  forming  papillai}' 
projections,  the  apices  of  which  become  eroded  and  stained  with  bile 
(strawberry  gall-bladder).  Sometimes  these  glands  hypertrophy  to 
such  an  extent  as  to  justify  the  term  papillomatous  chokcystitUt 
and  occasionally  one  or  more  may  become  distinctly  poljrpoid  {papil- 
loma of  the  gall-bladder) ;  in  these  cases  cancerization  is  a  possibility. 
Prolonged  obstruction  of  the  cystic  duct  with  chronic  catarrhal 
cholecystitis,  i.e.,  without  serious  infection,  leads  to  distention  of  the 
gall-bladder  with  mucoid  fluid,  the  bile  having  been  absorbed  {hy- 
drops cystidis  fellece).  Dilatation  of  the  common  and  the  hepatic 
ducts  follows,  for  the  reasons  given  under  "Cholecystectomy." 
Chronic  interstitial  clwlecystitis  converts  the  normal  net-like  rugae  of 
the  mucosa  into  prominent  ridges  of  scar  tissue  and  causes  fibroid 
thickening  of  the  whole  wall,  which  is  sometimes  followed  by  grctt 
contraction,  the  gall-bladder  being  reduced  to  a  fibrous  cord  («i- 
literating  cholecystitis).  In  this  event,  as  in  hydrops,  the  common 
and  the  hepatic  ducts  may  become  permanently  dilated. 
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The  symptoms  of  cholecystitis  with  and  without  calculi  are  so 
nearly  alike  that  the  two  conditions  cannot  be  differentiated,  hence 
the  symptomatology  of  "gall-bladder  disease"  is  considered  under 
"Cholelithiasis." 

The  treatment  of  acute  catarrhal  cholecystitis  is  medical,  espe- 
cially when  the  condition  arises  in  the  course  of  some  general  disease 
like  enteric  fever  and  is  not  associated  with,  severe  symptoms. 
Should  the  symptoms  persist,  however,  or  become  severe,  operation 
will  be  demanded.  The  indications  for  cholecystostomy  and  chole- 
cystectomy in  cholecystitis  are  noted  in  the  sections  dealing  with 
these  operations. 

Cholelithiasis  (gall-stones)  is  found  in  from  5  to  10  per  cent, 
of  all  autopsies.  It  is  due  to  one  of  the  following  conditions:  (i) 
infection,  (2)  biUary  stasis,  (3)  hypercholesterinemia.  Which  of 
these  is  the  primary  or  predominating  cause  is  a  matter  of  dispute, 
and  doubtless  varies  in  individual  cases,  (i)  Infection  may  reach 
the  gall-bladder  in  three  ways  (cf.  "Inflammation"  at  the  begin- 
ning  of  this  section),  (a)  Ascending  infection  through  the  common 
and  the  cystic  ducts  accounts  for  the  etiologic  importance  of  duod- 
neal  catarrh  and  ulcer  in  the  formation  of  gall-stones,  (b)  In  des- 
cending infection  the  bacteria  descend  with  the  bile  from  the  liver, 
to  which  they  are  carried  by  the  hepatic  artery  in  general  bactere- 
mia; or,  more  frequently,  by  the  portal  vein  from  the  intestine  in 
constipation  (colon  bacillus),  or  from  infective  lesions  in  the  area 
drained  by  this  vein,  notably  appendicitis  and  inflammatory  proc- 
esses in  the  female  pelvis,  (c)  In  what  may  be  termed  direct 
hematogenous  infection  the  microorganisms  pass  through  the  cystic 
artery,  and  are  deposited  in  the  walls  of  the  gall-bladder.  Infection 
can  reach  the  gall-bladder,  by  one  or  all  of  the  routes  just  mentioned, 
in  intestinal  diseases  associated  with  bacteremia,  e.g.,  typhoid  fever, 
which,  not  infrequently,  is  complicated  by  cholecystitis  and  followed 
by  gall-stones.  No  matter  what  the  source  of  infection,  catarrhal 
inflammation  produces  an  increased  flow  of  mucus  and  desquamation 
of  the  epithelial  cells,  the  protoplasm  of  which  degenerates  and 
forms  cholesterin,  which  may  unite  with  other  constituents  of  the 
bile  (bilirubin,  calcium  salts)  in  varying  proportions  (vida  infra). 
(2)  Biliary  stasis  may  be  due  to  obstruction,  the  causes  of  which 
are  listed  under  "Inflammation"  at  the  beginning  of  this  section. 
In  other  cases  the  bile  stagnates  or  flows  slowly  because  of  defective 
propulsion.  Pericystic  adhesions  and  inflammatory  rigidity  of  the 
walls  of  the  gall-bladder  interfere  with  its  contractions.  Senescence 
probably  weakens  the  muscular  coat  of  the  gall-bladder;  patients 
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coming  to  operation  are  usually  over  forty.     Sedentary  habits, 
tight  lacing;  and  large  abdominal  tumors,  including  the  pregnant 
uterus,  all  hinder  abdominal  respiration,  hence  the  free  flow  of  bile; 
these  conditions,  with  the  greater  frequency  in  women  of  con- 
stipation, pelvic  infections,  and  ptosis  of  the  liver  and  kidney, 
which  may  kink  the  cystic  or  common  ducts,  explain  why  75  per  cent 
of  the  patients  are  female.     Pregnancy  not  only  favors  biliary  stasis, 
but  is  associated  with  hypercholesterinemia,  and  may  be  followed 
by  infection,  consequently  90  j>er  cent,  of  these  female  patients  have 
borne  children.     (3)  Hypercholesterinemia  may  result  from  faulty 
metabolism,  excess  of  meat,  fat,  eggs,  and  fish  in  the  diet  (bence  the 
patients  are  usually  stout),  pregnancy,  lactation,  syphilis,  tuber- 
culosis, nephritis,  diabetes,  arteriosclerosis,  malignant  tumors,  and 
acute  infectious  diseases.     Those  who  put  most  emphasis  on  the 
importance  of  an  increased  amount  of  cholesterin  (cholesterol)  in 
the  blood  and  the  bile  think  that  inflammation  is  more  often  the 
result  than  the  cause  of  gall-stones.     It  is  true  that  in  more  than 
50  per  cent,   of  the  operations  for  cholelithiasis,  the  contents  of 
the  gall-bladder  are  sterile,  but  in  many  of  these  the  bacteria  orig- 
inally present  have  disappeared,  leaving  the  stones. 

The  stones  are  almost  always  formed  in  the  gall-bladder,  seldom 
in  the  biliary  ducts,  although  they  may  be  transported  to  the  latter 
situation.  The  nucleus  of  a  stone,  when  present,  is  generally  a 
mass  of  bacteria  or  desquamated  epithelial  cells,  rarely  a  blood  dot 
or  other  foreign  body.  There  may  be  a  single  stone  or  many 
hundreds  of  stones.  When  multiple  they  are  faceted  from  mutual 
pressure.  The  size  varies  from  that  of  a  scarcely  visible  particle 
up  to  that  of  a  goose  egg.  They  are  composed  of  cholesterin, 
calcium  salts,  or  bile  pigments,  or,  more  often,  of  various  com- 
binations of  these  substances.  Five  forms  may  be  noted,  (i)  The 
cholesterin-hilirubin-calcium  stones  with  the  cholesterin  predominat- 
ing, are  those  usually  found  in  the  gall-bladder.  They  are  often 
soft  and  friable,  and  may  be  round  (if  single),  tetrahedral,  or  pre- 
senting multiple  facets.  A  barrel-shaped  concretion  may  be  formed 
in  the  ducts.  The  appearance  varies  with  the  constituents.  If 
there  is  a  shell  of  cholesterin  the  stone  is  smooth,  grey,  pearly,  and 
shining;  if  of  bilirubin-calcium,  greenish-brown;  if  of  carbonate  <rf 
calcium,  hard,  white,  and  smooth  or  nodulated.  On  section  the 
stone  shows  alternating  light  and  dark  concentric  lamins.  There 
is  often  a  soft  and  greasy  nucleus.  Stones  of  this  sort  are  said  to 
occur  when  infection  is  the  primary  cause.  (2)  Pure  cholesterw 
stones  are  found  chiefly  in  the  gall-bladder  and  common  duct.    They 
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are  greasy,  light  in  weight,  round  or  oval,  smooth  or  nodular,  clear 
or  slightly  yellowish,  moderately  soft,  and  almost  translucent. 
The  cut  surface  glistens  and  shows  radiating  striations.  These 
calculi  are  the  result  of  obstruction,  grow  slowly,  and  may  take 
years  to  reach  the  size  of  a  cherry.  (3)  Pure  hilirubin-calcium 
stones  are  dark  green  or  black,  hard,  nodular,  occasionally  spiculated, 
often  numerous,  and  seldom  larger  than  a  pea.  They  are  usually 
formed  in  the  smaller  ducts  of  the  liver.  (4)  Pure  calcium  carbonate 
stones  (small,  white,  hard,  heavy,  and  nodular)  alid  (5)  pure  bilirubin 
stones  (small,  friable,  round  or  angular,  yellow,  green,  or  black, 
and  light  in  weight)  are  very  rare. 

The  sjrmptoms  vary  with  the  position  of  the  stones  and  the 
condition  of  the  biliary  apparatus,  and  these  variations  will  be 
described  after  a  general  consideration  of  the  clinical  features  of 
cholelithiasis.     The    symptoms   are    caused    by    inflammation    or 
obstruction,   or  both.     The  most   important   local   symptoms   of 
inflammation  are  pain,  tenderness,  and  rigidity  of  the  upper  right 
rectus;  the  general  symptoms,  those  of  sepsis.     The  chief  local 
symptoms  brought  about  by  obstruction  are  pain,  tenderness,  and 
swelling  of  the  gall-bladder,   liver,  pancreas,   and   indirectly  the 
spleen;   the  general   changes,   those  of  jaundice.     Reflex  gastro- 
intestinal disturbances  may  be  due  to  either  inflammation  or  ob- 
struction in  the  biliary  tract.     Biliary  colic  is  caused  by  acute 
transient  obstruction  of  one  of  the  ducts,  usually  the  result  of  the 
passage  or  the  attempted  passage  of  a  stone  or  plug  of  mucus,  but 
sometimes  the  result  of  other  causes,  e.g.,  inflammatory  swelling 
of  the  mucosa,  parasites,  distension  of  the  duodenum,  and  kinking 
of  the  ducts  from  adhesions  or  ptosis  of  the  liver  or  the  kidney. 
In  a  severe  case  there  is  sudden  excruciating  pain  in  the  epigastrium 
or  the  right  hypochrondrium,  which  radiates  to  the  back  and  the 
right   shoulder,  and  is  accompanied  by  vomiting,  sweating,  and 
sometimes  collapse.     Death  is  possible,  but  rare.     Intestinal  paraly- 
sis is  an  occasional  concomitant.     The  attack  lasts  from  a  few  hours 
to  several  days,  the  pain  leaving  as  suddenly  as  it  came,  if  the  stone 
passes  or  which  is  more  frequent,  drops  back  into  the  gall-bladder. 
Gradual    onset    and    slow    subsidence     indicate    a    Icxlged    stone. 
Jaundice  may  follow  in  from  12  to  24  hours  or  longer,  trom  the 
passage  of  the  calculus  through,  or  its  retention  in,  the  common 
duct,    or   from   inflammatory   obturation   of   this   canal.     Typical 
biliary  colic  occurs  in  about  25  per  cent,  of  the  cases  of  cholelithiasis.   ' 
Between  the  attacks  there  may  be  complete  relief;  or,  if  there  is  a 
lodged  stone  or  a  chronic  cholecystitis,  dull  pain  radiating  from 
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the  right  hypochondrium  to  the  epigastrium,  around  to  the  back 
and  up  to  the  right  scapula.     In  these  cases  tenderness  may  be 
elicited    between    the    ninth  costal    cartilage  and   the  umbilicus 
(Robson's  point,  Fig.  376),  or  by  pressing  the  hand  well  up  beneath 
the  right  costal  arch  and  asking  the  patient  to  take  a  full  breath, 
which  is  abruptly  checked  by  acute  discomfort.     The  gall>bladder, 
when  enlarged  and  distended,  may  be  felt  immediately  below  the 
ninth  costal  cartilage,  or,  if  the  liver  is  enlarged,  at  a  lower  poiDt 
The  swelling  is  smooth,  oval,  tense,  and  moves  with  respiration; 
dulness  on  precussion  is  seldom  present  unless  the  tumor  is  very 
large.     Gall-stone  crepitus  on  manipulation  of  the  gaU-bladder  is  a 
surgical  curiosity.    Jaundice  is  a  symptom  of  cholelithiasis  in  only 
20  per  cent,  of  the  cases.     The  color  of  the  skin  varies  with  the 
degree  of  the  obstruction,  from  a  light  lemon  yellow  in  catarrhal 
jaundice,  to  a  deep  olive  or  bronzed  hue  in  chronic  complete  oc- 
clusion of  the  choledochus.    Recurring  jaundice  is  produced  by 
only  two  diseases,  cholelithiasis  and  chronic  pancreatitis,  and  in 
the  latter  the  icterus  is  generally  remittent  rather  than  intermittent. 
The  important  phases  of  obstructive  jaundice  from  a  surgical  stand- 
point are  its  effects  on  the  gall-bladder  (vide  infra),  the  liver  (swell- 
ing, cirrhosis,  degeneration,  and,  if  there  is  infection,  cholangitis, 
and  possibly  abscess),  the  pancreas  (pancreatitis),  the  spleen  (en- 
largement secondary  to  hepatic  cirrhosis),  the  kidneys  (choluria, 
cholemic  nephritis,  although  the  latter  is  probably  due  more  to 
infection  than  to  the  elimination  of  bile),  the  stools  (clay  colored 
from  lack  of  bile  and  increase  of  fat),  and  the  blood  (si>ontaneous 
bleeding,    difficult    and    uncertain    hemostasis    after    oj>eration, 
cholemia).     Cholemia  refers  to  the  toxic  effects  of  icterus.    The 
clinical  features  are  somewhat  similar  to  those  of  acute  yellow 
atrophy  of  the  liver.     The  patient  has  a  dry  tongue  and  fe\er, 
becomes  stupid  or  delirious,  and  succumbs  in  coma,  occasionally 
preceded  by  convulsions.     In  many  of  the  cases,  however,  the  cause 
of  the  symptoms  is  a  mixed  one,  since  there  are  at  least  three  sources 
for  the  toxemia,  the  liver  (cholemia),  the  kidneys  (uremia),  and  the 
infection  (septic  intoxication  or  septicemia),  the  last  of  which  is, 
in  itself,  capable  of  producing  hemolysis  and  jaundice.     The  gas- 
trointestinal symptoms  are  indigestion,  pylorospasm,  cardiospasm 
(vide  infra) ,  and  intestinal  paralysis  from  biliary  colic  (vide  sapra) 
or  peritonitis.     Gall-stone  ileus  has  been  described  under  "Intestinal 
Obstruction. ' '    Examination  of  the  stomach  contents  may  reveal  hy- 
perchlorhydria,  but  in  many  cases  the  amount  of  hydrochloric  add  is 
normal  or  below  normal.    By  means  of  the  duodttial  tube  Lyon  asp- 
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rates  the  contents  of  the  duodenum  which  can  then  be  studied  chem- 
ically, bacteriologically,  and  cytologically.  Visible  bile  cannot  be 
recovered  from  the  fasting  duodenum.  If  100  c.c.  of  a  25  per  cent, 
solution  of  magnesium  sulphate  are  injected  through  the  tube  the 
common  duct  sphincter  relaxes  and  the  gall-bladder  contracts^  after 
which  the  first  specimen  of  bile  obtained  comes  from  the  common 
duct,  the  second  from  the  gall-bladder,  and  the  third  from  the  liver. 
In  choledochitis  and  cholecystitis  the  bile  is  viscid  from  an  excess  of 
mucus,  turbid  from  pus  and  epithelial  cells,  and  contains  bacteria. 
In  cholelithiasis  there  may  be,  in  addition,  crystals  of  bile  salts 
(Lyon).  The  blood  may  show  a  leukocytosis  (in  infection),  an 
increase  in  the  coagulation  time  (in  jaundice),  or  hypercholesterin- 
emia.  An  increase  in  the  cholesterol  content  of  the  blood,  i.e., 
above  200  m.g.  in  100  c.c,  occurs  in  so  many  conditions,  other  than  gall- 
stones (vide  supra) ,  that  the  value  of  this  test  is  much  impaired .  The 
urine  may  show  bile  (in  jaundice)  or  albumen  and  casts  (in  nephritis) . 
The  stools  are  clay  colored  in  duct  obstruction,  because  of  the  lack 
of  bile  and  an  increase  of  fat.  Sometimes  a  gall-stone  is  found; 
if  faceted  it  indicates  that  other  stones  have  been  or  are  in  the 
biliary  tract.  The  X-ray  density  of  gall-stone  shadows  depends 
upon  the  amount  of  calcium  salts  present.  A  ring  like  shadow 
mdicates  a  calculus  with  a  shell  of  calcium  salts.  Pure  cholesterin 
stones  are  less  dense  than  the  bile  and  give  the  same  appearance 
as  bubbles  of  air.  A  thick  walled  gall-bladder  or,  after  a  barium 
meal,  an  internal  fistula  can  sometimes  be  demonstrated  in  a  skia- 
gram. Owing  to  the  number  of  cases  (50  per  cent.)  in  which  the 
stones  do  not  show,  X-ray  examination  in  cholelithiasis  is  of  value 
chiefly  to  exclude  other  conditions,  e.g.,  renal  calculi,  gastric  or 
duodenal  ulcer.  The  clinical  features  of  cholelithiasis  vary  according 
to  the  state  of  the  biliary  tract,  and  particularly  according  to  whether 
the  calculi  are  in  (i)  the  gall-bladder,  (2)  the  cystic  duct,  (3)  the 
upper  or  (4)  lower  common  duct,  or  (5)  the  hepatic  duct. 

I.  Stones  in  the  gall-bladder  (a)  without  symptoms  may  occur, 
so  long  as  there  is  no  inflammation  or  obstruction.  However,  the 
number  of  such  cases,  at  one  time  thought  to  be  large,  is  diminishing 
rapidly  since  so-called  digestive  disturbances  are  more  often  investi- 
gated by  operation,  (b)  Chronic  cholecystitis ,  with  or  without  calculi, 
gives  rise  to  *' qualitative  food  dyspepsia,"  which  occurs  after  eating 
fatty  and  gas-producing  foods.  Thus  the  common  duct  may  be 
compressed  by  the  distended  duodenum,  and  the  subsequent  expan- 
sion of  the  gall-bladder  causes  pain  (C.  H.  Mayo).  Physiologic 
dilatation  of  the  gall-bladder,  owing  to  the  increased  secretion  of 
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bile  after  meals,  also  may  cause  distress.     Reflex  pylorospasm  leads 
to  vomiting  which  relieves  the  pain.     Cardiospasm  is  much  less 
frequent.     Severe  biliary  colic  is  generally  due  to  stones,  mild  colic 
from  the  passage  of  plugs  of  mucus  or  thick  bile.     In  about  one-third 
of  the  cases  of  chronic  cholecystitis,  calculi  are  absent.     Pericystic 
adhesions,  likewise,  may  cause  colic  after  distension   of  the  gall 
bladder,  or,  according  to  their  attachments,  after  distension  of  the 
stomach,  duodenum,  or  colon.    W.  J.  Mayo  states  that  in  simple 
gall-stone  colic  the  pain  is  felt  in  the  epigastrium,  and  that  pain  in  the 
region  of  the  gall-bladder  is  an  indication  of  disease  of  the  walls  of 
this  viscus;  when  this  occurs  the  patient  does  not  obtain  complete 
relief  between  attacks.    Tenderness  can  almost  always  be  elicited 
over  the  gall-bladder,  which  is  sometimes  covered  by  a  linguiform 
projection  of  the  anterior  edge  of  the  liver  (Riedel's  lobe).     Remote 
lesions,   like  endocarditis  and  arthritis,  have  been  attributed  to 
chronic  cholecystitis.     The  disease  may  be  confused  with  gastric  or 
duodenal  ulcer,  intestinal  colic,  chronic  appendicitis,  floating  kidney, 
and  epigastric  hernia,     (c)  Carcinoma  of  the  stone-containing  gall- 
bladder is  hard,  uneven,  and  only  slightly  painful.     There  are  at 
first  digestive  disturbances,  and,  later,  cachexia,  and  jaundice  and 
ascites  from  invasion  of  the  portal  glands. 

2.  Stone  in  the  cystic  duct  or  pelvis  of  the  gall-bladder,  causing 
obturation,  may  be  associated  with  (a)  acute  cholecystitis,  (b)  empy- 
ema, (c)  gangrene,  or  (d)  hydrops,  (a)  Acute  cliolecysiiiis  (catarrhal 
and  interstitial)  is  accompanied  by  pain,  tenderness,  and  muscular 
rigidity  in  the  region  of  the  gall-bladder,  which  is  distended  and  often 
palpable.  Vomiting  and  constipation  are  usually  present.  Jaun- 
dice may  occur  from  extension  of  the  inflammation  to  the  other  ducts, 
or  from  the  pressure  of  a  large  stone  or  lymph  gland  on  the  commoner 
the  hepatic  duct.  There  is  fever  with  leukocytosis.  The  disease  is 
most  often  confounded  with  acute  appendicitis,  occasionally  with 
one  of  the  other  conditions  resembling  appendicitis  (q.  v.).  (b)  In 
empyema  of  the  gall-bladder  the  symptoms  are  the  same  in  kind  but 
of  greater  degree.  Palpation  of  the  gall-bladder  may  be  impossihk 
owing  to  the  muscular  rigidity.  Perforatiofty  with  pericystic  abscess, 
is  usually  not  diagnosticated  before  operation.  Perforation  into  the 
free  peritoneal  cavity  causes  a  generalized  peritonitis  with  bilious 
ascites.  Bilious  ascites  without  a  discoverable  leak  in  the  biliary 
tract  has  been  attributed  to  a  microscopic  perforation,  a  perforatioft 
that  has  closed,  rupture  of  the  intrahepatic  ducts,  postperitoneil 
rupture  of  the  common  or  the  hepatic  duct,  with  subsequent  niptaft 
into  the  peritoneum,  or  to  filtration  of  the  bile  through  the  walls  of  tk 
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gall-bladder  or  ducts  (Buchanan),  (c)  Gangrene  may  be  suspected 
if  the  pain  suddenly  abates  and  the  other  symptoms  persist  and  grow 
worse,  but  as  a  rule  the  condition  cannot  be  differentiated  symptoma- 
tologically  from  empyema,  (d)  Hydrops  cystidis  felleae  may  present 
no  symptoms  except  the  tumor.  However,  pain  and  Riedel's  lobe 
may  be  in  evidence.  The  swelling  may  be  mistaken  for  a  floating 
kidney  or  a  renal  tumor,  especially  hydronephrosis,  which  may  be 
globular  and  give  no  urinary  changes.  An  enlarged  gall-bladder  is 
more  movable  from  side  to  side,  immediately  returns  when  depressed 
toward  the  back,  merges  with  the  liver,  both  on  percussion  and  palpa- 
tion, and  does  not  extend  through  to  the  loin.  The  upper  end  of  a 
renal  tumor  can  often  be  felt  and  the  hand  pushed  in  between  the 
kidney  and  the  liver.  The  kidney  springs  from  the  loin  and  is 
crossed  by  a  band  of  tympany  (colon).  Further  differentiation  is 
often  possible  by  means  of  the  ureteral  catheter  and  pyelography. 
3.  Stone  in  the  upper  common  duct  causes  (a)  acute  or  chronic 

(b)  incomplete  or  complete  obstruction,  (a)  Acute  transient  obstruc- 
tion produces  typical  biliary  colic,  with  transient  jaundice,  (b) 
Chronic  obstruction  due  to  stone  is  usually  incomplete  and  often  inter- 
mittent, hence  the  jaundice  varies  in  intensity  in  different  individuals 
and  frequently  in  the  same  individual.  The  color  is  yellow  and 
never,  as  in  malignant  occlusion,  olive  green  or  deep  brown.  Accord- 
ing to  Mayo  about  30  per  cent,  of  the  patients  are  without  jaundice 
when  they  come  under  observation.  The  pain  and  tenderness  are 
near  the  middle  line.  Chills,  followed  by  high  fever,  and  sweating 
[Charcots  intermittent  fever)  occur  at  irregular  intervals,  owing  to  an 
increase  in  the  cholangitis  induced  by  movements  of  the  calculus  or 
temporary  inflammatory  obturation.  Emaciation  is  often  a  promi- 
nent feature.  The  liver  and  sometimes  the  spleen  are  enlarged. 
The  ducts  above  the  obstruction  dilate,  and  may  become  varicose 
or  form  cystic  diverticula.  Such  cysts,  when  in  the  extra  hepatic 
ducts  or  when  presenting  on  the  surface  of  the  liver,  may  rupture, 
causing  a  bilious  ascites  (vide  supra).  Rarely  does  a  cyst  of  this 
character  attain  a  large  size,  although  an  enormous  dilatation  of  the 
biliary  passages,  forming  a  cavity  the  size  of  a  child's  head,  has  been 
reported.  The  gall-bladder  is  at  first  distended,  but  later,  in  80 
per  cent,  of  the  cases,  it  grows  smaller  and  smaller,  because  of  chronic 
inflammation,  and  because  the  obstruction  is  often  incomplete  or 
intermittent  and  the  bladder  is  constantly  contracting  to  empty  itself. 

(c)  Complete  obstruction  is  almost  always  due  to  tumor,  generally  a 
carcinoma  of  the  pancreas  or  the  stomach.  However,  stricture 
from  gall-stone  ulceration  or  choledochotomy  and  accidental  ligation 
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of  the  common  duct  during  a  cholecystectomy  sometimes  occur. 
Obstruction  due  to  carcinoma  presents  a  marked  contrast  to  that  due 
to  stone.  In  the  former  there  is  persistent  deep  green  or  brown 
jaundice,  with  no  fever,  and  slight  pain.  The  gall-bladder  is  usually 
distended,  whereas  in  chronic  stone  obstruction  it  is  usually  shrimkcn 
{Counmsicr's  lau). 

4 .  Stone  in  the  lower  common  duct  presents  the  same  symptoms 
as  in  the  upper  common  duct,  except  that  pancreatic  involvement 
is  much  more  likely  to  occur.  A  stone  in  the  ampulla  of  Vater  may 
cause  pancreatic  stasis,  and  regurgitation  of  infected  bile  into  the 
pancreatic  duct;  in  the  pancreatic  segment  of  the  choledochus,  pan- 
creatic retention  from  pressure  on  the  canal  of  Wirsung.  Tk 
diseased  pancreas  itself  may,  in  turn,  compress  and  occlude  the  com- 
mon duct. 

5.  Impaction  of  a  stone  in  the  hepatic  duct  is  very  rare.  Tie 
symptoms  are  identical  with  those  of  occlusion  of  the  common  duct 
except  that  the  gall-bladder  is  never  distended. 

All  of  the  important  complications  of  cholelithiasis,  except  pneu- 
monia and  pleural  empyema,  have  been  mentioned  above. 

The  treatment  of  hepatic  colic  is  the  application  of  heat  and  the 
subcutaneous  administration  of  morphin  and  atropin.  For  the 
medical  treatment  of  cholelithiasis  the  reader  is  referred  to  a  text- 
book on  medicine.  Gall-stones  are  unaffected  by  drugs  and  the  aim 
of  the  physician  is  to  cure  the  catarrhal  inflammation  and  pre\tiit 
the  formation  of  other  stones.  Medical  treatment  is  indicated 
in  cases  in  which  operation  would  be  too  dangerous  because  of  the 
presence  of  some  independent  affection.  In  all  otiier  cases  surgiol 
treatment  should  be  advised.  In  the  early  stages  removal  of  th 
stones  is  easy  and  safe;  after  the  development  of  complications, bo4 
the  difficulties  and  the  danger  are  vastly  increased. 

Operations  on  the  biliary  passages  are  greatly  facilitated  I9 
placing  a  sand  bag  beneath  the  spine,  in  order  to  push  the  liver  i» 
ducts  forward  and  allow  the  intestines  to  tall  away  from  the  field » 
operation.     In  the  presence  of  chronic  jaundice  there  is  great  dan|? 
of  persistent  and  uncontrollable  hemorrhage.     In  order  to  avert  thb 
catastrophy,  the  patient  may  be  given  blood  by  transfusion,* 
horse  serum  hypodermatically;  Robson  advises  the  oral  administH" 
tion  of  30  grains  of  calcium  chlorid  daily  for  several  days  precedBf 
operation,  and  60  grains  per  rectum  for  a  few  days  after  o] 
The  same  author  op>ens  the  abdomen  through  the  middle  of  the 
rectus  muscle,  continuing  the  incision  upwards  and  inwards  along 
costal  margin  as  far  as  the  ensiform  if  more  room  is  desired. 
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gains  a  wide  exposure,  at  the  same  time  preserving  the  nervous 
supply  to  the  rectus,  by  making  an  incision  close  to  the  median  line 
from  the  ensiform  nearly  to  the  umbilicus,  thence  outward  at  right 
angles  as  far  as  the  costal  margin.  In  order  to  prevent  retraction 
the  rectus  muscle  is  fastened  to  its  anterior  sheath  before  division, 
and  the  rectangular  musculocutaneous  flap  turned  up  from  the  pos- 
terior sheath  and  the  peritoneum,  which  are  opened  by  an  oblique 
incision.  The  stomach,  the  duodenum,  the  liver,  the  pancreas,  and 
the  appendix  should  be  palpated,  unless  by  so  doing  there  is  danger 
of  disseminating  infection.  After  packing  off  the  stomach  and 
intestines,  and  separating  any  adhesions  which  may  be  present, 
the  gall-bladder  and  cystic  duct  may  be  investigated,  and  a  finger 
passed  through  the  foramen  of  Winslow,  in  order  to  explore  the 
supraduodenal  segment  of  the  common  duct.  The  rest  of  the 
operation  depends  upon  (i)  the  local  conditions  found  and  (2)  the 
general  state  of  the  patient. 

The  indications  for  cholecystostomy  and  cholecystectomy  are 
much  debated,  hence  the  statements  made  below  do  not  agree  with 
the  conclusions  of  all  teachers. 

I.  The  local  condition  of  {a)  the  gall-bladder  influences  the  decision 
considerably  with  many  surgeons.  Since,  in  the  absence  of  complica- 
tions, the  mortality  of  the  two  operations  is  almost  equal,  and  after 
cholecystectomy  the  convalescence  is  quicker  and  smoother,  and  the 
recovery  much  more  likely  to  be  permanent,  we  remove  the  gall- 
bladder in  all  cases  in  which  the  disease  is  confined  to  this  viscus, 
unless  the  difficulties  of  the  operation  promise  to  be  so  great  as  to 
cancel  its  normal  superiority  over  cholecystostomy.  If  the  symp- 
toms are  those  of  cholecystitis  g.nd  the  gall-bladder  looks  normal,  it 
should  be  excised,  if  the  lymph  glands  along  the  ducts  are  enlarged 
and  there  is  no  lesion  in  the  stomach,  the  duodenum,  or  the  pancreas 
to  account  for  the  lymphadenitis.  We  have  sutured  a  stab  wound  of 
the  gall-bladder,  but  in  a  severe  laceration  would  probably  perform 
cholecystectomy.  (6)  Obstruction  of  the  cystic  duct  from  any  cause 
demands  cholecystectomy,  unless  the  patient  is  very  ill,  when  a  quick 
cholecystostomy  should  be  performed,  and  the  gall-bladder  removed 
after  the  patient  has  regained  strength,  {c)  In  biliary  fistula  follow- 
ing injury  to  the  common  ductj  and  in  irremovable  obstruction  to  the 
choledochus,  e.g.,  from  carcinoma,  chronic  pancreatis,  cicatricial 
stricture,  or  rarely  calculus,  the  bile  may  be  diverted  through  the 
gall-bladder  to  the  skin,  the  stomach,  or  the  intestine.  In  chole- 
dochotomy  the  gall-bladder  is  of  service  in  drawing  up  the  common 
duct,  and,  if  drained,  reduces  the  tension  on  the  suture  line  in  the 
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duct.  If  the  common  duct  is  drained  instead  of  sutured,  and  a 
cholecystectomy  then  performed,  there  is  more  risk  of  dislodging 
the  tube  in  the  common  duct  and  soiling  the  peritoneum.  However, 
in  many  of  these  cases  we  prefer  cholecystectomy  to  cholecystostomy. 
In  performing  cholecystectomy  one  must  be  sure  the  common  duct  is 
patent,  or  can  be  made  so.  (d)  In  suppurative  cholangitis  the  gall- 
bladder and  the  common  duct  should  be  drained,  (e)  Acute  pan- 
creatitis demands  cholecystostomy.  In  chronic  pancreatitis  with 
jaundice  the  bile  may  be  diverted  as  in  irremovable  obstruction  to 
the  choledochus.  In  chronic  pancreatitis,  with  gall-bladder  disease 
and  without  jaundice,  cholecystectomy  may  be  performed. 

2.  If  the  patient  is  in  poor  condition 
from  any  cause,  e.g.,  age,  sepsis,  or  an  in- 
dependent  affection ,  cholecystostomy 
should  be  chosen  rather  than  cholecystec- 
tomy. When  gall-stones  are  discovered 
during  a  laparotomy  for  .some  other  condi- 
tion, according  to  the  nature  of  the  condi- 
tion and  the  general  state  of  the  patient 
the  gall-bladder  may  be  drained  or  removed. 
In  cholecystostomy  the  gall-bladder  is 
drawn  into  the  wound,  aspirated,  an  incision 
made  in  the  fundus,  and  the  stones  removed 
with  the  finger,  forceps,  or  a  scoop.  A 
rubber  tube  is  sutured  in  the  gall-bladder 
.    _  with  catgut,  the  edges  of  the  gall-bladder 

Fig.  443 —A.  Mattress  su-    .  ^     ,  ,   ^,    ^    ,       ,        j  .      .> 

tore  everting  the  skin.    B.  mvertcd  arouud  the  tubo  by  depressmg  it. 
t'Lr:iTs'?f  the^g'iilSr^^^^^^^^^  andapurse-stringsutureappliedtomaintain  I. 
c.  Suture  through  the  tube  the  inversion,  thus  making  a  tight  joint 

and  the  gall-bladder.  n.  •  ii      i        -.  a.a.  i.  .«  aI 

It  is  well  also  to  pass  a  mattress  suture  oi 
catgut  through  the  skin  around  the  tube,  so  as  to  prevent  inversion 
of  the  cutaneous  margin  on  which  the  tube  rests  (Fig.  443).  The 
tube  should  be  long  enough  to  drain  into  a  receptacle  at  the  side 
of  the  bed.  When  the  catgut  has  been  absorbed  the  tube  is  ready 
to  be  removed.  The  mortality  of  cholecystostomy  for  gall-stones 
is  I  to  2  per  cent.  The  biliary  fistula  left  after  removing  the  tube 
should  close  spontaneously.  A  persistent  fistula  discharging  bik 
is  due  to  obstruction  of  the  common  duct;  discharging  mucus  to 
blocking*  of  the  cystic  du(5t;  in  either  case  a  secondary  operation 
is  required.  In  former  days  a  biliary  fistula  sometimes  follow^ 
suturing  of  the  gall-bladder  to  the  skin. 

Cholecystectomy  is  preceded  by  aspiration  of  the  gall-bladdtfi 
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if  it  is  much  distended.  The  gall-bladder  and  the  anterior  edge  of  the 
liver  are  pulled  downward,  rotated  outward  through  the  wound, 
and  held  by  an  assistant,  thus  making  taut  the  hepatoduodenal 
ligament,  which  is  further  exposed  by  drawing  up  the  neck  of  the 
gall-bladder  with  forceps,  opened  by  a  small  incision,  and  the  cystic 
duct  isolated,  clamped  with  forceps,  ligated  below  the  forceps,  and 
divided  between  the  forceps  and  the  ligature.  The  cystic  artery  is 
next  treated  in  the  same  manner.  The  common  duct  should  be  seen, 
otherwise  there  is  danger  of  ligating  or  cutting  it.  The  peritoneal  re- 
flection from  the  liver  is  split  on  each  side  of  the  gall-bladder,  and  the 
gall-bladder  removed  from  within  outwards  by  blunt  dissection.  The 
I>eritoneal  flaps  are  then  stitched  together,  any  oozing  from  the  liver 
being  checked  by  sutures  or  gauze  packing.  If  bleeding  is  controlled 
absolutely,  drainage  may  be  omitted.  If  drainage  of  the  biliary 
apparatus  is  required,  the  cystic  artery  alone  may  be  ligated,  and  a 
rubber  tube  sutured  to  the  end  of  the  open  cystic  duct  with  catgut, 
or  a  choledochotomy  may  be  performed.  The  mortality  of  chole- 
cystectomy for  uncomplicated  gall-stones  is  from  i  to  2  per  cent. 

Owing  to  the  action  of  the  sphincter  at  the  lower  end  of  the  chole- 
dochus  the  bile  is  normally  discharged  into  the  duodenum  intermit- 
tently, and  accumulates  in  the  gall-bladder  during  the  intervals. 
After  cholecystectomy  the  sphincter  continues  to  act  in  this  manner, 
and  the  extrahepatic  ducts  dilate  until  they  contain  as  much  bile  as 
the  gall-bladder,  or,  more  often,  until  the  sphincter  itself  becomes 
dilated  (Judd  and  Mann).  Thus  is  explained  the  dilatation  of  the 
choledochus  observed  also  after  obstruction  to  the  cystic  duct,  and 
the  dilatation  of  the  stump  of  the  cystic  duct  ("new  gall-bladder" 
that  is  sometimes  found  after  removal  of  the  gall-bladder). 

Cholecystogastrostomy  consists  in  the  formation  of  a  fistula 
between  the  gall-bladder  and  the  stomach ;  cholecystenterostomy, 
between  the  gall-bladder  and  the  duodenum,  jejunum,  or  colon. 
These  operations  may  be  employed  in  biliary  fistula  depending  on 
stricture  or  other  permanent  occlusion  of  the  common  duct;  in 
cancer  of  the  head  of  the  pancreas  or  common  duct  leading  to  chronic 
jaundice;  in  chronic  pancreatitis  with  jaundice;  and  rarely  in  gall- 
stone impacted  in  the  ducts,  when  the  common  duct  cannot  be 
exposed  and  the  patient  is  in  no  condition  to  stand  a  prolonged 
operation.  The  operation  is  performed  by  means  of  the  Murphy 
button  or  by  simple  suturing  (vide  infra). 

Cysticotomy  is  incision  into  the  cystic  duct,  usually  for  the 
removal  of  a  calculus  which  cannot  be  pushed  backwards  into  the 
gall-bladder.    The  duct  may  be  sutured  with  catgut  or  drained  with 
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a  rubber  tube.     In  almost  all  cases  of  obstruction  to  the  cystic  duct 
cholecystectomy  is  the  better  operation. 

Choledochotomy  is  incisioni  nto  the  common  duct,  for  the  removal 
of  a  stone  {choledocholiihotomy)  y  or  for  the  purpose  of  drainage  in 
cholangitis.     When  the  stone  lies  in  the  supraduodenal  portion  of  the 
duct,  which  is  about  three-fourths  of  an  inch  in  length  and  runs  m  the 
right  edge  of  the  gastro-hepatic  omentum,  it  is  brought  forward  by  a 
finger  in  the  foramen  of  Winslow.     The  portal  vein  and  hepatic 
artery  lie  to  the  left.    After  opening  the  hepatoduodenal  ligament, 
the  choledochus  is  incised  longitudinally,  the  stone  removed,  and  a 
finger  or  a  probe  passed  up  into  the  hepatic  duct  and  then  down  as 
far  as  the  duodenum,  to  make  sure  that  there  are  no  other  calculi. 
If  one  is  certain  that  no  stones  have  been  left  the  incision  in  the 
choledochus  may  be  closed,  and  a  small  gauze  drain  placed  in  the 
vicinity  of,  but  not  in  contact  with,  the  suture  line,  so  as  to  pro\ide 
for  leakage,  should  it  occur.     The  sutures  may  be  inserted  before 
the  stone,  which  acts  as  a  guide,  is  removed.    If  the  stones  are  soft, 
friable,  or  multiple,  or  there  is  a  cholangitis,  a  rubber  drainage  tube 
should  be  passed  up  into  the  hepatic  duct,  sutured  with  catgut  to  the 
incision  in  the  choledochus,  and  the  superfluous  portion  of  the  wound 
in  the  common  duct  closed.     Crushing  of  the  stone  without  opening 
the  duct  {choledocholithotrUy) ,  or  breaking  it  up  by  the  insertion  of  a 
needle,  is  unsatisfactory,  because  fragments  are  often  left  behind. 
Occasionally  a  stone  in  the  common  duct  may  be  manipulated  back 
into  the  gall-bladder;  it  should  never  be  forced  towards  the  duo- 
denum.    The  retroduodenal  portion  of  the  common  duct  is  about 
two  inches  in  length,  runs  in  or  on  the  pancreas,  and  cannot  be 
palpated  without  loosening  the  duodenum  and  turning  it  inwards. 
Stones  in  this  situation  may  be  removed  by  an  incision  in  the  upper 
portion  of  the  duct,  or,  when  occupying  the  lower  third  of  the  chole- 
dochus, especially  if  impacted  in  the  diverticulum  of  Vater,  a  du(h 
deno-choledochotomy  may  be  performed.     The  anterior  wall  of  the 
duodenum  is  opened,  and  the  stone  removed  by  enlarging  the  papilla, 
or  by  incising  directly  down  upon  it  through  the  posterior  wall  of 
the  gut.     The  incision  in  the  anterior  wall  of  the  duodenum  is  then 
sutured;  it  is  not  necessary  to  place  sutures  in  the  posterior  wall. 
The  mortality  of  choledocholithotomy  is  lo  per  cent. 

Hepaticotomy,  or  incision  into  the  hepatic  duct,  has  the  same 
indications  as  choledochotomy,  but  is  seldom  performed. 

According  to  the  situation  of  an  irremovable  obstruction  a 
fistula  may  be  established  between  an  incision  in  the  liver  and  the 
intestine  {hepaticocholangioenterosiomy)^  stomach  {choianpagadir^'' 
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iomy),  or  skin  {cholangiosiomy)\  between  the  common  duct  and  the 
intestine  {choledochoenterostomy) ,  stomach  {choledochogasifosiomy)^ 
or  skin  (ckoledochostomy);  or  between  the  gall-bladder  and  the 
intestine,  stomach,  or  skin  (vide  supra).  Operations  connecting 
the  biliary  apparatus  with  the  stomach  are  to  be  preferred  in  irreihov- 
able  obstruction,  since  the  bile  is  not  lost,  as  in  an  external  fistula; 
there  is  not  the  same  danger  of  ascending  infection  as  in  an  intestinal 
fistula;  and  the  bile  emptied  into  the  stomach  does  not  interfere  with 
digestion.  When  all  the  bile  escapes  externally  anorexia  and  emacia- 
tion may  occur;  in  these  cases  the  bile  can  be  collected  and  given  by 
mouth.  Eliot  mentions  the  possibility  of  osteoporosis  from  pro- 
longed excessive  loss  of  bile. 

Choledochoplasty,  or  the  reconstruction  of  the  common  duct, 
may  be  attempted,  instead  of  the  operations  just  described,  when 
the  irremovable  obstruction  is  benign,  e.g.,  a  cicatricial  stricture. 
Incision  of  the  stricture  is  only  of  temporary  benefit.  Excision  with 
end-to-end  anastomosis  is  probably  the  best  procedure,  when  appli- 
cable. A  new  duct,  can  be  built  with  fascia,  peritoneum,  omentum, 
or  with  a  flap  derived  from  the  gall-bladder,  stomach,  intestine,  or 
abdominal  skin.  A  rubber  tube,  to  be  covered  later  with  omentum, 
can  be  sutured  into  the  two  stumps  of  the  duct,  or  into  the  upper 
stump  and  the  duodenum  (Sullivan).  The  tube  finally  passes  into 
the  bowel  and  leaves  a  fistulous  tract.  A  T-shaped  tube,  or  a  tube 
that  gains  exit  through  a  valvular  opening  in  the  duodenum  may 
be  employed,  the  tube  being  withdrawn  when  the  process  of  repair  is 
nearly  completed.  An  external  biliary  fistula  can  be  dissected  free 
except  for  its  inner  attachment,  and  anastomosed  with  the  lower 
portion  of  the  duct,  the  stomach,  the  duodenum,  or  a  segment 
of  unilaterally  excluded  intestine.  It  has  been  suggested  that  an 
artificial  choledochus  might  be  made  by  transplanting  the  appendix, 
or  a  piece  ot  artery,  vein,  or  ureter. 

THE  PANCREAS 

For  injuries  of  the  pancreas  see  "Injuries  of  the  Abdomen." 
Pancreatitis  is  due  to  trauma,  hematogenous  infection  in  general, 
infective  diseases,  infection  from  contiguous  structuers,  and  most 
frequently  to  ascending  infection  by  way  of  the  duct,  as  the  result  of 
catarrhal  inflammation  of  the  duodenum  or  cholelithiasis.  Ob- 
struction of  the  duodenal  papilla  by  a  stone  may  cause  pancreatic 
stasis  and  regurgitation  of  infected  bile;  a  stone  lodged  in  the  pan- 
creatic segment  of  the  common  duct  may  compress  the  canal  of 
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Wirsung  and  lead  to  pancreatic  retention,  thus  predisposing  to 
infection.  Archibald  says  the  primary  lesion  is  necrosis  of  the 
cells,  and  that  infection  is  secondary;  cultures,  excepting  of  frank 
abscesses,  are  usually  sterile.  He  thinks  the  conditions  for  the  pro- 
duction of  pancreatitis  are  a  chemical  change  in  the  bile,  resulting  in 
an  increase  of  its  salts;  and  a  rise  in  the  pressure  in  the  biliary  tract 
induced  by  hypersecretion,  or  by  spasm  of  the  common  duct  sphincter 
of  Oddi ;  this  spasm  may  be  due  to  h)rperacidity,  neighboring  ulcers, 
or  sudden  blocking  of  the  cystic  duct  by  stone  or  inflammation 
(see  ''Cholecystectomy")-  Although  the  disease  may  occur  at  any 
age,  it  is  most  common  during  or  after  middle  life.  Three  forms  are 
described,  the  acute,  the  subacute,  and  the  chronic. 

Acute  pancreatitis  is  associated  with  the  escape  of  pancreatic 
ferments  into  the  periductal  tissues.  The  trypsin  digests  the  walls  of 
the  blood  vessels  and  causes  bleeding  into  the  gland.  The  steapsin 
splits  the  fat  into  glycerin  and  fatty  acids,  the  former  being  absorbed, 
and  the  latter  precipitated  with  calcium  salts.  As  a  consequence 
there  are  small  yellowish-white  patches  (fat  necrosis)  in  and  on  the 
pancreas,  in  the  omentum  and  mesentery  and  occasionally  in  more 
remote  situations.  These  disseminated  areas  of  necrotic  fat,  which 
resemble,  superficially,  miliary  tubercles  or  metastatic  neoplastic 
nodules,  produce  a  peritonitis,  usually  aseptic,  occasionally  septic 
The  symptoms  are  sudden  violent  epigastric  pain,  vomiting,  constipa- 
tion, sometimes  slight  jaundice,  frequently  distention  of  the  abdo- 
men, and  the  usual  signs  of  collapse.  Owing  to  the  widespread  fat 
necroses  there  may  be  tenderness  over  the  whole  abdomen  and  in  one 
or  both  loins.  Death  may  occur  in  from  twenty-four  hours  to  one 
week.  Acute  pancreatitis  may  be  mistaken  for  intestinal  obstruc- 
tion, perforation  of  the  stomach  or  duodenum,  acute  cholecystitis 
(which  it  may  accompany),  appendicitis,  acute  gastritis  the  result  of 
swallowing  irritant  poisons,  and  acute  infection  of  the  kidney.  The 
progress  of  the  disease  is  so  rapid  that  the  stools  and  the  urine  seldom 
show  distinctive  signs  of  pancreatic  insufficiency  (see  "Chronic 
Pancreatitis"). 

The  treatment  is  drainage.  The  abdomen  will  usually  be  opened 
in  the  median  line  above  the  umbilicus  for  exploration.  The  pan- 
creas may  be  exposed  by  tearing  through  the  gastrohepatic,  or, 
better,  the  gastrocolic  omentum.  A  gauze  drain  may  then  be 
inserted  into  the  lesser  peritoneal  cavity.  It  is  seldom  necessary  to 
tie  the  vessels  in  the  pancreas,  as  the  loss  of  blood  is  not  the  cause  of 
death.  The  pancreas  may  be  drained  also  by  an  incision  in  the  loin, 
preferably  the  left,  the  drain  gaining  exit  below  the  lower  pole  of  the 
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kidney.  Cholecystostomy  is  indicated  if  there  be  gall-stones  or 
cholecystitis.  A  few  patients  have  recovered  with  this  form  of 
treatment. 

Subacute  pancreatitis  is  such  from  the  beginning,  or  follows  the 
acute  form  if  the  patient  survives,  the  symptoms  at  first  being  much 
the  same  but  less  severe.  At  a  later  period  suppuration  {suppurative 
pancreatitis)  or  gangrene  {gangrenous  pancreatitis)  may  occur,  with 
septic  symptoms,  viz.,  chills,  fever,  sweats,  rapid  emaciation,  and 
frequently  diarrhea  with  foul  smelling  or  bloody  stools.'  If  an 
abscess  forms,  the  sweUing  may  be  detected  in  the  epigastrium  or  in 
the  loin,  or  the  pus  may  gravitate  to  either  iliac  region.  The  progno- 
sis is  somewhat  less  gloomy  than  in  the  acute  form.  The  treatment 
is  drainage  by  one  of  the  routes  mentioned  above,  with  the  removal 
of  gall-stones  and  drainage  of  the  biliary  passages  if  there  be 
cholelithiasis. 

Chronic  pancreatitis  is  characterized  by  a  marked  increase  in  the 
connective  tissue,  which  causes  the  organ  to  become  large  and  hard. 
The  fibrosis  is  more  pronounced  between  the  lobules  (interlobular 
pancreatitis)  or  in  the  lobules  {interacinar  pancreatitis) ;  in  the  latter 
form,  which  is  less  common  than  the  interlobular  variety,  the  islands 
of  Langerhans  are  involved  and  glycosuria  is  present.  The  islands 
of  Langerhans  are  supposed  normally  to  manufacture  an  internal 
secretion  which  prevents  glycosuria.  The  sjrmptoms  are  emaciation, 
pain  after  eating,  paroxysms  of  pain  and  vomiting,  and  tenderness 
in  the  epigastrium.  The  pain  radiates  to  the  interscapular  region 
and  towards  the  left  shoulder.  The  pancreatic  point  of  Desjardin, 
which  corresponds  with  the  duodenal  opening  of  the  canal  of  Wirsung, 
and  which  is  supposed  to  be  the  point  of  greatest  tenderness,  is 
situated  from  5  to  7  cm.  from  the  umbilicus  on  a  line  running  to  the 
right  axilla  (Fig.  376).  Intermittent  jaundice,  when  present,  may 
be  due  to  gall-stones;  persistent  or  remittent  jaundice,  to  the  pressure 
of  the  contracting  pancreatic  tissue  on  the  common  bile  duct.  Rarely 
is  it  pK)ssible  to  outline  the  pancreas  by  palpation.  The  urine  may 
contain  sugar  (if  the  islands  of  Langerhans  are  involved),  fat,  glycerin 
derivatives  (Cammidge's  test),  calcium  oxalate  crystals,  indican,  bile, 
or  leucin  and  tyrosin.  An  excess  of  fat  and  muscle  fiber  may  be 
demonstrated  in  the  feces,  which  are  sometimes  acid  and,  even  when 
bile  is  present,  grayish-white  in  color.  When  salol  is  administered 
by  mouth  it  is  not  decomjyosed,  and  carbolic  and  salicyluric  acids  do 
not  appear  in  the  urine  {Sahli's  sign) .  In  most  cases  the  laboratory 
tests  for  pancreatic  insufficiency  are  negative,  and  in  many  the 
indurated  pancreas  is  discovered  only  during  a  routine  exploration 
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in  the  course  of  an  abdominal  operation.  The  treatment  is  removal 
of  gall-stones,  if  present,  the  nature  of  the  procedure  depending,  as 
previously  stated,  on  the  situation  of  the  stones  and  the  condition  of 
the  patient.  However,  many  surgeons  insist  that  the  biliary  tract 
should  be  drained  for  a  much  longer  time  (one  to  three  months) 
than  after  operation  for  uncomplicated  cholelithiasis.  In  cases  of 
persistent  jaundice  due  to  chronic  pancreatitis  the  gall-bladder  may 
be  anastomosed  with  the  intestine,  or,  better,  with  the  stomach. 
Archibald  suggests  incision  of  the  common  duct  sphincter,  after 
duodenotomy. 

Pancreatic  calculi  are  formed  much  in  the  same  manner  as  gall- 
stones, and  pancreatic  colic  is  much  like  gall-stone  colic,  except  that 
the  pain  is  below  and  to  the  inner  side  of  the  gall-bladder  and  maybe 
reflected  to  the  left  shoulder.  Pancreatic  calculi  may  be  associated 
with  gall-stones  or  with  the  various  forms  of  pancreatitis,  and  some- 
times cause  a  retention  cyst  by  damming  up  the  secretion  of  the 
gland.     In  a  few  instancs  they  have  been  removed  by  oj>eration. 

Tumors  of  the  pancreas  include  carcinoma,  sarcoma,  adenoma, 
and  syphiloma.  Primary  growths  are  rare.  Carcinoma  is  the 
most  frequent,  and  affects  chiefly  the  head  of  the  gland.  The  symp- 
toms are  indigestion,  epigastric  pain,  emaciation,  and  in  the  later 
stages  jaundice,  painless  swelling  of  the  gall-bladder,  enlargement  of 
the  liver,  and  the  appearance  of  a  tumor.  The  signs  of  interference 
with  the  functions  of  the  pancreas  already  mentioned  also  may  be 
found.  The  treahnetit  is  symptomatic,  although  it  detected  at  any 
early  period,  excision  would  be  indicated.  Cholecystogastrostomy 
or  cholecystentcrostomy  is  sometimes  performed  for  the  jaundice. 

Pancreatic  cysts  are  uncommon,  generally  arise  after  middle  age. 
and  may  be  true  or  false.  True  cysts  arise  within  the  gland  and 
include  retention  cysts  (pancreatic  ranula),  congenital  cystic  disease, 
cystadenoma,  hydatids,  and  hemorrhagic  cysts.  Pseudocysts  are 
usually  effusions  into  the  lesser  peritoneal  cavity,  the  result  of  injury 
or  inflammation,  but  may,  however,  communicate  with  the  pancreas 
and  contain  a  proteolytic  and  an  emulsifying  ferment.  The  symptoms 
are  indigestion,  vomiting,  and  frequently  epigastric  pain.  Other 
symptoms  are  due  to  pressure  on  environing  organs,  or  to  interference 
with  the  functions  of  the  pancreas,  such  as  have  already  been  men- 
tioned. The  patient  usually  emaciates  and  becomes  sallow  and 
weak.  When  of  large  size  the  cyst  reaches  the  abdominal  wall  be- 
tween the  stomach  and  the  colon,  although  it  may  be  above  the 
stomach  or  distend  the  layers  of  the  mesocolon.  It  is  usually  im- 
movable and  at  least  partly  covered  by  gastric  tympany.    Tic 
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treatment  in  suitable  cases  is  extirpation.  In  most  instances  this  is 
impossible  because  of  adhesions,  and  the  cyst  is  sutured  to  the 
anterior  abdominal  wall  and  drained. 

THE  SPLEEN 

Splenoptosis  {wandering  or  movable  spleen)  is  usually  a  part  of 
Glenard's  disease,  or  is  caused  by  enlargement  of  the  spleen.  The 
symptoms  are  indigestion,  vomiting,  dragging  pain,  absence  of  normal 
splenic  dulness,  and  the  presence  in  the  abdomen  of  a  movable 
tumor  with  a  marked  notch.  The  chief  danger  is  twisting  of  the 
pedicle,  which  may  lead  to  gangrene  of  the  organ.  The  treattneni 
is  the  application  of  a  pad  or  belt.  If  this  is  unsuccessful,  the  spleen 
may  be  removed,  or  sutured  to  the  abdominal  wall  {splenopexy).  As 
sutures  are  apt  to  cut  out  and  cause  profuse  bleeding,  a  better  method 
b  to  slip  the  spleen  into  a  p>ocket  formed  by  separating  the  parietal 
peritoneum  from  the  abdominal  wall,  the  peritoneum  being  sutured 
to  the  abdominal  wall  at  the  bottom  of  the  pK)uch  (Rydygier's 
method).     Torsion  of  the  pedicle  and  gangrene  require  splenectomy. 

Abscess  may  be  caused  by  trauma,  extension  from  neighboring 
organs,  acute  infectious  diseases,  chronic  malaria,  and  pyemia. 
Chronic  siippuratton  may  be  due  to  syphilis,  tuberculosis,  or  actino- 
mycosis. The  symptoms  are  pain,  tenderness,  and  enlargement  of  the 
spleen,  with  the  general  symptoms  of  sepsis.  The  treatment  is  the 
same  as  for  abscess  of  the  liver,  or  splenectomy  if  much  of  the  organ 
is  disorganized. 

Splenectomy  has  been  performed  for  (A)  local  and  (B)  general 
indications. 

A.  (i)  Splenoptosis  and  (2)  abscess  are  discussed  above,  (3) 
injuries  under  contusions  of  the  abdomen.''  (4)  Spontaneous  rupture 
may  occur  in  typhoidal  and  other  splenic  enlargements,  and  may 
demand  splenectomy  in  order  to  stop  the  bleeding.  (5)  Tumors  are 
rare,  the  most  frequent  being  sarcoma.  (6)  Aneurysm  of  the  splenic 
arter>'  also  is  rare.  (7)  Cysts  may  be  hemorrhagic,  serous,  lymphatic; 
dermoid  or  most  frequently  hydatid.  (8)  Idiopathic  splenomegaly, 
which  is  not  associated  with  marked  or  characteristic  blood  changes 
and  (9)  malarial  hypertrophy  are  indications  for  splenectomy  only 
when  the  local  discomfort  is  great;  removal  of  the  spleen  has  no  effect 
on  the  malaria.  (10)  Tuberculosis  of  the  spleen  is  almost  never 
primary,  hence  seldom  amenable  to  surgical  treatment. 

B.  For  the  discussion  of  the  medical  aspects  of  the  diseases 
mentioned  in  this  group  the  reader  is  referred  to  a  text-book  on 
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medicine,     (i)  Splenic  anemia,  in  which  there  is  enlaigement  of  the 
spleen,  with  diminution  in  the  number  of  white  and  red  blood  cells, 
and  a  reduction  in  the  percentage  of  hemoglobin,  resp)onds  favorably 
to  splenectomy,  a  number  of  apparently  permanent  recoveries  being 
on  record.     (2)  In  BaniVs  disease  (splenomegaly  with  cirrhosis  of  the 
liver) ,  which  many  regarded  as  a  later  stage  of  splenic  anemia,  splenec- 
tomy should  be  considered,  although  the  results  are  not  so  good  as  in 
splenic   anemia.     (3)  In   several  cases  of  anemia   infantum  (wn 
Jaksch's  disease),  which  may  possibly  be  an  infantile  form  of  splenic 
anemia,  removal  of  the  spleen  has  been  followed  by  marked  immediate 
improvement.     (4)  Primary  splenomegaly  ( Gaucher 's  disease)  has 
been  treated  by  splenectomy  ten  times,  with  eight  recoveries  and 
two  deaths.     (5)  Pernicious  anemia  may  be  benefited  temporarily 
by  splenectomy.     The  mortality  is  about  20  per  cent.     (6)  Hemolytic 
jaundice  is  characterized  by  anemia,  jaundice,  and  splenomegaly. 
Two   forms  are  recognized,  the  congenital  {Chaujffard-Minkowskij 
and   the  acquired   (Hayem-Widaf),     In  both  increased  hemolysfc 
is  indicated  by  an  excess  of  urobilin  in  the  urine  and  the  feces,  but  as 
the  jaundice  is  non-obstructive  there  is  bile  in  the  stools,  and  none  in 
the  urine  (acholuria).     The  erythrocytes  exhibit  lessened  resistance 
to  hypotonic  salt  solution,  and  in  the  acquired  form  auto-agglutina- 
tion.    In  the  congenital  type  the  patients  are  often  more  icteric 
than  ill,  in  the  acquired  type  more  anemic  than  jaundiced.    Banti 
believes  he  has  discovered,  in  what  he  calls  splenomegalie  hemolytique, 
the  connecting  link  between  the  two  varieties  outlined  above,  but 
his  argument  is  not  convincing.     In  all  forms  of  hemolysis  due  to 
**hypersplenism,''  i.e.,  increased  destruction  of  the  red  cells  by  the 
spleen,  removal  of  the  organ  has  been  followed  by  excellent  results. 
Of  48  operations  collected  by  Elliott  and  KanaVel  only  two  were  fatal. 
The  most  important  sign,  so  far  as  the  indications  for  splenectomy 
are  concerned,  is  the  increased  quantity  of  urobilin  in  the  urine  and  the 
feces. 

The  principal  contraindications  to  splenectomy  are  leukemia; 
er>^thremia  (Vaquez's  disease) ,  in  which  there  is  enormous  increase 
in  the  number  of  erythrocytes,  hence  possibly  due  to  **  hyp)Osplenism;" 
splenomegaly  of  the  congestive  type,  resulting  from  cardiac  or  pul- 
monary disease;  marked  cachexia;  and  dense  universal  adhesions. 

The  operation,  in  many  cases  in  group  B,  should  be  preceded  by 
transfusion  of  blood.  A  long  incision  is  made  in  the  left  rectus  mus- 
cle. If  more  room  is  needed  the  incision  may  be  extended  upwards 
and  inwards,  along  the  costal  margin,  to  the  ensiform;  or  upwards 
and  outwards  along  the  eighth  intercostal  space,  the  cartilages  of  tke 
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eighth,  ninth  and  tenth  ribs  being  excised,  after  reflection  of  the 
musculocutaneous  flap.  The  liver  and  gall-bladder  should  always 
be  explored,  and  calculi,  if  found,  removed. 

The  phrenosplenic  ligament  is  tied  and  divided,  the  spleen 
delivered  through  the  wound,  and  each  vessel  of  the  pedicle 
severed  between  ligatures.  The  special  complications  are  injury  to 
the  stomach;  ligation  of  the  tail  of  the  pancreas  with  the  splenic 
pedicle,  an  accident  that  may  be  followed  by  fat  necrosis;  thrombosis 
of  the  splenic  vein,  which  may  extend  into  the  superior  or  the  in- 
ferior mesenteric  vein,  or  give  rise  to  embolism;  and  gastrointestinal 
hemorrhage,  possibly  the  result  of  extension  of  the  thrombosis. 
The  mortality  of  the  operation  for  all  conditions  is  about  25  per  cent. 

The  blood  changes  after  splenectomy  vary  with  the  condition  of  the 
spleen.  In  some  of  the  forms  of  anemia  mentioned  in  group  B  the 
blood  rapidly  regenerates.  After  removal  of  a  healthy  adult  spleen, 
e.g.,  for  injury,  there  is  a  reduction  in  the  number  of  red  cells  and  in 
the  percentage  of  hemoglobin,  an  increase  in  the  number  of  white  cells 
and  often  enlargement  of  the  lymph  glands  and  the  thymus,  with 
tenderness  of  the  bones  (the  red  cells  are  formed  by  bone  marrow) 
headache,  emaciation,  and  sometimes  rapid  pulse,  fever,  thirst, 
polyuria,  and  abdominal  uneasiness.  These  symptoms  may  last 
for  weeks  or  months  before  good  health  is  obtained.  The  changes 
may  be  absent,  or  at  least  not  so  decided,  because  the  compensatory 
organs  (hemolymph  glands,  thymus,  and  possibly  accessory  spleens) 
at  once  become  active,  e.g.,  in  children,  or  are  already  doing  the 
work  of  a  spleen  whose  functions  have  been  destroyed  by  disease. 
Extract  of  spleen,  thymus,  or  red  bone  marrow,  with  iron,  may  be  of 
service  in  lessening  the  evil  after  effects  of  splenectomy. 

ABDOMINAL  HERNU,  OR  RUPTURE 

The  word  hernia  is  sometimes  employed  in  connection  with  the 
brain,  lung,  muscle,  or  other  parts,  but  when  used  without  qualifica- 
tion refers  to  an  external  abdominal  hernia,  which  is  a  protrusion  of 
a  portion  of  the  contents  of  the  abdomen  through  an  opening  in  the 
abdominal  wall,  the  protruded  parts  being  covered  at  least  by  skin, 
and  almost  always  by  peritoneum.  The  term  internal  hernia  is 
applied  to  a  visceral  protrusion  through  the  diaphragm,  through 
an  intraperitoneal  aperture,  e.g.,  the  foramen  of  Winslow.  When 
the  abdominal  contents  escape  through  a  wound,  or  when  an 
organ  is  extruded  through  a  normal  orifice,  e.g.,  the  uterus  thorough 
the  vulva,  the  condition  is  called  prolapse  and  not  hernia. 

The  causes  of  hernia  are  congenital  and  acquired.    Among  the 


8oO  MANUAL   OF   SURGERY 

congenital  causes  arc  (i)  non-obliteration  of  a  normal  peritoneal 
diverticulum,  e.g.,  the  funicular  process,  which  precedes  the  testick 
in  its  descent,  and  passes  along  the  spermatic  cord  or,  in  the  femak. 
the  round  ligament;  (2)  abnormal  congenital  apertures,  e.g..  in  the 
mesentery,  diaphragm,  linea  alba,  or  linea  semilunaris;  (.5)  unusually 
large  nomal  apertures,  e.g.,  the  umbilical,  inguinal,  and  femoral 
rings;  (^4)  weakness  of  the  abdominal  muscles  (often  inherited);  (5) 
abnormal  length  of  the  mesentery  or  omentum;  and  (6)  imperfectly 
descended  testicles.  Among  the  acquired  causes  are  (i)  those  whick 
weaken  the  abdominal  wall,  e.g.,  injuries  and  operations,  degeneratwn 
(from  senescence,  lack  of  exercise,  prolonged  illness),  and  over- 
stretching the  result  of  intraabdominal  swellings;(2)  those  whick 
increase  the  intraabdominal  pressure,  e.g.,  ascites,  intraabdominal 
tumors,  pregnancy,  obesity,  tight  belts,  and  all  conditions  which 
necessitate  straining,  such  as  laborious  occupations,  phimosis,  en- 
larged i)r()state,  constipation,  and  diseases  of  the  air  passages  assod- 
ated  with  persistent  cough;  and  (3)  those  which  drag  on  the 
peritoneum,  such  as  cicatrices  and  tumors,  particularly  the  subperi- 
toneal lipoma.  Hernia  is  most  frequent  in  the  first  year  of  life,  iQ-^ 
cases  in  every  1000  individuals  according  to  Berger;  it  then  decreases 
in  frequency  until  the  minimum  is  reached  in  the  twentieth  to  the 
twenty-fourth  year,  and  gradually  increases,  owing  to  degeneration 
of  the  muscles,  as  age  advances.  Hernia  is  three  times  more  fr^ 
quent  in  males  than  in  females. 

In  structure  a  hernia  consists  of  (i)  an  orifice,  (2)  a  sac,  (3)  the 
coverings  of  the  sac,  and  (4)  the  contents,  i.  The  hernial  onfice, 
often  called  the  ring,  is  the  opening  in  the  parietes;  this  opening 
may  be  canalicular,  e.g.,  in  the  inguinal  region,  and  possess  an  inter- 
nal and  an  external  ring.  2.  The  sac  is  the  peritoneal  pouch 
envelojung  the  contents  of  the  hernia.  In  the  early  stages  of  an  ac- 
quiri'd  hernia  the  sac  is  thin  and  funnel-shaped;  later  it  becomes 
larger,  thicker,  and  more  globular.  It  consists  of  a  neck  and  a  body, 
and  is  formed  by  stretching  and  sliding  of  the  peritoneum,  hence 
when  a  hernia  api>cars  suddenly,  excluding  actual  ruptures  of  the 
abdominal  muscles  (traumatic  hernia),  there  must  have  been  ap^^ 
formed  (congenital)  sac.  As  the  result  of  irritation  or  inflammation, 
from  pressure  or  injury,  the  sac  may  become  adherent  to  the  contents, 
or  be  divided  into  two  (hour-glass)  or  more  saccules  or  diverticula. 
It  is  always  adherent  to  its  coverings,  hence  is  irreducible,  although  the 
contents  may  be  reducible.  Occasionally  the  sac  or  a  saccule  b^ 
comes  completely  shut  off  and  filled  with  fluid  (hydrocele  of  the  sac)- 
As  the  sac  is  merely  a  peritoneal  diverticulum  it  may  partidpate  iB 
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any  of  the  aflFections  of  the  peritoneal  cavity,  e.g.,  ascites,  carcinoma- 
tosis, tuberculosis,  acute  peritonitis.    A  peritoneal  sac  is  absent  in 
certain  sliding  hernias,  certain  hernias  following  abdominal  operations 
or  injuries,  and  in  most  internal  retroperitoneal  hernias.    A  sliding 
hernia  is  one  in  which  the  ascending  or  the  descending  colon  slip 
down  through  the  inguinal  canals.    As  these  structures  usually 
have  no  mesentery  the  posterior  portion  of  the  sac  is  generally 
absent.    3.  The  coverings  of  the  sac  vary  with  the  situation  of  the 
hernia    and    are  enumerated  with  the  individual    forms.     4.  The 
contents  may  be  any  abdominal  viscus,  but  only  those  organs  requir- 
ing special  mention  are  noted  below.    The  sac  usually  contains  small 
intestine  (enterocele) ,  omentum  (epiplocele),  or  both  {enter oepiplocele). 
When  only  a  portion  of  the  circumference  of  the  intestine  lies  within 
the  sac  {partial  enterocele,  or  Richter^s  hernia),  the  hernia  is  very  small; 
and  if  strangulation  occurs,  the  symptoms  of  obstruction  are  not 
complete.    Littre^s  hernia  is  a  hernia  of    Meckel's    diverticulum. 
The  cecum,  with  or  without  the  appendix,  has  been  found  in  even  a 
left  femoral  hernia  {cecocele).    As  it  usually  has  a  mesentery,  it 
generally  lies  within  the  hernial  sac;  but  when  the  mesentery  is 
absent,  the  cecum  may  be  partly  within  and  partly  without  the 
hernial  sac,  the  so-called  sliding  hernia  of  the  cecum.    The  bladder 
may  be  encountered  in  a  direct  inguinal  hernia  {cystocele).    As  a 
rule,   the  herniated  portion  of  the  bladder  is  partly  covered  with 
peritoneum  and  partly  extraperitoneal,  but  it  may  be  wholly  within 
or  without  the  sac.     The  condition  may  be  suspected  if  the  bladder 
is  irritable,  if  the  hernia  increases  in  size  when  the  bladder  is  filled 
and  lessens  in  size  when  it  is  emptied,  and  if  pressure  upon  the  hernia 
causes  a  desire  to  urinate.     The  diagnosis  may  be  confirmed  by 
injecting  water  into  the  bladder,  when  the  herniated  pouch  will 
distend;  by  cystoscopic  examination,  when  the  lateral  displacement 
of  the  vesical  wall  can  be  seen;  and  possibly  by  filling  the  bladder  with 
collargol  solution  and  taking  a  skiagram.     The  same  diagnostic 
remarks  apply  to  the  rare  hernia  of  a  vesical  diverticulum,  which  is 
devoid  of  muscular  fibres.     The  ovary  is  normally  a  pelvic  organ,  but 
may  be  arrested  in  its  descent  near  the  internal  inguinal  ring,  or  be 
raised  to  this  level  by  enlargement  of  the  uterus  (i)regnancy,  tumors), 
tience  ovarian  hernia  is  most  frequent  in  infants,  and  in  women  who 
tiave  borne  children.     The  swelling  is  often  irreducible,  and  attempts 
it  reduction  cause  a  sickening  pain.     The  treatment  of  the  condi- 
:ions  mentioned  above  is  considered  later.     Loose  bodies,  sometimes 
ts  large  as  marbles  and  probably  representing  detached  appendices 
pipioicae,  are  occasionally  found  in  the  sac  of  a  hernia. 
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The  signs  of  an  uncomplicated  enterocele  are:  (i)  a  soft  sutUini, 
(2)  which  is  in  the  usual  situation  of  a  hernia,  (3)  is  inseparable  tiom . 
the  abdominal  wall,  (4)  has  an  expansile  impulse  on  coughing,  (5) 
is  tympanitic  on  percussion,  (6)  disappears,  often  suddenly  and  with 
a  gurgle,  on  recumbency  or  pressure,  (7)  when  the  hernial  orifa 
may  be  felt,  and  (8)  which  reappears  when  the  patient  stands  or 
strains.  An  epiplocele  is  dull  on  percussion,  feels  more  doughy,  has 
a  less  marked  impulse,  and  reduction  is  more  difficult  and  imaccom- 
panied  by  a  gurgle.  The  patient  may  complain  of  pain,  indigestion, 
and  constipation. 

The  treatment  may  be  palliative  (trusses)  or  radical  (operation), 
but  such  is  best  considered  with  the  special  forms  of  hernia. 


SPECIAL  FORMS  OF  HERNIA 

Inguinal  hernia  constitutes  about  80  per  cent,  of  all  hernias;  it  is 
much  more  common  in  males,  because  of  the  larger  size  of  the  inguinal 
canal,  the  frequency  of  imperfect  closure  of  the  processus  vaginalis, 
and  the  influence  of  strenuous  occupation;  and,  owing  to  the  later 
descent  of  the  right  testicle,  which  keeps  the  inguinal  canal 
patent  for  a  longer  period,  is  more  often  encountered  on  the  right 
side.  A  classification  of  the  principal  forms  of  inguinal  hernia  is 
given  in  the  subjoined  table. 


I.      Indirect  or  oblique 


I. 


Acquired 


2.  Congenital 


II.  Direct  (always  acquired) 

III.  Interstitial  (usually  congenital) 


a.  Incomplete 

b.  Complete    (scrotal 
labial) 

a.  Vaginal 

b.  Funicular 

c.  Infantile 

d.  Encysted  infantile 


or 


Intrailiac 
Antevesical 


1.  Intraparietal 

2.  Interparietal 

3.  Extraparietal 

I. — The  indirect  or  oblique  inguinal  hernia,  enters  the  internal 
ring  in  the  external  inguinal  fossa,  external  to  the  deep  epigastric 
artery.  It  is  more  frequent  on  the  right  side,  for  the  reason  given 
above,  and  in  about  one-third  of  the  cases  a  similar  hernia  appears, 
sooner  or  later,  in  the  opposite  inguinal  region. 

I .  Acquired  indirect  inguinal  hernia  (Fig.  446) ,  in  which  the  sac 
is  gradually  formed  from  the  parietal  p>eritoneum,  may  (a)  distend  the 
inguinal  canal  only  (incomplete  inguinal  hernia  or  bubonocde)^  or  it 
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pass  into  the  scrotum  \scroliil  kcrmitl^  or.  in  iho  loinalo.  ii\ 
abium  majus  ilabiaJ  kernia),  when  it  constitutes  »  lamflrif 

hernia  (Fig.  444).     The  (fipcnngs  of  a  wmptete  iniliroi't 

hernia  are  the  sac,  with  subperitoneal  fat;  infundihuUform 
lerived  from  the  transversalis  fascia;  cremasteric  fasi'in  nnt) 
derived  from  the  internal  obHque;  intercolumnar  fasi'ia,  ile- 
om  the  external  oblique;  deep  and  suiHTliiial  fiiscia';  and 
In  old  cases  the  internal  ring  may  be  directly  IK-Iiiml  the 

ring,  simulating  verj'  closely  a  direct   hernia.     Tlu-  sac 
ies  in  front  of  the  spwr- 
-rd. 

cmgenital  indirect  in- 
lemia  owes  its  existence 
)bliteration  of  the  funi- 
ocess  of  peritoneum.  It 
appears  at  or  soon  after 
though  it  is  not,  as  the 
igenital  implies,  always 
at  this  time,  but  may 

any  period  of  life  as  the 


— C'jtapltlt  obli'iue  hrmia  '. 
:.  bubonoctle  nn  ;he  riift.:. 


It-ft^rh  "inKciiliii 


a  sudden  strain  forcing  apart  thf;  Hfifum-if  ftfrit'itital 
adeed,  some  authors  ^o  vj  far  a*  U>  uttritint/-  f>tki.lu nHy 
ias  to  a  persiitent  ar.tenatal  vu..  'Ihf  iiftu'm  i*  tifvt^ 
in  onset  but  h^jjrr.^.-  ijim\i\f.ir.  at  'ji*";,  ■aU'\  f\>*-  vt'  u 
ly  densely  adherer.t  : .  thft  (J^'\.  fr>/iiir>»l  h/r/ii*  tu  Oi' 
>  almost  alwayi  o.- Z'^.irAl    fh^  [^t/rrit  hjt^:  <A  t^tiU/t,f-'im 

Nuck-  folIoTri-?  v-r:  T'r.T.fi  iijrarr.Wt*  'a,  tr,  N-.^  ■'.n^tntl 
%h.  440  and  417  '.:.'-.  v.-*^.  (»«*■«:*  'U(^'*\/  into  *t,p.  tntn^Jt 
,  surrounding  arj-:  ..■.T..-j**.i.-.3;  fh^  t^.\f\r\f  >,,  U,  funifulnr 
rig.  44^  .  nhv'r.  U  V.i^  r.v.s"  irrr^ufXtt  .^r>*y  '/  *,i  ms^niftAl 
the  nmicnlar  fjiT'^.*^'*  r"^..*.?. *  jAtrrif  f'.r  ^  '<ci»i"/f*  'lirfaft/*. 
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but  is  always  shut  off  from  the  tunica  vaginalis,  (c)  In  infanliii 
hernia  (Fig.  449),  which  is  very  rare,  the  funicular  process  is  closed 
at  its  abdominal  end  only,  the  hernia  (in  a  special  sac)  passing 
downwards  behind  the  process  or  (d)  invaginating  it  (encyski 
infantile  hernia) ;  thus  there  are  three  layers  of  peritoneum  in  front 
of  the  hernia  (Fig.  450).    Any  inguinal  hernia,  but  more  partial- 


V 

Fic.  446.  Pig.  447.  Pic.  44S.         Pig.  44g.  Pig.  450. 

Fig.  446. — Acquired  inguinal  hemU.  Fic.  447. — Vaginal  form  oE  congeniul  ii«»i»'' 
hernia.  Fig.  44S. — Hernia  into  funicular  process.  Pic.  449. — Infantile  heniii.  Fk 
4 SO. — Encysted  infantile  hernia. 

Diagram'ot  hemi«.     C.  Cord.     S.Sac,     T.  Testicle.     V.  Tunica  vaginilii- 

larly  the  congenital  forms,  may  be  associated  with  a  hydrocele  of 
the  cord  or  testicle. 

II.— Direct  inguinal  hernia  (Fig.  451)  is  always  acquired,  go- 
erally  appears  late  in  life,  is  hemispherical  in  shape,  never  descaii 
into  the  scrotum,  rarely  becomes  strangulated,  and  is  bilateral  i" 
one-half  of  the  cases.  It  originates  in  the  internal  inguinal  fossa,  W 
the  inner  side  of  the  deep  epigastric  artery,  i.e.,  in  Hesselbach's 
,  _      .  =        Ji  ;    tr'^"gl^-     The  spermatic  cord  genenll)' 

\S  ^te.^''  I  ,./  /  //  ''"^^  ^°  *-^^  ""*"  s'*^^  o^  the  heroii 
'  \-!  .  S.  ^f  Vi  which  emerges  at  the  outer  side  of  tin 
conjoined  tendon,  or  splits  or  pushe 
that  structure  before  it,  thus  enterinl 
the  inguinal  canal  and  appearing  at  tit 
external  ring.  When  passing  to  tht 
outer  side  of  the  conjoined  tendon  its 
coverings  are  the  same  as  those  of  in- 
direct inguinal  hernia,  except  that  the  transversalis  fascia  is  sub- 
stituted for  the  infundibuliform  fascia;  the  conjoined  tendon  also  is 
added  to  the  coverings  when  the  hernia  pushes  tKat  stnictun 
before  it. 

III.— Interstitial  hernia,  instead  of  passing  regularly  through  the 
inguinal  canal,  insinuates  itself  between  the  layers  of  the  abdonuml 
wall.  Over  one-half  of  the  cases  are  cryptrochids.  Three  fonnsaR 
described:     (i)  In   properitoneal   or   intraparietal   hernia,   the  M 


;t  inguinal  hernia. 
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lies  between  the  peritoneum  and  the  transversaUs  fascia,  either 
extending  outwards  (intrailiac)  or  inwards  (antevesical) ,  If  there  is 
also  a  sac  in  the  scrotum  the  condition  is  called  hernia  en  bissac. 
(2)  In  interparietal  hernia  the  sac  may  be  between  the  transversalis 
muscle  and  fascia,  the  external  and  internal  oblique,  or  between  the 
external  oblique  and  the  transversalis  fascia,  the  other  muscles 
having  been  pushed  aside.  (3)  Superficial  inguinal  hernia  {extra- 
parietal)  is  the  most  frequent  variety.  The  sac  passes  through  the 
inguinal  canal,  thence  outwards  and  upwards  along  Poupart's 
ligament,  between  the  external  oblique  and  the  skin,  or  more  rarely 
outwards  and  downwards  beneath  the  skin  of  the  thigh,  thus  pre- 
senting a  superficial  resemblance  to  femoral  hernia.  In  any  strang- 
ulated interstitial  hernia  in  which  the  sac  is  bilocular,  the  bowel  may 
be  pushed  from  the  super.fi6ial  into  the  deeper  sac,  and  the  symptoms 
of  strangulation  persist  after  apparent  reduction ; '  this  is  the  explana- 
tion of  the  so-called  reduction  en  masse^  or  ^n  bloc,  it  being-  very 
doubtful  whether  a  hernial  sac  is  ever  torn  from  its  attachments  and 
reduced  with  the  contents. 

The  signs  of  an  inguinid  hernia  are  those  already  mentioned  in 
describing  the  general  features  of  hernia  (p.  802).  The  swelling 
•  increases  in  size  from  above  downwards  and  the  testicle  lies  below 
and  behind.  In  the  male  the  external  inguinal  ring  may  be  felt  by 
invaginating  the  skin  of  the  scrotum  with  the  index  finger;  if  it  enters, 
the  ring  is  abnormally  large. 

The  diagnosis  is  usually  easy,  but  may  be  difficult  or  impossible 
without  operation.  In  oblique  herm'a  the  canal,  at  least  in  the 
beginning,  passes  upwards  and  outwards,  and  in  rare  instances  the 
deep  epigastric  artery  may  be  felt  to  the  inner  side.  Direct  hernia 
occurs  in  adults,  usually  stops  at  the  root  of  the  scrotum,  has  the 
deep  epigastric  artery  to  its  outer  side,  and  passes  directly  backwards 
through  the  abdominal  wall.  The  conditions  which  may  be  mistaken 
for  inguinal  hernia  are: 

I. — Reducible  swellings  which  give  (a)  an  expansile  or  (b)  a 
nonexpansile  (lifting)  impulse  on  coughing. 

(a)  Reducible  swellings  with  an  expansile  impulse:  (i)  In 
femoral  hernia  the  orifice  is  below  Poupart's  ligament  and  to  the 
outer  side  of  the  pubic  spine,  in  inguinal  hernia  above  Poupart's  liga- 
ment and  internal  to  the  pubic  spine  (Fig.  457).  In  the  former  the  in- 
guinal canal  remains  empty.  In  inguinal  hernia  reduction  is  effected 
^y  pushing  upwards,  outwards  and  backwards  and  in  femoral 
hernia,  downwards  and  then  upwards  and  backwards.  (2)  Con- 
genital  hydrocele  is  translucent,   and   slowly  reducible  without  a 
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gurgle,  but  is  very  apt  to  be  associated  with  a  hernia.  (3)  Varicocde 
feels  like  a  **bag  of  worms/'  is  dull  on  percussion,  and  reappears 
from  below  upwards  after  compression,  even  when  the  finger  block 
the  inguinal  canal.  (4)  A  psoas  or  other  chronic  abscess  communi- 
cating with  the  abdominal  cavity  fluctuates,  is  dull  on  percussion; 
may  be  on  either  side  of  the  femoral  vessels,  and  may  be  associated 
with  other  signs  indicating  its  nature,  e.g.,  kyphosis,  mass  in  the 
iliac  region.  If  it  proceeds  from  bone  the  X-ray  may  show  the 
osseous  lesion. 

(b)  Reducible  swellings  with  a  nonexpansile  impulse  are  dull  on 
percussion,  (i)  Subperitoneal  lipoma  always  has  the  same  shape 
and  consistency;  it  may,  however,  be  the  pilot  of  a  hernial  sac 
(2.)  In  undescended  testicle  the  scrotum  is  empty;  the  swelling  is 
elastic,  more  or  less  circumscribed,  and  gives  the  testicular  sensa- 
tion on  pressure.  There  is  usually,  however,  a  hernia  above  the 
testicle.  An  inflamed  or  twisted  undescended  testicle  may  give  symp- 
toms almost  identical  with  those  of  strangulated  hernia. 

II. — Irreducible  swellings,  all  of  which  are  dull  on  percussion, 
may  have  a  lifting,  but  never  an  expansile,  impulse:  (i)  Enlarged 
inguinal  glands  are  lobulated,  and  caused  by  irritation  in  the  area 
which  they  drain;  the  inguinal  canal  is  free.  (2)  Encysted  hydrocele 
of  the  cord  is  translucent,  elastic,  circumscribed,  and  cannot  be 
reduced  when  traction  is  made  on  the  cord.  (3)  In  hydrocele  of 
the  testis  the  swelling  develops  slowly,  beginning,  below  and  spreading 
upwards;  stands  out  from  the  abdomen,  from  which  it  may  be 
separated  by  the  lingers;  is  translucent  (unless  the  walls  are  ver)' 
thick,  or  blood  or  spermatic  fluid  be  the  contents),  and  not  reducible 
(excepting  those  which  communicate  with  the  abdomen  or  with  a 
second  sac).  (4)  Hematocele  of  the  cord  follows  injury  and  is  associ- 
ated with  pain  and  ecchymosis.  (5)  Swelling  in  the  lower  scrotum, 
e.g..  spermatocele,  hematocele,  orchitis,  tumors  of  the  testicle, 
etc.,  are  generally  readily  differentiated  from  hernia  by  the  freedom 
of  the  cord  above,  and  the  absence  of  a  swelling  in  the  inguinal 
canal. 

The  treatment  may  be  palliative  or  radical. 

Palliative  treatment  consists  in  the  application  of  a  truss  and  the 
removal  of  all  sources  of  straining.  A  year  or  two  of  this  treatment 
in  children  will  often  result  in  cure.  The  younger  the  child,  the 
greater  the  chances  of  cure.  A  truss  consists  of  a  pad  for  the  hernia, 
held  in  place  by  a  steel  spring,  which  passes  backward  on  the  same 
side,  midway  between  the  crest  of  the  ilium  and  the  top  of  the  tro- 
chanter, to  just  behind  the  anterior  superior  spine  of  the  opposite 
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side,  whence  it  is  continued  with  a  strap,  which  is  fastened  to  the 
pad.  A  second  strap  passing  beneath  the  thigh  may  be  necessary 
to  hold  the  truss  in  place.  The  pad  may  be  of  vulcanite,  rubber, 
etc.,  and  should  be  placed  over  the  internal  ring  in  oblique  hernia, 
over  the  external  ring  in  direct  hernia.  It  should  rest  on  the  soft 
tissues  only,  and  hot  be  so  small  or  so  convex  as  to  project  into  and 
dilate  the  opening;  the  spring  should  be  strong  enough  to  retain 
the  hernia  under  all  strains,  but  without  injurious  pressure.  In 
adults  the  truss  is  ordinarily  worn  during  the  day,  being  put  on 
before  rising  and  removed  after  retiring.  In  young  children,  in 
whom  there  is  a  chance  of  cure,  the  truss  should  be  worn  also  at 
night,  as  a  single  escape  of  the  hernia,  even  after  months  of  treat- 
ment, will  cancel  all  the  good  which  has  been  done.  In  irreducible 
hcrnifiB  cup  or  bag  trusses  are  sometimes  employed. 

The  radical  treatment  of  inguinal  hernia  is  recommended  inall 
cases  after  the  age  of  three,  if  truss  treatment  has  failed,  and  up  to  the 
age  of  sixty,  providing  there  is  no  visceral  disease  to  contraindicate 
operation.  The  mortality  is  less  than  one  per  cent.,  recurrence 
less  than  two  per  cent. ;  80  per  cent,  of  the  latter  occur  within  the  first 
year.  These  statements  do  not  apply  to  enormous  hernias,  in 
which  the  danger  of  operation  is  by  no  means  small,  and  the  chances 
of  recurrence  very  great.  Direct  hernias  also  are  prone  to  recur, 
because  of  the  flabbiness  of  the  muscles,  the  large  size  of  the  orifice, 
the  absence  of  a  canal,  and  because  the  sac  is  often  formed  partly  by 
the  bladder  and  therefore  cannot  be  completely  removed.  While 
a  patient  with  a  reducible  hernia  and  a  comfortable  truss  may  be 
offered  operation,  one  with  a  hernia  which  is  irreducible,  which  a  truss 
does  not  retain,  which  occasionaly  becomes  incarcerated  or  inflamed, 
or  which  is  associated  with  an  undescended  testicle  or  a  reducible 
hydrocele,  should  be  urged  to  accept  radical  treatment.  Of  the 
many  operations  that  have  been  advocated  for  this  purpose  only  two 
will  be  described. 

Bassini's  operation  is  the  one  most  frequently  employed.  Ati 
incision  is  made  parallel  with  and  one-half  inch  above  Poupart^s  liga- 
ment, from  the  external  to  just  above  the  internal  ring.  The  super- 
ficial epigastric  and  the  superficial  external  pudic  vessels  are  secured, 
and  the  aponeurosis  of  the  external  oblique  divided  in  the  direction 
of  its  fibres,  from  the  external  ring  upwards  and  outwards,  the  flaps 
being  separated  from  the  subjacent  tissues.  The  sac  is  now  separated 
from  the  spermatic  cord  by  blunt  dissection,  opened  to  make  sure 
there  are  no  adherent  structures,  ligated,  as  high  as  possible,  with  cat- 
gut, and  severed  beyond  the  ligature,  the  stump  retracting  into  the 
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abdominal  cavity.  The  spermatic  cord  is  separated  from  its  bed,  uid 
held  aside  by  a  blunt  hook  or  loop  of  gauze  while  the  internal  oblique 
and  transversalis  muscles,  as  one  layer,  are  sutured  to  shelving  mai^ 
of  Poupart's  ligament  beneath  the  cord.  A  suture  should  be  placed 
also  above  the  cord  (Fig.  452).  The  cord  is  now  placed  on  thissuluie 
line  and  the  incision  in  the  external  oblique  closed.  The  skin  issutured 
with  silkworm  gut,  after  ligating  all  bleeding  points.  Chromicized 
catgut  or  kangaroo  tendon  is  used  tor  the  buried  sutures.  In 
children  if  is  well  to  seal  the  M'ound  with  collodion  before  apphing 
the  spica  of  the  groin.  The  scrotum  is  supported  for  the  first  week. 
The  patient  remains  in  bed  for  two  weeks,  and  should  undertake 
no  straining  efforts  for  six  months.  A  truss  is  not  needed  after 
operation. 

The  chief  objection  to  the  Bassini  operation  is  that  edema  of  the 
cord,  hydrocele,  and  orchitis  occasion- 

the  cord  and  its  compression  between 
the  layers  of  the  abdominal  wall. 

The  author's  method  combines 
some  of  the  features  of  the  foregotng 
and  the  Ferguson  operations,  witb 
imbrication  of  the  layers  of  the  ab- 
dominal wall  in  a  manner  whidi, 
although  devised  independently, » 
much  like  that  previously  suggesied 
by  Andrews.  After  incising  the  skin 
and  the  external  oblique  the  ilioingu- 
inal nerve  is  retracted,  the  cremastericmuscleand  fascia  and  theiniU- 
flibuliform  fascia  arc  raised  from  the  cord  and  divided  longitudinal]}': 
and  the  sac,  which  lies  immediately  beneath,  is  isolated  by  genW 
sauzc  dissection,  so  as  to  injure  the  cord  as  Httle  as  possible,  aw 
opened.  Aflhcreiit  omentum  is  divided  between  ligatures;  adheren' 
intestine  gently  separated,  unless  the  adhesions  are  dense,  when  iCB 
better  to  leave  a  portion  of  the  sac,  thus  preventing  the  raw  surfs'* 
which  would  otherwise  result.  A  finger  is  passed  into  the  abdomen 
and  the  internal  inguinal  ring  of  the  opposite  side  and  both  intenul 
femoral  rings  palpated.  The  vicinity  of  the  internal  ring  on  the  ad* 
of  operation  is  now  c.\plore<l  for  diverticula,  properitonea!  henu»t 
and  laxity  of  the  peritoneum  ti>  the  inner  side  of  the  deep  epigastric 
vessels  (jxitential  direct  hernia).  If  another  hernia  is  found  it  mlj 
be  dealt  with  through  the  same  incision,  if  on  the  same  side;  or, 
later,  through  a  separate  incision,  if  on  the  opposite  side.     The  ned 
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■  the  sac,  which  is  recognized  by  following  the  peritoneum  until  it 
ipands  beneath  the  parietes,  where  it  is  covered  with  properitoneal 
■t,  and  by  identifying  and  pushing  aside  the  deep  epigastric  vessels, 
palpated  for  thickening.  If  the  thickening  is  soft  one  should  suspect 
UTiia  of  the  bladder  or  sliding  hernia  of  the  coton,  conditions  in 
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Pic.  453. — The  transversalis.  internal 
'bUque.  and  eiternal  oblique  muscles,  as 
me  layer,  arc  sutured  to  Pou part's  ligament. 

rtiich  the  affected  viscus  may  readily  be  injured  in  Ugating  the  sac. 

rhe  parietal  peritoneum  ahvie  the  neck  of  the  sac  is  now  transfixed  and 

igated  with  catgut,  and   the  stump  transplanted  upwards  and 

inwards  beneath  the  transversalis  fascia,  by  carrying  the  ends  of  the 

ligature  through  the  fascia  and  muscles  and  tying  them.    This 

transplantation    is  particularly   in- 

licated  in    sliding   hernias   and  in 

-"ases  in  which  the  peritoneum   to 

ie  inner  side  of  the  epigastric  vessels 

s  lax.    The  internal  ring  is  made 

nugby  passing  one  or  two  sutures 

trough  the  transversalis  fascia  above 

he  cord.     The  canal  is  closed  over 

he  cord,  by  suturing  all  the  struc- 

^es  on  the  inner  side  (transversalis, 

■Otemal  oblique,  external  oblique)  to  ""' 

Poupart's   ligament,  beginning  below  and  extending  up  as  far  as  the 

ittacbment  of  the  muscles  to  Poupart's  ligament  (Fig.  453).    The 

asda  of  the  external  oblique  thus  acts  as  a  splint  for  the  muscular 

bres,  which,  if  sutured  alone,  tend  to  separate.     The  needle  should 

e  passed,  from  without  inwards,  through  the  structures  on  the 

ner  side  of  the  canal,  then,  from  within  outwards,  through  Poupart's 

;ameDt  while  a  finger  protects  the  femoral  vessels.     In  order  to 


IG.  455. — Imbrication  of  theeJttenuJ 
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secure  accurate  coaptation  alternate  deep  and  superficial  sutures  are 
employed,  this  also  prevents  the  tearing  apart  of  the  muscular  and 
fascial  bundles  that  sometimes  follows  when  all  the  sutures  are  in- 
serted in  the  same  plane  (Fig.  454).  The  lower  is  now  sutured  up 
over  the  upper  flap  of  the  external  oblique  (Fig.  455)  and  the  skin 
closed. 

Variations  in  the  operations  detailed  above,  which  operations 
apply  particularly  to  the  ordinary  acquired  form  of  oblique  inguinal 
hernia  in  the  male,  may  be  desirable  or  necessary  under  certain 
circumstances. 

In  the  female  the  round  ligament  may  be  treated  like  the  sperma- 
tic cord,  but  as  there  is  some  difficulty  in  dissecting  the  sac  from  the 
ligament,  and  as  removal  of  the  ligament  in  the  inguinal  canal  permits 
complete  obliteration  of  the  canal,  it  is  better  to  tie  the  round  liga- 
ment and  the  sac  together,  transplanting  the  stump  to  the  inner 
aspect  of  the  abdominal  wall  as  previously  described. 

In  congenital  hernia  in  the  male  (vaginal  form)  the  entire  sac,  ex- 
cept the  testicular  layer  of  the  tunica  vaginalis,  may  be  excised,  a 
difficult  and  tedious  proceeding;  the  upper  portion  of  the  sac  may 
be  removed,  and  the  opening  in  the  lower  portion  sutured  to  form 
the  tunica  vaginalis;  or,  what  is  more  simple,  the  neck  of  the  sac 
may  be  ligated,  divided  below  the  ligature,  and  the  sac  turned  inside 
out,  as  in  the  eversion  operation  for  hydrocele. 

Direct  hernia  is  exposed  in  the  same  manner  as  the  oblique  form, 
except  that  instead  of  incising  the  infundibuliform  fascia  over  the 
cord,  the  transversalis  fascia  must  be  divided  in  Hesselbach's  triangle, 
the  fascia  subsequently  being  overlapped  by  means  of  sutures.  The 
internal  ring  is  not  concerned  in  direct  hernia,  but  should  be  treated 
as  in  oblique  hernia  if  it  seems  too  large.  The  inguinal  canal  is 
closed  as  already  indicated  for  indirect  hernia,  most  op)erators  pre- 
ferring transplantation  of  the  cord,  as  in  the  Bassini  operation,  ia 
order  to  fortify  Hesselbach's  triangle  with  a  layer  of  muscle. 

Transplantation  of  periosteum  or  fascia  lata  has  been  employed 
in  cases  in  which  the  hernial  orifice  is  large  and  the  muscular  struc- 
tures atrophied.  A  pedunculated  flap  may  be  turned  outwards , 
and  downwards  from  the  sheath  of  the  rectus  muscle  and  sutured  to 
Poupart's  ligament,  or  the  sheath  may  be  incised  and  the  muscular 
fibers  drawn  down  to  the  ligament,  but  as  both  these  procedures 
weaken  the  rectus  they  are  not  recommended. 

In  interstitial  hernia,  in  additioYi  to  tracing  carefully  the  relations 
of  the  sac,  it  will  usually  be  necessary  to  deal  with  an  undescended 
testicle  (q.v.).    In  the  only  case  of  properitoneal  inguinal  hernia  in 
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which  we  have  operated,  the  incision  was  made  in  the  median  line, 
owing  to  failure  to  recognize  the  cause  of  the  obstructive  symptoms, 
and  the  sac  obliterated  from  within  the  abdomen. 

In  sliding  hernia  of  the  colon  there  are  three  dangers  to  be  re- 
membered.   The  extraperitoneal  portion  of  the  bowel  may  be  incised 
for  the  sac.    The  peritoneal  reflections  from  the  bowel  may  be  mis- 
taken for  adhesions,  separation  of  which  on  the  mesial  side  may  result 
in  damage  to  the  nutrient  vessels  and  gangrene  of  the  intestine. 
When  a  large  hernia  of  the  ordinary  variety  grows  chiefly  at  the 
expense  of  the  parietal  peritoneum  on  the  outer  side  of  the  internal 
inguinal  ring,  a  small  section  of  the  colon,  partly  covered  with  peri- 
toneum, may  appear  in  the  neck  of  the  sac,  and,  being  regarded  as 
merely  a  thickening  of  the  tissues  at  this  point,  be  ligated  with  the 
sac.    If  one  suspects  a  sliding  hernia  of  the  colon  the  sac  should 
never  be  oj)ened  to  the  outer  side  or  posteriorly,  and  never  without 
making  certain  that  only  the  peritoneum  is  being  divided;  adhesions 
and    thickenings  must   always   be   carefully   investigated.    After 
incising  the  sac  well  to  the  inner  side,  the  flap  of  peritoneum  thus 
formed  can  be  wrapped  around  the  bowel  and  fastened  with  a  few 
stitches,  so  as  to  form  a  mesocolon.     The  bowel  may  then  be  reduced, 
and  the  remaining  opening  in  the  peritoneum  closed  with  sutures. 
In  order  to  prevent  recurrence  some  surgeons  advise  suturing  the 
herniated  bowel  to  the  anterior  abdominal  wall  (colopexy)  through  a 
separate  incision.    Our  own  practice  is  to  excise  the  sac,  close  the  peri- 
toneal opening  with  a  purse-string  suture,  and  transplant  the  puckered 
dosure  in  the  manner  already  described  for  transplantation  of  the 
stump  of  the  sac  in  ordinary  oblique  hernia,  except  that  the  displace- 
ment is  upwards  and  outwards,  instead  of  upwards  and  inwards;  the 
herm'ated  colon  is  thus  carried  nearer  to  its  normal  situation,  and 
fixed  to  the  abdominal  wall. 

Hernia  of  the  bladder,  as  pointed  out  in  the  general  remarks  on 
the  structure  of  hernia,  may  be  diagnosticated  before  operation. 
In  most  instances,  however,  the  condition  is  not  recognized  until 
the  bladder  is  exposed,  and,  in  some  instances,  incised,  an  extraperi- 
toneal vesical  pouch  being  mistaken  for  the  sac.  In  the  event  of 
such  an  accident  the  wound  should  be  sutured  like  a  wound  in  the 
intestine,  and  a  retention  catheter  passed  into  the  bladder  through 
the  urethra.  Ligation  of  a  portion  of  the  bladder  with  the  sac  like- 
wise has  occurred,  urine  escaping,  after  the  ligated  piece  of  bladder 
has  sloughed,  into  the  peritoneutn  or  the  extraperitoneal  cellular 
tissue.  The  bladder  lies  to  the  inner  side  of  and  behind  the  other 
contents  of  the  rupture,  and  is  usually  covered  with  a  large  quantity 
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of  fat.  As  a  rule,  it  can  be  easily  recognized  by  palpation,  a 
opening  the  sac  well  to  the  outer  side.  The  appearance  of  the  mu 
lar  tibres  is  distinctive,  but  they  may  be  absent  in  a  diverticuhir 
the  bladder.  If  there  is  doubt,  the  bladder  may  be  distended  < 
sound  passed  into  it.  A  vesical  diverticulum  should  be  excised, 
a  protrusion  consisting  of  all  the  coats  of  the  bladder  should 
reduced,  and,  after  transplanting  the  neck  of  the  sac  upwards 
inwards,  the  inguinal  canal  closed  in  the  usual  manner. 

A  herniated  ovary.  Fallopian  tube,  or  uterus  should  be  reduce 
healthy,  removed  if  diseased. 

Femoral  hernia  (Fig.  456)  constitutes  10  per  cent,  of  all  hem 
and  is  more  frequent  in  females  owing  to  the  larger  size  of  the  en 
canal,  consequent  upon  the  wider  pelvis,  but  even  in  females  i 
less  common  than  the  inguinal  variety.  The  hernia  passes  ali 
the  femoral  canal  and  protrudes  through  the  saphenous  openi 
The  internal  ring  is  formed 
Poupart's  ligament  in  front, 
pectineal  line  and  fascia  behi 
Gimbernat's  ligament  on  the 
side,  and  the  inner  septum  of  1 


^to- 


femoral  sheath  on  the  outsi 
The  external  ring  is  formed  by  1 
saphenous  opening.  Occasiona 
the  obturator  artery  arises  fn 
the  deep  epigastric  and  passesak 

Fig.  456— Femoral  hernift.  ^j^^  ^g^  ^j  Gimbemat's  liganie 

The  coverings  of  a  femoral  hernia  are  peritoneum,  septum  crura 
anterior  layer  of  the  femoral  sheath,  cribriform  fascia,  deep  a 
superficial  fascia?,  and  the  skin.  After  the  hernia  has  passed  throu 
the  saphenous  opening,  it  is  bent  at  an  angle,  and  usually  pas 
upwards  and  outwards,  because  of  the  attachment  of  the  deep  laj 
of  the  superficial  fascia. 

The  signs  are  those  of  other  forms  of  hernia  (p.  802).  Theswt 
ing  is  seldom  large,  and,  owing  to  the  amount  of  fat  on  the  sac. 
usually  more  or  less  lobular,  and  may  still  be  perceptible  even  af 
reduction  of  the  contents.  The  neck  lies  to  the  inside  of  the  femo 
vessels,  to  the  outer  side  of  the  pubic  spine,  and  below  Poupai 
ligament. 

The  diagnosis  is  facilitated  by  determining  the  exact  situatioi 
the  swelling.  (Fig.  457).  The  distinguishing  features  of  ingw 
hernia,  enlarged  glands,  lipoma,  and  psoas  abscess  are  given  under 
Diagnosis  of  Inguinal  Hernia.     An  iliopsoas  bursa  limits  exteni 
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of  the  hip  appears  outside  the  femoral  vessels  and  is  dull  on  percus- 
sion. Varix  of  the  saphenous  vein  at  the  saphenous  opening  has  all 
the  signs  of  an  enterocele,  except  that  it  is  dull  on  percussion.  How- 
ever, the  walls  of  a  sacular  venous  dilatation  are  thin  (not  thick  and 
fatty)  and  the  contents  fluid.  The  swelling  may  be  reduced,  but 
with  a  thrill  instead  of  a  gurgle,  and  it  reappears  from  below  upwards, 
even  when  the  finger  blocks  the  femoral  canal.  The  veins  below  are 
often  dilated,  and  if  one  taps  on  them  a  wave  can  be  felt  in  the  tumor, 
and  vice  versa.  Obturator  hernia  lies  deep  under  the  adductor  mus- 
cles and  is  very  rare  (vide  infra). 
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Pig.  457- — Situation  of  EwelUnas  in  the  groin,  (i)  Inguinal  hernia.  (»)  Fomoral 
henua;  sapbeaous  opening.  (3)  Obturator  hernia,  (4)  Iliopsoas  burss.  (5,  5.  S) 
Inguinal  lymph  glands,      (a  and  6)  Femoral  lymph  glands. 

The  treatment  may  be  palliative,  a  truss  somewhat  similar  to 
that  used  for  inguinal  hernia  being  employed,  except  that  the  pad 
rests  over  the  femoral  canal  at  the  level  of  Gimbernat's  ligament. 

The  operatiTe  treatment  is  simple,  safe,  and  satisfactory.  Bas- 
sini's  operation  is  as  follows:  An  incision,  parallel  with  and  below 
Poupart's  ligament,  is  made  over  the  sac,  which  is  isolated,  opened, 
and  Ugated  as  in  inguinal  hernia.  Poupart's  ligament  is  then  sutured 
to  the  pectineal  fascia,  to  close  the  internal  ring,  and  the  plica  falci- 
formis  of  the  fascia  lata  is  sutured  to  the  pectineal  fascia,  thus  closing 
the  canal  (Fig.  458).  Care  should  be  taken  not  to  injure  or  compress 
the  femoral  vein. 

Id  cases  in  which  there  is  a  coexisting  inguinal  and  femoral  hernia, 
the  latter  can  be  dealt  with  through  the  inguinal  canal.     Indeed 
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some  operators  prefer  the  inguinal  route  for  all  cases  of  femoral  beimi, 
pointing  out  that,  when  approached  from  above,  the  sacismoR' 
certain  to  be  removed  in  its  entirety  and  the  internal  femoral  riig 
more  effectively  sutured.  The  inguinal  canal  is  opened  as  la 
inguinal  hernia;  the  round  ligament  or  spermatic  cord  retractid 
upwards;  the  transversalis  fascia  in  Hesselbach's  triangle  iodsd 
parallel  with  and  close  to  Foupart's  ligament,  care  being  taken  nH 
to  injure  the  deep  epigastric  vessels;  the  peritoneum  opened;  the sx 
drawn  from  its  canal  by  steady  traction,  aided,  if  need  be,  by  snf- 
ping  the  border  of  Gimbernat's  ligament,  or,  in  cases  in  which  the  sic 
is  closely  adherent  beneath  the  skin,  by  undermining  the  lower  edgt 
of  the  cutaneous  incision;  the  sac  excised  after  ligation  of  itsud; 
the  internal  femoral  ring  obliterated  by  passing  sutures  timngk 
Cooper's  and  Poupart's  ligaments;  the  transversalis  fascia  sutured; 
and  the  inguinal  sac  closed  as  in  the  operation  for  inguinal  herm 
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Pic.  458. — Bassini's  opciation  for  Eemoral  hernia. 

Umbilical  hernia  represents  5  per  cent,  of  all  hernias.  Theteut 
three  forms: 

1 .  Congenital  tunbilical  hernia,  or  exomphalos,  is  the  result  oi 
imperfect  closure  of  the  abdominal  walls,  the  contents  varying  fron 
a  small  loop  of  bowel  to  a  large  part  of  the  viscera  (ectopia  viscerv*)- 
The  hernia  is  covered  by  a  transparent  membrane  composed  d 
peritoneum  and  tissues  of  the  umbilical  cord.  The  condition  is  lU* 
and  if  o\'erlooked  the  bowel  may  be  tied  with  the  cord.  The  twal- 
ment  of  a  small  hernia  is  an  aseptic  dressing,  with  pressure.  In  larger 
profusions  the  contents  should  be  reduced,  the  sac  removed,  and  the 
opening  closed  with  sutures,  as  cases  in  which  operation  is  with- 
held are  quickly  fatal  from  sloughing  of  the  sac. 

2.  Infantile  umbilical  hernia  is  due  to  stretching  of  the  umlulicil 
cicatrix,  consequently  does  not  appear  as  a  rule  until  the  child  k 
several  weeks  or  months  old.    The  hernia  is  usually  of  smiQ 
and  tends  towards  spontaneous  recovery.    Operation  is 
seldom  required,  unless  the  rupture  persists  afto*  puber^. 
sources  of  straining,  e.g.,  constipation,  phimosis,  etc. 
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removed,  and  reduction  maintained  by  a  flat  pad,  larger  than  the 
ring  (a  covered  penny  is  often  employed) ,  held  in  place  by  a  broad 
strap  of  adhesive  plaster. 

3.  Umbilical  hernia  of  adults  is  caused  by  stretching  or  rupture 
of  the  tissues  in  the  immediate  vicinity  of  the  umbilicus,  as  the 
result  of  increased  intraabdominal  pressure,  hence  is  most  frequent 
in  obese  women  who  have  borne  many  children.  In  most  cases  the 
protrusion  begins  at  the  point  where  the  umbilical  vein  passed  into 
the  abdomen,  i.e.,  at  the  upper  margin  of  the  naval,  which  is  dis- 
placed downwards  or  to  one  side.  The  hernia  often  attains  a  large 
size,  and  as  it  is  exposed  to  various  forms  of  irritation,  the  contents 
are  prone  to  become  adherent  to  one  another  and  to  the  sac.  Not 
infrequently,  therefore,  the  sac  is  divided  into  several  parts,  and  the 
hernia  is  often  irreducible,  thus  predisposing  to  strangulation.  The 
cinerings  are  peritoneum,  transversalis  fascia,  and  skin,  or,  in  some  ' 
instances,  only  peritoneum  and  very  thin  skin.     Ulceration  of  the 
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Pig.  459. — Mayo's  operation. 

coverings  may  occur,  but  perforation  or  actual  rupture  is  the 
exception. 

The  treatment  should  be  palliative,  if,  in  the  absence  of  serious 
complications,  the  patient  is  advanced  in  years  and  extremely  fat. 
A  pad  truss  should  be  worn,  unless  the  rupture  is  irreducible,  when 
some  form  of  cup  or  bag  truss  may  be  needed. 

The  Mayo  operation  is  the  most  satisfactory  in  cases  in  which 
radical  treatment  is  indicated.  The  hernia  is  surrounded  by  trans- 
verse elliptical  incisions  and  the  aponeurotic  structures  about  the 
ring  exposed.  The  sac  is  opened,  and  divided  at  its  neck,  adherent 
intestines  separated  and  reduced;  adherent  omentum  ligated,  and 
removed  with  the  sac  and  skin.  The  peritoneum  is  separated  from 
the  edges  of  the  ring  and  sutured  transversely.  Mattress  sutures 
of  chromidzed  catgut  are  introduced  an  inch  or  more  above  the 
edge  of  the  upper  flap,  catching  the  margin  of  the  lower  flap  en  route, 
thus  sliding  it  into  the  space  between  the  peritoneum  and  upper 
flap  (Fig.  459)-    The  lower  edge  of  the  upper  flap  is  sutured  to  the 
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aponeurosis  below.  Konig  suggests  fortifying  the  line  of  suture, 
in  operations  for  umbilical  and  other  forms  of  hernia,  by  covering  it 
with  a  free  transplant  of  fascia  or  periosteum,  which  is  fixed  in  place 
with  catgut  stitches.  Very  large  hernial  orifices  have  been  closed 
by  the  implantation  of  a  perforated  celluloid  plate  or  a  network  of 
silver  wire. 

Ventral  hernia  is  a  hernia  in  any  portion  of  the  anterior  abdomi- 
nal wall,  excepting  those  mentioned  above.  It  may  be  median  or 
lateral.  There  are  two  principal  varieties  of  median  hemit. 
I.  Hernia  of  the  linea  alba  forms  i  per  cent,  of  all  cases  of  hernia. 
It  is  most  frequent  about  midway  between  the  umbilicus  and  the 
ensiform  {epigastric  hernia),  at  the  point  where  the  middle  linea 
transversa  of  the  rectus  joins  the  median  line,  because  at  this  point 
the  greatest  strain  occurs  when  the  recti  are  brought  into  action;  it 
is  usually  preceded  by  a  subperitoneal  lipoma,  which  insinuates 
itself  between  the  meshes  of  the  linea  alba  and  draws  a  sac  of  peri- 
toneum after  it.  Sometimes  a  lipoma,  with  or  without  a  hernial 
sac,  appears  just  above  the  umbilicus,  at  the  juncture  of  the  lowest 
linea  transversa  with  the  median  line,  and  occasionally  there  are 
several  lipomata  between  the  ensiform  and  the  tmibilicus.  Con- 
genital apertures  in  the  linea  alba  are  very  rare.  Epigastric  hernia 
is  most  common  in  healthy,  hard  working  men,  and  is  frequently 
insignificant  in  size,  hence  overlooked.  It  may  cause  epigastric 
pain,  vomiting,  and  other  gastric  symptoms.  Truss  treatment  b 
inapplicable  as  the  hernia  is  seldom  reducible.  The  lipoma  should 
be  excised  with  the"  sac,  and  the  opening  in  the  abdominal  wall 
closed  with  sutures.  The  stomach  and  adjacent  organs  should 
always  be  explored  at  the  same  time,  to  make  sure  that  the  symp- 
toms are  not  due  to  some  graver,  disease.  2.  Diastasis  of  the  recti 
muscles  is  most  commonly  observed  in  multipara;  it  causes  a  stretch- 
ing of  the  linea  alba,  which  encourages  a  prolapse  of  all  the  abdominal 
viscera.  The  diagnosis  is  readily  made  by  having  the  patient, 
when  lying  down,  fold  the  arms  and  raise  the  head  and  shoulders, 
the  whole  linea  alba  bulging  forwards  in  a  long  mound-like  eminence, 
reaching  from  the  ensiform  to  the  pubes  The  treatment  is  that  of 
G16nard's  disease.  In  some  cases  marked  benefit  has  been  obtained 
by  suturing  the  recti  together,  or,  better,  by  overlapping  them,  with 
the  redundant  linea  alba.  Lateral  ventral  hernia  is  most  frequent 
in  the  senilunar  line  at  a  point  where  it  is  crossed  by  the  omphalo- 
spinous  line,  owing  to  the  fact  that  a  branch  of  the  epigastric  arten' 
pierces  the  wail  in  this  situation.  It  is  the  result  of  increased  intra- 
abdominal pressure.     Postoperative  or  postincisional  hernias  may. 
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of  course,  occur  in  any  portion  of  the  abdomen,  and  are  particularly 
prone  to  develop  if  the  wound  suppurates  or  if  drainage  has  been 
employed.  As  the  contents  of  the  hernia  are  often  adherent  to  the 
coverings,  and  a  peritoneal  sac  may  be  absent,  instead  of  incising 
directly  over  the  protrusion,  it  is  usually  safer  to  enter  the  abdomen 
above  or  below  the  old  wound,  and  then,  after  exploration,  excise 
the  cutaneous  scar,  separate  adhesions,  reduce  the  extruded  parts, 
and  close  the  wound  by  imbrication  of  the  individual  layers  of  the 
abdominal  wall. 

Among  the  rarer  forms  of  hernia  are  the  following:  Obturator 
hernia  passes  through  the  obturator  foramen  with  the  obturator 
vessels,  appearing  deep  in  the  thigh  on  the  inner  side  of  the  femoral 
vessels  (Fig.  457).  Eckstein  (1912)  collected  194  cases.  The 
condition  is  more  common  in  women  (8  to  i)  because  of  the  larger 
size  of  the  foramen.  There  may  be  pain  in  the  hip  and  along  the 
inside  of  the  thigh  and  knee,  due  to  pressure  on  the  obturator  nerve. 
Bimanual  examination  may  reveal  a  cord-like  mass  extending  to 
the  foramen.  The  diagnosis  is  seldom  made;  even  when  the  hernia 
is  strangulated,  the  condition  is  rarely  suspected  until  after  the 
abdomen  has  been  opened  for  intestinal  obstruction.  The  sac  may 
be  exposed  by  an  incision  in  the  upper  and  inner  angle  of  Scarpa 's 
triangle,  and  the  constriction  relieved  by  cutting  inwards,  since 
the  obturator  artery  usually  lies  below  and  to  the  outer  side.  The 
opening  may  be  closed  with  a  flap  of  muscle  or  periosteum.  The 
mortality  is  70  per  cent. 

Lumbar  hernia  occurs  in  Petit 's  triangle,  and  is  treated  as  a 
ventral  hernia. 

Sciatic  hernia  emerges  from  the  pelvis  through  one  of  the  sciatic 
foramina,  and  appears  in  the  gluteal  region. 

Perineal  hernias  aret  hose  passing  through  the  pelvic  diaphragm 
and  appearing  in  the  perineum,  towards  the  rectum  (rectal  hernia), 
vagina  (vaginal  hernia),  or  in  the  lower  part  of  the  labium  (pudendal 
hernia).  Inguinal  perineal  hernia  is  one  which  follows  an  aberrant 
testicle  into  the  perineum. 

Internal  hernia  occurs  in  two  forms,  (i)  the  diaphragmatic,  and 
(2)  the  retroperitoneal. 

I.  Diaphragmatic  hernia  is  more  frequent  on  the  left  side, 
because  the  diaphragm  is  weaker  at  this  point,  and  because  the 
liver  is  on  the  right  side.  Although  any  of  the  abdominal  viscera 
may  pass  into  the  thorax,  the  stomach  and  transverse  colon  are  the 
organs  usually  herniated.  The  hernia  may  be  (a)  congenital  or 
(b)  acquired. 

52 
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(a)  The  congenital  form  is  the  more  frequent.  When,  as  b 
usually  the  case,  it  arises  before  the  separation  of  the  thorax  from 
the  abdomen,  it  pft-sses  through  a  developemental  defect  in  the 
diaphragm,  and  has  no  sac  (false  diaphragmatic  hernia).  Wha 
it  protrudes  through  an  unusually  large  normal  aperture,  e.g.,  the 
esophageal  opening,  it  may  have  a  sac  {true  diaphragmatic  kerm), 

(b)  The  acquired  form  may  follow  a  crush  of  the  thorax  a  i 
severe  twist  of  the  body,  resulting  in  rupture  of  the  diaphragm,  or 
it  may  follow  a  stab  or  gunshot  wound,  hence  has  no  sac  (Jdsf 
diaphragmatic  hernia). 

The  sjrmptoms  are  abdominal  pain,  dyspnea,  vomiting,  sonw* 
times  hematemesis,  and,  in  the  event  of  strangulation,  those  of 
acute  intestinal  obstruction.  Volvulus  of  the  stomach  (q.v.)  is  a 
possibility.  It  must  be  noted  that,  in  many  instances,  the  con- 
genital form  causes  no  trouble.  In  traumatic  cases  the  history  of 
an  injury  followed  by  shock,  dyspnea,  cyanosis,  intense  pain,  cougli, 
thirst,  and  hiccough  m^y  be  obtained.  The  signs  are  those  of 
pneumothorax,  limited  to  the  lower  chest,  and  displacement  fli 
the  heart  to  the  right.  The  t3rmpanitic  note  is  extended  and  inten- 
sified by  distending  the  stomach  or  the  colon  with  air,  and  perhaps^^ 
placed  by  dulness  when  these  organs  are  filled  with  water.  Litten's 
sign  is  usually  absent.  The  X-ray  shows  the  displacement  of  the 
heart,  an  irregular  or  incomplete  diaphragmatic  shadow,  and  a  cletf 
area  above  the  line  of  the  diaphragm,  through  which  area  the  mottW 
shadow  of  the  lung  may  be  seen.  This  clear  area  may  be  renderrf 
dense  by  injecting  barium  into  the  stomach  or  the  colon.  Witk 
the  fluoroscope  a  paradoxical  movement  of  the  diaphragm  may  ^ 
observed,  i.e.,  during  inspiration  the  affected  side  ascends  whik 
the  normal  side  descends,  during  expiration  the  affected  side  descend* 
while  the  normal  side  ascends.  If,  however,  the  abdominal  musdes 
are  strongly  contracted  during  expiration  the  affected  side  of  th^ 
diaphragm  is  forced  upwards.  The  diagnosis  has  been  made  bcfoW 
operation  or  death  is  only  15  of  the  160  cases  reported  (Giffin),bttt 
if  the  possibility  of  diaphragmatic  hernia  is  kept  in  mind  and  all 
suspected  cases  are  carefully  studied  this  condition  should  be  rccof 
nized  more  often  in  the  future.  Diaphragmatic  hernia  may  be 
confused  with  pneumothorax  and  elevation  of  the  diaphragiB- 
In  pneumothorax  the  tympany  usually  extends  over  the  irfwl^ 
thorax,  and  is  uninfluenced  by  distention  of  the  stomach  or  tl* 
colon  with  air  or  water.  The  breath  sounds  may  be  amphod^ 
distant,  or  absent,  while  in  diaphragmatic  hernia  the  breath  S0aBdl| 
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and  vocal  fremitus  may  be  present,  and  the  metallic  tinkling  coin- 
cides with  the  peristaltic  movements  of  the  stomach  or  intestine 
rather  than  with  respiration.  The  coin  test  is  positive  more  fre- 
quently in  pneumothorax,  and  repeated  vomiting  less  apt  to  occur. 
A  skiagram  will  show  an  intact  diaphragm,  and  no  change  in  the 
clear  area  after  a  bismuth  meal.  Elevation  of  the  diaphragm  is  a 
condition  in  which  one  side  of  the  diaphragm  usually  the  left,  is 
much  higher  than  normal.  It  may  be  transient,  probably  as  the 
result  of  some  temporary  affection  of  the  phrenic  nerve,  or  perma- 
nent. It  is  differentiated  from  diaphragmatic  hernia  by  means  of 
the  X-ray.  Thexiiaphragmatic  shadow,  though  elevated,  is  normal 
in  outline,  and  beneath  it  are  the  shadows  of  the  stomach  and  the 
colon. 

Thetreatme]itconsists,underintratrachealinsufflationanesthesia, 
in  opening  the  lower  part  of  the  thorax,  possibly  by  reflecting  a 
section  of  the  eighth  and  the  ninth  ribs,  reducing  the  hernia,  and 
suturing  the  wound  in  the  diaphragm.  If  the  opening  is  too  large 
to  be  sutured  it  may  be  patched  with  a  free  transplant  of  fascia  lata. 
In  most  of  the  cases  of  diaphragmatic  hernia  in  which  the  abdomen 
has  been  opened  in  order  to  deal  with  an  intestinal  obstruction  of 
unknown  origin  the  diaphragm  has  been  closed  from  below.  Even 
in  these  cases  it  would  perhaps  be  better,  after  the  diagnosis  has 
been  established  by  abdominal  section,  to  open  the  thorax,  since 
reduction  of  the  hernia  and  suture  of  the  orifice  are  thus  facilitated. 
Scudder  collected  53  operations,  11  thoracic,  42  abdominal;  14  of 
the  patients  recovered. 

2.  Retroperitoneal  hernia  occurs  in  the  following  situations: 
(a)  Foramen  of  Winslow.  (b)  Recessus  duodeno-jejtinalis;  the 
margin  of  this  fossa  contains  the  inferior  mesenteric  vein  or  colica 
sinistra  artery,  a  fact  to  be  remembered  if,  in  a  case  of  strangulated 
hernia  in  this  vicinity,  enlargement  of  the  opening  is  necessary. 
(c)  Pericecal  fossae^  of  which  theie  are  three,  the  retrocecal,  behind 
the  cecum  and  external  to  the  mesoappendix;  the  superior  ileocecal , 
in  the  upper  angle  formed  by  the  junction  of  the  ileum  and  cecum; 
and  the  inferior  ileocecal,  in  the  lower  angle  formed  by  the  ileum  and 
cecum,  (d.)  Intersigmoid  fossa,  at  the  root  of  the  mesocolon  on  the 
left  side,  (e.)  Retrovesical  fossa.  A  retroperitoneal  hernia  rarely 
causes  trouble  unless  it  become  strangulated,  when  the  symptoms 
are  those  of  intestinal  obstruction.  The  treatment  is  laparotomy 
and  reduction  of  the  hernia.  Obliteration  of  the  hernial  orifice 
by  sutures  may  be  attempted  in  suitable  cases. 


820  MANUAL   OF    SURGFRY 


ACCroENTS  OF  HERNIA 


Irreducible  hernia  that  is  not  inflammed,  incarcerated,  orstraa- 
gulated  presents  all  the  signs  of  a  reducible  one,  except  that  k 
cannot  be  replaced  within  the  abdomen  and  is  apt  to  be  more  fen 
in  consistence.  Irreducibility  is  most  frequent  in  umbilical  heniiis 
(of  adults),  then  in  femoral,  then  in  large  scrotal  hernias.  Tbe 
causes  are:  i.  Adhesions  (a)  between  the  contents  and  the  sac, 
(b)  among  the  contents,  forming  a  mass  which  will  not  pass  throu^ 
the  ring,  (c)  giving  rise  to  cystic  accumulations,  or  (d)  causing 
thickening  of  the  neck  or  other  portion  of  the  sac.  2.  Excts^ 
deposit  of  fat y  either  in  the  herniated  omentum  or  mesentery,  w 
within  the  abdomen,  in  the  latter  instance  the  hernia  cannot  be 
returned  because  of  want  of  room.  An  irreducible  hernia  resultiaj 
from  the  causes  just  mentioned  is  always  liable  to  become  inflamei 
incarcerated,  or  strangulated. 

The  treatment  in  most  cases  is  operation ;  when  this  is  inad\Tsabk 
because  of  the  general  condition  of  the  patient,  the  hernia  may  be 
supported  by  a  bag  truss.  When  due  to  fat,  the  hernia  may  again 
become  reducible  after  strict  dieting. 

An  inflamed  hernia  is  one  in  which  there  is  a  localized  peritonitis^ 
involving  the  sac  and  possibly  the  peritoneal  covering  of  the  con- 
tained viscera.  The  causes  are  external,  e.g.,  blows,  badly  fitting 
trusses,  and  strenuous  taxis;  and  internal,  e.g.,  inflammatioOt 
ulceration,  or  perforation  of  a  herniated  appendix  or  coil  of  bowd 
peritonitis  arising  within  the  abdomen  and  extending  to  the  sac; 
also  incarceration  and  strangulation,  but  these  are  considered  in 
separate  classes.  The  symptoms  are  pain,  tenderness,  swelling, 
increased  heat,  sometimes  redness  and  edema  of  the  skin  and  oca- 
sionally  suppuration;  in  addition  there  are  general  fever  and  often 
vomiting  and  constipation.  The  hernia  is  likely  to  be  irredudbk 
and  hence  strangulation  is  strongly  suggested,  but  in  the  latter  th^ 
are  shock  instead  of  fever,  absence  of  an  impulse  on  coughing- 
absolute  constipation,  and  fecal  vomiting.  The  treatment  is  ini* 
mediate  operation,  on  the  hernia  in  those  cases  depending  up<* 
external  causes  or  causes  within  the  sac,  or  on  the  primary  lesion  in 
those  depending  upon  an  intraabdominal  infection. 

Incarcerated  or  obstructed  hernia  is  an  irreducible  hernia  in 
which  the  fecal  (not  the  blood)  circulation  is  interrupted.  It  5* 
generally  due  to  undigested  food  or  impacted  feces.  It  is  wsA 
common  in  umbilical  hernias,  because  of  the  frequency  of  adhesioiiii 
which  interfeie  with  peristalsis,  and  because  of  the  presaAce  o(m 
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transverse  colon,  which  contains  solid  feces.  The  symptoms  are 
those  of  an  irreducible  hernia  which  becomes  tender  and  painful, 
harder  and  larger  than  usual,  and  dull  on  percussion;  it  may  be 
diminished  in  size  by  pressure,  and  has  an  impulse  on  coughing. 
The  abdomen  becomes  distended  and  there  are  vomiting  (not  fecal), 
constipation  (not  absolute),  and  colicky  pain.  The  hernia  may 
become  inflamed  or  strangulated.  The  treatment  is  operation, 
unless  the  patient  is  old,  or  in  poor  condition  from  some  independent 
affection,  when  gentle  taxis,  may  be  tried,  but  even  under  these 
circumstances  if  treatment  is  not  quickly  successful,  or  if  symptoms 
of  strangulation  ensue,  operation  should  be  performed. 

Taxis  or  the  manipulations  for  the  reduction  of  a  hernia,  should 
always  be  gentle,  because  of  the  danger  of  rupture  of  the  bowel. 
It  should  not  be  employed  in  the  presence  of  inflammation  or 
strangulation.  Reduction  is  facilitated  by  having  the  patient 
recumbent,  the  thighs  flexed  (and  that  of  the  affected  side  adducted 
in  femoral  or  inguinal  hernia),  and  the  pelvis  raised.  The  adminis- 
tration of  opium  and  belladonna  and  the  application  of  heat  also 
are  useful  in  securing  relaxation.  One  hand  is  used  to  steady  the 
neck  of  the  sac,  while  with  the  other  the  hernia  is  compressed  and 
pushed  back  into  the  abdomen.  In  direct  inguinal  and  umbilical 
hernia  the  pres3ure  is  backwards;  in  oblique  inguinal  hernia  upwards, 
outwards,  and  backwards;  in  femoral  hernia  at  first  downwards 
and  inwards,  then  upwards  and  backwards.  The  successful  re- 
duction of  bowel  is  sudden  and  accompanied  by  a  gurgle;  omentum 
is  forced  back  slowly  without  gurgling.  The  continuance  of  symp- 
toms after  apparent  reduction  may  be  due  to  (i)  incomplete  reduction, 
(2)  reduction  en  masse  (see  "Interstitial  Hernia''))  (3)  recurrence 
of  the  hernia,  (4)  the  presence  of  some  other  form  of  intestinal 
obstruction,  (5)  paralysis  of  the  bowel,  (6)  peritonitis,  (7)  reduction 
of  gangrenous  or  perforated  bowel,  (8)  reduction  of  bowel  which 
is  obstructed  by  adhesions  or  through  a  slit  in  the  omentum,  or  to 
(9)  the  effects  of  an  anesthetic,  which,  it  must  be  added,  should 
not  be  employed  unless  one  intends  to  perform  herniotomy.  With 
the  exception  of  the  last  named  condition,  the  persistence  of  symp- 
toms after  apparent  reduction  calls  for  operation. 

Strangulated  hernia  is  one  in  which  the  contents  are  so  firmly 
constricted  that  the  circulation  of  blood  is  cut  off.  Interference  with 
the  fecal  circulation  is  usual  but  not  essential,  since  the  hernia 
may  be  an  epiplocele  or  a  Richter's  hernia. 

The  cause  of  strangulation  is  sudden  augmentation  in  the  size 
of  the  hernia,  from  the  extrusion  of  additional  contents,  from  con- 
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gestion  or  inflammation,  or  from  fecal  or  gaseous  accumulations. 
In  adults  the  varieties  of  hernia  in  which  strangulation  is  most 
likely  to  occur  are  the  indirect  inguinal,  the  femoral,  the  umbilical, 
and  the  postoperative.     The  smaller  the  orifice  the  greater  the 
chance  of  its  gripping  an  extruded  coil  of  bowel;  a  pure  epiploceleis 
seldom  caught.     Strangulation  is  infrequent  in  children,  and  rare 
in  epigastric  hernia  and  direct  inguinal  hernia.     The  siU  of  con- 
stricHon  is  usually  the  hernial  orifice,  but  it  may  be  in  the  neck  of 
the  sac  alone,  or  elsewhere  in  the  sac  as  the  result  of  adhesions  or 
constrictions.    At  this  point  the  intestine  is  furrowed  and,  if  the 
constriction  has  lasted  long  enough,  ulcerated.     Occasionally  this 
ulcerated  area  perforates  after  reduction  of  the  bowel,  or  by  healing 
causes  an  annular  stricture  and  intestinal  obstruction.     The  strangu- 
lated loop  is  distended  with  gas,  and  varies  in  appearance  according 
to  the  degree  and  the  duration  of  the  strangulation.     In  the  first 
stage,  in  which  the  venous  circulation  only  is  affected,  the  gut  wall 
is  thickened  from  congestion  and  edema,  dark  red  in  color,  smooth 
and  elastic  to  the  touch,  and  glistening  in  appearance,  although  in 
places  small  ecchymoses  may  be  seen.     The  vessels  can  be  emptied 
by  pressure,  and  refill  promptly  when  the  pressure  is  removed.    In 
this  stage  relief  of  the  constriction  is  followed  by  complete  recovery 
of  the  gut.    Later,  owing  to  the  swelling  of  the  hernial  contents, 
the  arterial  circulation  is  arrested,  and  this  leads  to  moist  gangrene. 
The  gut  becomes  sodden,  black,  lusterless;  the  vessels  are  throm- 
bosed and  cannot  be  emptied  by  pressure;  and  bacteria  escape  in 
large  numbers   through  the  intestinal  wall.     Finally  perforation 
may  occur,  either  spontaneously  or  as  the  result  of  manipulations. 
The  changes  in  the  bowel  above  and  below  the  seat  of  strangulation 
are  identical  with  those  in  other  forms  of  acute  obstruction  (see 
intestinal  obstruction).    Even  when  obstruction  is  not  complete, 
e.g.,  in  a  Richter's  hernia,  the  bowel  may  be  paralyzed.    The  sac 
is  inflamed,  owing  to  the  passage  of  bacteria  through  the  intestinal 
walls,  and  usually  contains  fluid,  which  is  at  first  clear,  but  in  the 
later  stages  becomes  bloody  and  finally  dark  brown  in  color  and 
offensive  in  odor.     Sloughing  of  the  sac  is  rarely  seen;  it  may  be 
due  to  the  inflammation  or  to  strangulation  of  the  sac.    The  parts 
about  the  sac  are  usually  unaffected,  but  occasionally  in  unrelieved 
cases  they  become  inflamed  and  break  down,  thus  leading  in  rare 
instances  to  spontaneous  cure  by  the  formation  of  an  artificial  anus. 
Retrograde  strangulation  is  a  condition  in  which  the  end  of  a  piece 
of  bowel  or  omentum  in  a  hernia  passes  back  into  the  abdomen, 
becoming  strangulated  at  the  hernial  orifice,  the  remaining  portion 
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of  the  hernia  being  uninvolved.  Doubtless  some  of  the  cases  of 
so-called  retrograde  strangulation  are  due  to  the  escape  of  two  coils 
of  intestine  (hernia  en  W) ,  the  connecting  loop  within  the  abdomen 
becoming  strangulated ;  to  the  reduction  of  a  strangtilated  segment, 
the  sac  then  filling  with  healthy  bowel  or  omentum ;  or  twisting  of  the 
end  that  reenters  the  abdomen. 

The  symptoms  are  those  of  intestinal  obstruction,  viz.,  shock, 
abdominal  pain  and  distention,  vomiting  which  finally  becomes 
stercoraceous,  increased  peristalsis,  and  absolute  constipation.  In 
the  final  stage  the  picture  is  that  of  generalized  peritonitis.  In  even 
a  strangulated  Richter's,  Littre's,  or  omental  hernia,  there  may  be 
symptoms  of  complete  obstruction,  possibly  from  reflex  paralysis  of 
the  intestine.  The  hernia  is  irreducible,  tense,  tender,  and  painful, 
and  has  no  impulse  on  coughing.  With  the  onset  of  gangrene  pain 
and  tenderness  disappear,  and  the  hernia  becomes  softer  and  some- 
times crepitates.  Two  facts  must  be  emphasized.  First,  the 
symptoms  may  be  mild  and  the  cause  overlooked,  especially  in  old 
women  who  have  long  had  a  small  irreducible  femoral  hernia  that 
they  deem  of  no  importance  and  do  not  mention  to  the  physician, 
or  who  have  a  small  umbilical  hernia  that  is  concealed  beneath  a 
thick  layer  of  fat.  In  all  doubttul  cases  one  should  not  only  inquire, 
but  look  for  hernia.  Secondly,  gangrene  depends,  not  so  much  on 
the  duration,  as  on  the  tightness  of  the  strangulation,  hence  may 
occur  in  a  few  hours. 

The  treatment  is  immediate  operation.  If  the  circulation  in  the 
afifected  loop  of  bowel  is  really  suppressed,  taxis  is  contraindicated. 
In  many  instances  in  which  a  so-called  strangulated  hernia  has  been 
replaced  without  evil  affects  following,  the  temporary  irreducibility 
was  the  result  of  incarceration,  not  strangulation,  the  differentiation 
symptomatically,  between  these  conditions  often  being  difficult, 
sometimes  impossible. 

Operation  for  incarcerated  and  strangulated  hernia,  or  herni- 
otomy, as  it  is  sometimes  called,  should  be  preceded  by  gastric  lavage, 
especially  when  a  general  anesthetic  is  to  be  given.  Local  anesthesia 
is  much  safer,  if  the  patient  is  in  podr  condition.  The  cutaneous 
incisions  suitable  for  the  various  forms  of  hernia  have  already  been 
described.  The  sac  is  recognized  by  its  bluish  color,  the  presence 
of  subperitoneal  fat,  and  by  its  gliding  over  the  contained  viscera. 
It  almost  always  contains  fluid,  hence  can  be  opened,  unless  there  are 
adhesions,  without  much  danger  of  injuring  the  bowel.  The  nail  of 
the  left  forefinger  is  insinuated  within  the  stricture,  which  is  nicked 
sufficiently  to  release  the  gut,  with  blunt  pointed  scissors  or  a  hernia 
knife  (curved  blunt-ended  bistoury)    introduced  along  the  linger. 
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In  inguinal  hernia  the  direction  of  the  nick  is  directly  upwards,  in 
femoral  hernia  directly  inwards.     Many  surgeons  divide  the  con- 
stricting tissues  from  the  surface  towards  the  hernia,  so  that  if  any 
important  vessels  are  cut  they  may  be  caught  at  once  and  tied. 
The  bowel  must  be  carefuUv  examined  to  ascertain  whether  it  is 
viable  or  not,  and  it  should  be  withdrawn  a  little  from  the  abdomen, 
in  order  to  determine  its  condition  at  the  point  of  constriction  and  io 
make  sure  there  is  no  retrograde  strangulation  or  torsion;  the  omen- 
tum should  be  treated  in  a  like  manner.    The  bowel  is  \'iable  if  it 
retains  its  normal  luster  and  elasticity,  if  the  arteries  pulsate,  if  the 
veins  can  be  emptied  by  pressure  and  refill  promptly  when  the  pres- 
sure is  removed,  if  peristalsis  can  be  induced  by  pinching,  and  if  the 
color,  although  bluish  or  dark  red,  improves  quickly  on  the  applica- 
tion of  hot  water.     The  bowel  is  gangrenous  if  it  is  lusterless,  blad, 
sodden;  if  the  arteries  do  not  pulsate;  and  if  the  veins  are  throm" 
bosed.     Between  these  extremes  there  are  numerous  gradations, 
and  in  some  cases  even  an  experienced  surgeon  is  unable  to  say 
whether  the  bowel  will  live  or  not.     If  the  hernial  contents  arc 
healthy,  they  should  be  replaced,  and  the  radical  operation  per- 
formed if  the  patient's  condition  permits.     Any  small  ulcer  at  the 
site  of  constriction  should  be  inverted  with  Lembert  sutures.    If  the 
bowel  is  gangrenous  it  should  be  resected,  taking  care  to  go  well  above 
and  below  the  apparent  limits  of  the  gangrene,  else  sloughing  at  the 
site  of  anastomosis  may  follow.     In  femoral  hernia  it  will  usually  be 
necessary  to  make  a  second  incision  above  Poupart's  ligament  for 
this  purpose.     If  the  patient's  condition  forbids  resection,  the  bowd 
may  be  opened  and  an  artificial  anus  established;  this  is  dealt  with  at 
a  later  period  as  described  elsewhere.     If  the  condition  of  the  bowel 
is  doubtful,  it  should  be  resected  if  the  surgeon  is  skillful  and  the 
patient's  condition  good;  under  other  circumstances  it  maybe 
surrounded  with  gauze  and  the  wound  left  open.     Should  gangrene 
or  perforation  follow,  the  intestinal  contents  will  be  dischargpl 
through  the  wound ;  if  gangrene  does  not  supervene,  the  bowel  may 
be  replaced  and  the  wound  closed  at  a  later  period.     When  the 
condition  of  the  omentum  is  doubtful,  it  should  be  removed.    '^ 
mortality  mounts  from  about    5  per  cent,  when  the  herniotomy 
is  done  within  a  few  hours  of  the  onset  of  the  strangulation  up  to 
50  per  cent,  when  done  on  the  third  day,  after  which  recovery  is 
exceptional.     Sometimes  blood  appears  in  the  stools  after  operatioii» 
and  although,  as  a  rule,  of  no  serious  import,  such  an  occurreiut 
always  causes  anxiety,  since  it  may  be  due  to  thrombosis  or  deep 
ulceration.    Rarely  a  cicatricial  stricture  develops  at  the  site  of  tkKJ 
original  constriction.  • 


CHAPTER  XXVIII 

RECTUM  AND  ANUS 

Since  rectal  symptoms,  and  indeed  rectal  diseases,  may  be  due  to, 
or  associated  with,  affections  of  the  genito-urinary  apparatus, 
it,  too,  should  be  reviewed  when  the  rectum  and  anus  are  investi- 
gated. 

Examination  of  the  anus  and  rectum  may  be  made  in  the  Sims, 
knee-chest,  lithotomy,  or  squatting  position,  or  with  the  patient 
standing  and  bending  over  the  back  of  a  chair.  A  preliminary 
examination,  before  the  use  of  laxatives  or  enemata,  will  reveal  the 
character  of  any  feces  or  discharge  that  may  be  present  (pus,  blood, 
mucus,  etc.).  The  external  parts  may  then  be  cleansed  and  the 
rectum  emptied  with  an  enema. 

Inspection  of  the  external  parts  may  reveal  the  orifice  of  a  fistula, 
external  piles,  protruding  internal  piles,  fissure,  skin  diseases,  abscess, 
condylomata,  mucous  patches,  parasites  on  the  anal  hairs,  anal 
tumors,  and  similar  conditions.  By  separating  the  buttocks  and 
having  the  patient  strain,  internal  piles,  polypi,  or  a  procidentia  may 
appear. 

Digital  examination  permits  exploration  of  the  lower  four  inches 
of  the  rectum.  A  rubber  glove  should  always  be  worn,  and  the 
index  finger,  lubricated  with  sterile  vaselin  (light  oil  or  lubricating 
fluids  cause  more  pain),  introduced  gently,  first  upwards  and  for- 
wards towards  the  umbilicus,  until  the  internal  sphincter  is  passed, 
then  backwards  in  the  hoUow  of  the  sacrum.  The  sphincter  is 
twitching  and  spasmodic  in  an  acute  lesion  of  the  anus;  hard,  un- 
yielding, and  hypertrophied  in  chronic  disease;  relaxed  in  exhausting 
general  maladies.  The  finger  may  detect  an  abscess,  an  ulceration,  a 
foreign  body,  a  tumor,  a  stricture,  indurated  internal  hemorrhoids, 
procidentia,  or  the  internal  orifice  or  the  tract  of  a  fistula.  A  growth 
just  beyond  the  reach  of  the  finger  may  become  palpable  if  pressure 
is  made  on  the  lower  abdomen  with  the  other  hand  (bimanual  exami- 
nation), or  if  the  patient  strains  while  in  the  squatting  posture. 
The  coccyx,  the  prostate,  the  seminal  vesicles,  the  female  perineum 
and  pelvic  organs  also  must  be  investigated. 

Instrumental  examination  of  the  anal  canal  and  the  lower  rectum 
can  be  made  with  a  short  rectal  speculum  of  the  cylindric  or  valvular 
type  (proctoscope),  but  for  inspection  of  the  upper  rectum  and  the 
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sigmoid  the  sigmoidoscope,  preferably  that  devised  by  Tuttle,  i 
needed.  Tuttle's  instrument  is  a  long  hollow  cylinder  with  an  el« 
trie  lamp  at  the  distal  end.  The  patient  assumes  the  knee-chesi 
posture,  and,  with  the  obturator  in  position,  the  "scope"  i- 
introduced  through  the  anus,  towards  the  umbilicus,  until  tiit 
internal  sphincter  is  passed.  The  obturator  is  then  withdrawn,  and 
if  the  rectum  fails  to  distend  under  atmospheric  pressure,  a  plug, 
containing  a  glass  window,  is  inserted  in  the  proximal  end  of  the 
instrument,  and  the  inflation  made  by  means  of  a  hand  bulb,  which  is 
connected  with  a  small  tube  running  through  the  plug.  The  instru- 
ment may  then  be  passed  to  its  lull  extent,  fourteen  inches,  under 
guidance  of  the  eye.  Long  applicators,  forceps,  etc.,  are  made  lor 
diagnostic  or  therapeutic  manipulations  through  the  sigmoidoscope. 
Probing  is  employed  chiefly  for  the  diagnosis  of  fistula.  The  size  aJid 
the  shape  of  the  rectum,  or  of  rectal  sinuses  or  diverticula,  can 


Pic  460. — Imperforate  anus. 


Fig.  461  ' 


m  perforate  rectun 


be  demonstrated  with  the  X-ray,  after  the  injection  of  a  baiiuin 
mixture. 

Congenital  Malformations. — Normally,  in  the  early  stages  of 
development  the  hind-gut  communicates  in  front  with  the  allantfflS 
and  behind  with  the  neurenteric  canal.  At  a  later  period  the  gut  and 
the  genitourinary  canal  open  externally  in  a  common  passage, 
called  the  cloaca.  By  the  growth  of  a  posterior  and  two  lateral  folds, 
the  perineum  is  formed,  and  the  gut  separated  from  the  genit* 
urinary  cavity.  A  pit  called  the  proctodeum  extends  inward  from 
the  perineum,  until  finally  it  meets  and  communicates  with  the 
rectum.  According  to  the  extent  to  which  development  has  pro- 
gressed, the  following  malformations  may  be  encountered.  Antl 
stricture  may  be  enlarged  by  cutting  backwards  towards  the  coccyx- 
and  the  opening  maintained  by  the  subsequent  passage  of  bougieL 
Imperforate  anus  (Fig.  460)  is  a  condition  in  which  the  rectum  b 
developed,  but  there  is  no  proctodeum.    When  the  infant  oie^  tbe 
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KTtum  is  felt  to  bulge  at  the  point  where  the  anal  orifice  should 
e.  Imperforate  rectum  (Fig.  461),  in  which  both  the  rectum  and 
»e  proctodeum  are  developed,  but  have  not  united,  is  the  most 
jmmon  malformation,  the  septum  being  about  an  inch  above  the 
aus.  Absent  rectum  (Fig.  462)  is  a  malformation  in  which  the 
«tum  ends  bUndly  high  up,  perhaps  above  the  pelvic  brim.  The 
roctodeum  may  or  may  not  be  present.     When  the  septum  which 


Pic.  461. 


Pic.  463.- 


iouid  divide  the  cloaca  is  defective  the  rectum  may  open  into  the 
ladder  (atresia  ani  vesicalis,  Fig.  463),  urethra  (atresia  ani  ure- 
iralis,  Fig.  464),  or  vagina  (atresia  ani  vaginalis,  Fig.  465). 

The  treatment  in  all  cases,  except  anal  stricture  (vide  supra)  and 
Jesia  ani  vaginalis,  must  be  prompt,  otherwise  the  patient  dies 
'■  intestinal  obstruction.     If  no  anus  is  present,  an  incision  is  made 


Pig.  464. — Atresia  ani  urctbralis. 


Pig.  465. — Atresia  ani  Taginalit. 


the  midline  of  the  perineum  and  deepened  until  the  rectum  b 
countered,  care  being  taken  not  to  injure  the  bladder.  One  may 
llow  the  concavity  of  the  sacrum  as  high  as  its  promontory,  excis- 
5,  when  necessary,  the  coccyx  and  lower  segment  of  the  sacrum; 
len  the  rectum  is  found,  it  is  pulled  down  to  the  external  opening, 
dsed,  and  stitched  to  the  skin.  If  the  rectum  cannot  he  found, 
>  sigmoid  may  be  brought  down  into  the  wound,  or  an  artifida) 
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anus  made  in  the  inguinal  region.  When  the  anus  is  present,  the 
septum  separating  it  from  the  rectum  should  be  incised  or  excised, 
the  opening  thus  formed  being  maintained  by  the  passage  of  bougies. 
In  atresia  ani  vaginalis  the  feces  escape  without  hindrance,  hence 
operation  may  be  postponed  until  the  infant  is  several  years  old. 
The  rectum  is  detached  from  the  vagina  and  fastened  to  the  perineum 
and  the  opening  in  the  vagina  closed  with  sutures. 

Injuries  of  the  rectum  are  usually  caused  by  falling  on  a  pointed 
object,  e.g.,  a  spike,  by  the  breaking  of  a  china  bedroom  utensil, 
by  childbirth  (see  '^Lacerations  of  the  Perineum"  and  "Rectovaginal 
Fistula'')?  by  gunshot  or  bayonet  wounds,  by  fractures  of  the  pehns. 
and  by  foreign  bodies  {vide  infra).  The  rectum  may  be  wounded 
during  operations,  e.g.,  perineorrhaphy,  prostatectomy,  perineal 
section,  divulsion  of  the  sphincter,  reduction  of  rectal  prolapse,  and 
pelvic  operations,  also  by  the  passage  of  a  urethral  or  a  rectal  bougie, 
a  proctoscope,  or  an  enema  nozzle,  particularly  if  the  bowel  is  friable, 
e.g.,  from  carcinomatous  infiltration.  The  rectum  has  been  ruptured 
by  the  colpeurynter,  by  the  injection  of  compressed  air,  and  by  the 
introduction  of  the  hand  for  diagnostic  purposes.  The  symptom 
are  pain,  hemorrhage,  and  in  most  cases  shock;  the  complications 
sepsis,  periproctitis,  peritonitis,  and  secondary  hemorrhage:  the 
sequelae  stricture,  incontinence,  and  the  various  forms  of  fistula. 
The  treatment  should  be  preceded  by  a  careful  examination  to  deter- 
mine the  extent  of  the  wound,  bearing  in  mind  the  possibility  of 
injury  to  the  urethra,  bladder,  vagina,  and  small  intestine.  In 
uncomplicated  wounds  of  the  rectum  above  the  sphincters  and  below 
the  peritoneum  the  sphincters  should  be  dilated,  the  parts  irrigated 
with  salt  solution,  the  wound  sutured  with  catgut,  and  a  short  rubber 
tube,  covered  with  vaselinized  gauze,  inserted  through  the  anus  to 
lessen  intrarectal  tension,  which  might  force  fecal  matter  into  the 
perirectal  cellular  tissues.  Injuries  to  adjacent  viscera  should  be 
repaired  as  described  in  the  sections  dealing  with  those  viscera. 

Foreign  bodies  that  have  been  swallowed,  that  have  formed  in,  or 
ulcerated  into,  the  intestine  (see  ^*  Foreign  Bodies  in  the  Intestine"), 
or  that  have  been  introduced  through  the  anus  by  degenerates, 
lunatics,  or  criminals,  may  be  found  in  the  rectum.  The  sytnptofns 
are  tenesmus,  the  passage  of  blood  and  mucus  (owing  to  ulceration), 
and  possibly  obstruction  or  suppurative  periproctitis.  Large  foreign 
bodies  may  press  on  the  bladder  and  cause  frequent  micturition,  or 
on  the  sacral  plexus  and  cause  shooting  pains  in  the  lower  extremities. 
The  diagnosis  may  be  made  with  the  finger,  the  speculum,  or  the  X- 
ray.     The  treatment  is  extraction  with  the  finger  or  with  toicff^ 


RZCTUM   AND   ANUS  829 

In  some  cases  it  may  be  necessary  to  give  a  general  anesthetic  and 
split  the  anal  canal  backwards  towards  the  coccyx.  When  the  foreign 
body  is  impacted  up  near  the  sigmoid  it  may  be  safer  to  perform 
laparotomy  and  remove  it  from  above. 

Pruritus  ani,  or  itching,  is  a  symptom  which  may  be  caused  by 
local  conditions,  such  as  piles,  fissure,  fistula,  proctitis,  worms, 
pediculi,  uncleanliness,  herpes,  eczema,  and  diseases  of  the  urethra, 
bladder,  prostate,  vagina,  uterus,  or  ovaries,  or  by  general  conditions 
like  gout,  disorders  of  digestion,  nephritis,  diabetes,  jaundice,  con- 
stipation, mental  and  nervous  disorders,  and  the  opium,  alcohol, 
tea,  and  tobacco  habits.  The  treatment  is  removal  of  the  cause  and 
attention  to  the  general  health.  The  parts  should  be  kept  scrupu- 
lously clean.  The  itching  may  be  relieved  by  lotions  or  ointments 
containing  carbolic  acid  (i-is)  or  menthol  (1-30),  or  by  painting  the 
skin  with  silver  nitrate  (i-io)  or  compound  tincture  of  benzoin;  in 
the  worst  cases  the  sensory  nerves  supplying  the  part  may  be  in- 
jected with  alcohol  or  divided,  or  the  affected  skin  excised. 

Fissure  of  the  anus  is  caused  by  the  passage  of  hardened  feces, 
and  not  infrequently  accompanies  hemorrhoids  and  other  local  dis- 
eases. It  is  usually  at  the  posterior  margin  of  the  anus,  and  there  is 
often  a  ^^sentinel"  external  pile  at  its  outer  extremity.  The  principal 
symptom  is  burning  pain  on  defecation,  and  sometimes  on  walking  or 
coughing.  Constipation  is  thus  encouraged,  and  when  the  hardened 
feces  pass,  they  may  be  streaked  with  pus  or  blood.  The  ulcer  is 
seen  on  separating  the  folds  of  the  anus  and  the  sphincter  is  found 
spasmodically  contracted.  The  treatment  is  laxatives  and  the  appli- 
cation of  silver  nitrate;  if  this  fails,  the  patient  should  be  anesthe- 
tized, and  the  sphincter  stretched  with  the  thumbs,  thus  causing 
a  paralysis  for  from  five  to  ten  days,  during  which  time  the  ulcer 
heals.  The  same  result  may  be  secured  by  dividing  the  superficial 
fibers  of  the  external  sphincter  through  the  base  of  the  ulcer.  Piles 
should,  of  course,  be  removed  at  the  same  time.  Large  ulcers  may 
be  excised. 

Proctitis,  or  inflammation  of  the  rectum,  arises  from  foreign 
bodies,  polypi,  piles,  parasites,  gonorrhea,  repeated  catharsis,  irritat- 
ing enemata,  dysentery,  and  other  forms  of  colitis.  The  symptoms 
are  tenesmus,  frequent  bowel  movements,  with  mucus,  pus,  or  blood, 
and  a  sensation  of  heat  and  fullness.  The  bladder  also  may  be 
irritable.  The  rectal  mucous  membrane  may  prolapse,  and  in 
chronic  cases  there  may  be  ulceration  followed  by  stricture  formation. 
By  digital  examination  the  rectum  is  found  to  be  hot  and  tender,  and 
by  inspection  with  the  proctoscope  the  red  and  swollen  mucous 
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membrane  can  be  seen.  The  treatment  is  removal  of  the  cause,  rest 
in  bed,  liquid  diet,  suppositories  of  opium  and  belladonna,  hot  ^ti 
baths,  and  irrigation  with  very  weak  solutions  oi  silver  nitrate. 

Periproctitis  (cellulitis)  is  usually  caused  by  infection  from  the 
rectum,  as  the  result  of  disease  (.piles,  fissure,  fistula,  cancer,  etc.)  or 
injury  (hardened  feces,  swallowed  fish  bone,  etc).  It  may  be  caused 
also  by  abrasions  of  the  skin  and  affections  of  the  surrounding  tissues, 
including  the  bladder,  urethra,  prostate,  and  female  pelvic  organs. 
The  diffuse  form  spreads  rapidly,  results  in  extensive  sloughing,  is 
usually  seen  in  the  old  and  asthenic,  and  is  very  apt  to  cause  deatL 
It  is  treated  by  free  drainage  and  vigorous  stimulation.  In  the 
circumscribed  variety  an  abscess  forms  below  (ischiorectal  abscess)  ot 
above  the  levator  ani  (pelvirectal  abscess).  These  abscesses  are 
described  in  the  next  section. 

Abscesses  about  the  anus  and  rectum  occur  chiefly  in  four  situa- 
tions (Fig.  466),  in  and  beneath  the  skin  of  the  anus,  beneath  the 
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mucous  membrane  of  the  rectum,  and,  as  mentioned  in  the  preceding 
paragraph,  in  the  perirectal  cellular  tissue  below  (ischiorectal  ab- 
scess) or  above  the  levator  ani  (pelvirectal  abscess). 

An  anal  abscess  is  due  to  infection  of  a  hair  follicle  or  a  sebaceous 
gland  {follicular  abscess,  really  a  furuncle),  or  to  a  fissure  or  a  sup- 
purating external  hemorrhoid  {marginal  abscess).  Follicular  ab- 
scesses, like  boils  elsewhere,  may  be  multiple,  but  seldom  give  rise  to 
fistula;.  A  marginal  abscess  is  generally  single  and  may  cause  i 
fistula  superficial  to  the  external  sphincter.  The  symptoms  aieitciatig 
and  throbbing  pain,  worse  on  defecation  and  walking.  As  the 
condition  is  superficial  it  is  easily  recognized.  The  treatmeni  is 
incision,  removal  of  undermined  skin,  disinfection,  drainage.  U 
the  abscess  is  due  to  a  fissure,  or  an  external  pile  extending  into  the 
anal  canal,  the  sphincter  should  be  stretched. 

A  submucous  abscess,  i.e.,  between  the  mucosa  and  the  mu9- 
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oilaris,  is  generally  the  result  of  a  superficial  injury  by  a  foreign 
body,  or  of  an  ulcerated  pol)T>  or  hemorrhoid.  The  symptoms  are 
those  of  the  preceding  variety,  and  the  abscess  can  be  felt  by  digital 
examination.  The  treatment  is  diviilsion  of  the  sphincter,  incision, 
removal  of  undermined  mucous  membrane,  and,  later,  applications  of 
silver  nitrate.     Gauze  drainage  is  not  needed. 

Acute  ischiorectal  abscess  is  a  form  of  periproctitis,  hence  due  to 
the  same  causes.    Left  to  itself  the  abscess  usually  breaks  through 
the  weakest  portions  of  its  wall,  i.e.,  through  the  skin  along  side  of  the 
anus,  and  through  the  mucous  membrane  towards  the  back  of  the 
anal  canal  (between  the  sphincters)  at  the  point  where  the  posterior 
edges   of  the  levators  ani  join  the  anococcygeal  ligaments,  thus 
forming  a  complete  fistula.     Sometimes  it  burrows  across  the  median 
line    to   the  opposite  ischiorectal  fossa  (horseshoe  abscess).     The 
sym^ptoms  are  throbbing  pain,  intensified  by  coughing,  walking,  sit- 
ting, and  defecation,  sometimes  retention  of  urine,  and  always  con- 
stitutional evidences  of  sepsis.     Between  the  anus  and  the  ischial 
tuberosity  is  a  hot,  red,  tender,  brawny,  and  .edematous  .induration, 
and  on  passing  the  finger  into  the  anal  canal  a  tender,  elastic  swelling 
can  be  felt  on  the  corresp>onding  side.     The  treatment  should  be 
prompt,  in  order  to  avoid  the  formation  of  a  fistula.     A  free  antero- 
posterior incision  is  made  between  the  anus  and  the  tuber  ischii, 
and  the  cavdty  irrigated  with  salt  solution  and  packed  with  iodoform 
gauze.     The  pus  is  fetid  and  often  contains  bubbles  of  gas  (colon 
bacillus) ;  it  may  be  thick  and  yellow  or,  from  the  presence  of  altered 
blood  clot,  dark  brown.    Chronic  ischiorectal  abscess  is  usually 
tuberculous,     occasionally  syphilitic.     There  is  at  first  a  painless 
induration,  which  subsequently  softens;  in  the  later  stages  it  is  often 
infected  with  pyrogenic  organisms,  the  symptoms  then  being  thosQ 
of  an  acute  abscess.     The  local  treatment  is  that  of  acute  abscess. 
A  pelvirectal  abscess  is  one  occurring  above  the  levator  ani,  be- 
tween it  and  the  rectiun.     This  space  is  continuous  with  the  pelvic 
cellular  tissue,  hence  a  pelvirectal  abscess  is  due  more  often  to  disease 
of  the  urethra,  bladder,  prostate,  or  female  pelvic  organs,  than  to 
affections  of  the  rectimi.    Occasionally  a  psoas  or  an  appendiceal 
abscess,  or  an  abscess  proceeding  from  the  pelvic  bone  points  in 
this  region,  and  sometimes  the  pus  perforates  the  levator  ani  and 
appears  in  the  ischiorectal  foss^.     The  symptoms  are  those  of  the 
causative  lesion,  with  painful  .defecation  and  sepsis.     The  abscess 
may  be  felt  bulging  into  the  rectum  above  the  level  of  the  internal 
sphincter.    The  tirealment  is  that  of  the  cause,  with  divulsion  of  the 
sphincter  and  evacuation  of  the  abscess. 
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Fistula  in  ano  means  not  only,  as  the  term  indicates,  a.  fistula 
opening  into  the  anal  canal,  but  also  a  fistula  running  from  the  poi- 
neal  skin  to  the  rectum,  or  a  sinus  opening  into  any  portion  of  tbc 
anorectal  canal  or  upon  the  skin  in  the  neighborhood  of  the  anus. 
Fistula  connecting  the  rectum  with  other  viscera  (bladder,  vagina, 
etc.),  however,  are  not  included  under  this  heading.  Exceptio; 
punctured  wounds,  and  the  rare  non-inflammatory  fistula,  lined  by 
epithelium  and  possibly  due  to  a  small  pressure  diverticulum,  fistula 
in  ano  is  always  caused  by  the  breaking  of  an  abscess  through  tbt 
skin,  through  the  mucous  membrane,  or  in  both  situations,  hence  there 
are  three  varieties,  the  blind  external,  the  blind  internal,  and  the 
complete.  These  suppurating  tracts  refuse  to  heal  because  of  im- 
perfect drainage,  continual  reinfection,  constant  motion,  and,  in  the 
complete  variety,  because  of  the  escape  of  gas  and  feces  through  tbt 


F(0.  467— Diagram  of  anorectal  fistula.  Blind  external  fistula;  following  U)" 
anal  abscess  and  (a)  an  ischiorectal  abscess.  3-  Sinus  from  disease  of  theiaii"* 
Blind  internal  fistula  following  (4)  a  submucous  abscess  and  (5)  a  pelvirectal  absM» 
6.    Complete  fistula  tollowing  an  ischiorectal  abscess, 

tract.  Further,  syphilis  may  be  responsible,  and,  according  to 
some  authorities,  about  one-half  of  the  cases  are  tuberculous.  ^^ 
phthisis  is  present  in  only  a  small  proportion  of  those  submitting  W 
operation,  many  develop  the  disease  subsequently,  hence  the  ««■ 
elusion  that  fistula  in  ano  is  often  the  primary  source  of  tuberculoii* 
infection. 

The  blind  external  fistula  (really  as  inus)  opens  externally,  but 
docs  not  communicate  with  the  bowel.  It  is  short,  subcutaneous, 
and  close  to  the  anus  when  due  to  the  breaking  of  an  anal  abscess; 
deep  and  farther  away  from  the  anus  when  due  to  the  breaking  of  aB 
ischiorectal  abscess  (Fig.  467),  many  of  the  so-called  blind  crteinJ 
fistula  are,  in  reality,  complete,  the  internal  orifice  being  so  smiB 
as  to  escape  detection.  If  the  opening  is  in  front  of  the  anus  at 
should  suspect  a  perineal  fistula  (see  "Stricture  of  the  Urethra ")ii 
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ir  the  tuber  ischii,  disase  of  the  bone;  if  near  the  coccyx,  a  post- 
a.1  dimple  or  a  suppurating  dermoid. 

The  blind  internal  fistula  (really  a  sinus)  opens  into  the  bowel, 
t  has  no  external  opening.  It  is  comparatively  infrequent,  oc- 
rring  in  about  10  per  cent,  of  the  cases  of  anorectal  fistula.  The 
^mucous  form  usually  opens  into  the  anal  canal,  the  pelvirectal 
ove  the  internal  sphincter.     In  either  case  the  orifice  is  generally 

the  posterior  or  the  lateral  wall  of  the  anorectal  canal;  a  sinus 
enlng  on  the  anterior  wall  may  follow  the  breaking  of  a  prostatic 

The  complete  or  true  fistula  opens  both  externally  and  internally, 
occurs  in  about  75  per  cent,  of  the  cases  and  is  usually  the  result  of 
I  ischiorectal  abscess,  the  internal  opening  being  between  the  two 
)hincters,  the  external  within  an  inch  and  a  half  of  the  anus.  When 
Jlowing  a  pelvirectal  abscess,  however,  the  internal  opening  maybe 
DOve  the  internal  sphincter,  or  when  following  an  anal  abscess, 
Jtside  the  external  sphincter.  A  horseshoe  fistula  extends  partly 
round  the  bowel,  accross  the  median  line,  and  opens  externally  on 
tch  side;  as  a  rule  there  is  only  one  internal  opening. 

The  sjrmptoms  of  fistula  in  ano  are  pain  during  defecation,  tenes- 
mus, especially  when  there  is  an  internal  opening,  a  purulent  dis- 
large  from  the  anus  or  the  external  opening,  and  in  the  complete 
iriety  the  passage  of  feces  and  gas  through  the  fistula;  recurring 
^scesses  may  form,  owing  to  healing  or  blocking  of  the  openings, 
hese  abscesses  may  make  new  outlets  for  themselves,  thus  a  blind 
eternal  or  internal  fistula  may  become  a  complete  fistula,  and  a  com- 
pete fistula  may  establish  numerous  side  tracts  extending  in  various 
Erections  (Fig.  468).  When  there  is  an  external  opening,  the  diag- 
>sis  is  readily  made  by  inspection  and  the  use  of  a  probe.  When 
tere  is  no  external  opening,  it  will  be  necessary  to  use  a  speculum  in 
'der  to  expose  the  orifice.  Digital  examination  will  reveal  spasm  of 
te  sphincters,  a  cord-like  area  of  induration  on  one  side  of  the  rec- 
im,  and  possibly  the  internal  orifice  of  the  fistula.  The  lungs 
lould  always  be  examined  for  evidences  of  phthisis. 

The  treatment  is  the  conversion  of  the  fistula  into  an  open  wound, 
>  that  it  may  heal  from  the  bottom.  A  grooved  director  is  passed 
trough  the  fistula  in  to.  the  rectum,  and  the  overlying  tissues  severed 
ith  a  bistoury.  In  order  to  avoid  incontinence  the  external  sphinc- 
r  should  be  cut  but  once,  and  always  at  right  angles  to  its  fibers 
id  the  internal  sphincter  should  never  be  cut.  If  the  fistula  enters 
e  bowel  above  the  internal  sphincter  the  tract  should  be  opened 
x>  the  bowel  at  its  lower  part  only.     All  branching  sinuses  likewise 
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should  be  opened,  and  ail  fibrous  tissue  and  undermined  skin 
cut  away  with  scissors.  The  bleeding  is  then  checked,  and  the 
wound  packed  with  iodoform  gauze.  If  the  fistula  is  lined  with  mu- 
cous membrane  it  must  be  completely  excised.  A  blind  external  oi 
internal  fistula  may  be  converted  into  a  complete  one  and  treated  u 
outlined  above,  or  a  blind  external  fistula  may  be  excised  and  the 
wound  sutured.  The  bowels  are  confined  for  the  first  three  or  (our 
days,  and  the  wound  dressed  after  each  defecation,  being  irrigated 
with  salt  solution  and  repacked  with  iodoform  gauze.  Mackensie 
makes  a  large  incision  alongside  of  the  anus,  excises  the  fistula, 
sutures  the  opening  in  the  rectum,  and  then  closes  the  wound  in  the 


Flc.  468.— Multiple  fistula;  in 


overlying  tissues,  except  at  one  point,  where  a  small  drain  is  insertftt 
This'operation  might  be  of  service  in  some  cases  in  which  the  intonil 
opening  of  the  fistula  is  above  the  internal  sphincter.  Eldn 
begins  as  in  the  Whitehead  operation  for  piles,  raising  the  aiSd 
mucous  membrane  to  a  point  above  the  internal  orifice  of  the  fistul'; 
when  the  cuff  is  amputated  and  the  margin  of  mucous  membB* 
sutured  to  the  skin. 

Hemorrhoids,  or  piles,  are  swellings  due  to  varicose  veins  sboul 
the  lower  end  of  the  rectum.  The  causes  are  those  which  inducec* 
gestion  in  this  regionj  such  as  sedentary  habits,  rectal  disordai 
tumors,  inflammatory  affections  in  the  pelvis,  cirrhosis  of  the  li* 
and  other  conditions  which  interfere  with  the  portal  drculitiWi 
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diseases  of  the  heart  and  lungs,  and  repeated  straining  eflForts  to 
empty  the  bladder  or  the  bowel,  e.g.,  phimosis,  urethral  stricture, 
enlarged  prostate,  vesical  calculus,  and,  most  important  of  all, 
chronic  constipation.  The  hemorrhoidal  veins  pierce  the  muscular 
coat  of  the  rectum,  run  between  it  and  the  mucous  membrane  in  a 
longitudinal  direction,  form  a  plexus  around  and  above  the  anus  and 
constitute  one  of  the  principal  communications  between  the  portal 
and  systemic  circulations;  they  have  but  little  support,  possess  no 
valves,  and  are  massaged  downwards  by  hardened  feces.  There 
are  two  varieties  of  hemorrhoids,  the  external  and  the  internal, 
which,  however,  often  coexist. 

External  hemorrhoids  occur  at  the  margin  of  the  anus,  are  covered 
with  skin,  originate  from  the  inferior  hemorrhoidal  plexus  and  consist 
of  dilated  veins  surrounded  by  fibrocellular  tissue.  They  cause  no 
symptoms,  except  possibly  itching  or  a  little  irritation,  unless  they 
are  inflamed,  when  the  veins  become  thrombosed,  painful,  and  tender 
and  appear  as  tense  bluish  masses  which  cannot  be  emptied  by  pres- 
sure. When  the  attack  subsides,  the  piles  are  harder  and  thicker 
than  before.  The  treatment  is  the  relief  of  constipation,  cleanliness, 
and,  the  use  of  soft  paper  or  cotton,  after  defecation.  The  parts 
may  be  washed  with  a  lotion  containing  witch-hazel.  C)p>eration  is 
rarely  required  unless  the  piles  become  inflamed,  when  they  should 
be  incised,  the  clot  turned  out,  and  the  cavity  filled  with 
gauze.  When  operating  on  internal  hemorrhoids  it  is  advisable 
to  remove  any  coexisting  external  piles  with  scissors,  the  cuts 
radiating  from  the  anus.  If  too  much  skin  is  removed,  however, 
stenosis  may  follow. 

Internal  hemorrhoids  aie  covered  with  mucous  membrane, 
originate  from  the  superior  hemorrhoidal  plexus,  and  consist  of 
dilated  veins,  arterial  twigs,  and  connective  tissue.  They  cause 
pain,  a  sense  of  fullness,  and  often  bleeding  and  a  mucous  discharge. 
They  may  protrude  through  the  anus,  and  in  some  cases  become 
strangulated  from  the  grip  of  the  sphincter  and  undergo  sloughing. 
When  inflamed  (attack  of  piles),  they  swell  and  become  intensely 
painful.  Ulceration  or  suppuration,  and  occasionally  abscess  of  the 
liver  or  pyemia  may  follow.  The  diagnosis  is  easily  made  with  the 
speculum,  but  one  must  examine  the  whole  rectum  in  order  to  exclude 
carcinoma. 

The  treatment  is  removal  of  the  cause,  if  such  be  possible..  Alco- 
hol and  spices  should  be  avoided,  regular  exercise  taken,  and  the 
bowels  moved  daily  with  mineral  oil,  which  acts  as  a  lubricant, 
aided,  if  need  be,  by  small  doses  of  cascara  sagrada.    Enemata  and 
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drastic  purges  are  contraindicated.  The  parts  should  be  kept 
clean,  bathed  with  cold  water  after  defecation,  and  dried  with  a  soft 
rag.  Ointments  or  suppositories  containing  an  astringent  and,  if 
there  is  muclj  pain,  opium  and  belladonna  may  be  used.  The  fol- 
lowing is  an  example:  acid  gallic  gr.  x,  ex.  opii  gr.  iv,  ex.  ballad, 
gr.  iv,  ung.  petrolat.  ^iv.  apply  night  and  morning.  A  simpler 
remedy  is  aqua  hamamelidis,  applied  with  cotton  once  a  day. 
or  more  often.  Strangulated  piles  should  be  reduced  after  anoint- 
ing them  with  oil  or,  if  this  is  unsuccessful,  removed  by  operation. 
Operation  is  indicated  also  when  there  is  prolapse,  ulceration, 
recurring  hemorrhages,  attacks  of  inflammation,  or  pain  requirinj 
the  frequent  use  of  opium.  The  liver  should  always  be  examined 
before  operation,  as  in  some  cases  the  bleeding  is  beneficial  rather  than 
harmful.  A  laxative  should  be  given  forty-eight  hours  before,  and 
an  enema  the  day  before  operation,  thus  preventing  soiling  on  the 
table.  Many  operators  omit  shaving.  The  patient  is  anesthfr 
tized  and  put  in  the  lithotomy  position,  the  anus  thoroughly  stretdied 
and  one  of  the  operations  described  below  performed. 

Ligation  is  easy,  safe,  and  sure.  The  hemorrhoid  is  picked  up 
with  forceps  and  encircled  with  an  incision  going  through  the  mucous 
membrane;  the  base  is  then  transfixed  with  a  double  silk  ligature, 
which  is  tied  on  each  side,  and  the  mass  cut  away. 

Operation  by  the  clamp  and  cautery  is  favored  by  many  surgeons 
The  pile  is  caught  with  forceps,  and  a  Smith's  clamp,  the  blades  (rf 
which,  in  order  to  prevent  burning,  are  covered  with  ivory  on  the 
side  which  rests  against  the  mucous  membrane,  applied  to  the  base 
of  the  pile,  in  the  long  axis  of  the  rectum.  The  pile  is  then  Temovd 
with  scissors,  and  the  base  seared  with  the  cautery  at  a  dull  red  1;^ 
heat,  after  which  the  clamp  is  removed.  §t 

Whitehead's  operation  consists  in  removal  of  the  entire  J* 
bearing  areas,  and  is  indicated  when  there  are  masses  of  varicose  m^ 
veins  which  occupy  the  whole  of  this  region.  A  circular  indaott  1^ 
is  made  at  the  junction  of  the  skin  and  mucous  membrane;  the  tub*  1;^ 
of  mucous  membrane  containing  the  varicose  veins  is  then  dissect*  Itn 
up  and  amputated,  and  the  divided  mucous  membrane  sutuiw  |cii 
to  the  skin.  Stricture  and  incontinence  occasionally  follow  ^ 
operation. 

Linear  excision  is  the  operation  we  prefer,  since  it  b  as  sak 
so  far  as  bleeding  is  concerned,  as  ligation,  and  does  not  Itt^ 
strangulated  tissue  to  be  eliminated  later.     The  lower  extresutf 
of  the  pile  is  caught  with  forceps  and  drawn  downwards.   Tk*; 
artery  supplying  the  pile  is  felt  pulsating  above  its  upper 
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and  tied  with  a  suture-ligature  of  catgut.  The  suture  is  puUed 
upwards,  the  forceps  downwards,  and  the  pile  above  the  forceps 
snipped  oflF  with  scissors  in  the  axis  of  the  bowel.  The  wound, 
which  bleeds  very  little  if  the  artery  has  been  ligated,  is  closed  by 
continuing  the  suture  down  to  the  forceps,  which  are  removed 
by  cutting  beneath  them,  and  the  edges  of  small  raw  surface  thus 
left  brought  together  with  an  additional  stitch. 

After  any  of  these  operations  the  parts  are  protected  with  a 
sterile  gauze  pad,  and  washed  each  day  with  salt  solution.  The 
patient  takes  a  half  ounce  of  mineral  oil  three  times  a  day,  and,  if 
the  bowels  have  not  moved  by  the  third  or  fourth  day,  several  ounces 
of  the  oil  with  an  ounce  of  glycerin  are  given  by  enema.  It  is  often 
necessary  to  catheterize  the  patient  for  the  first  day  or  two,  owing 
to  reflex  retention  of  urine. 

The  treatment  of  hemorrhoids  by  ignipuncture,  and  by  the  injec- 
tion of  carbolic  acid  or  other  substances,  is  not  recommended. 

Prolapse  of  the  rectum  may  involve  the  mucous  membrane  only 
{incomplete  prolapse,  or  prolapsus  ant)  or  the  entire  rectal  wall 
[complete  prolapse  or  prolapsus  recti).  Complete  prolapse  presents 
itself  in  there  forms. 

1.  The  sigmoid  or  the  upper  rectum  becomes  invaginated 
(intussusception),  but  does  not  protrude  through  the  anus. 

2.  The  intussusceptum,  beginning  at  any  point  in  the  rectum 
or  the  sigmoid,  passes  through  the  anal  canal,  which  acts  as  the 
intussuscipiens,  hence  there  is  a  deep  sulcus  between  the  skin  and 
the  outer  surface  of  the  prolapsed  bowel. 

3.  The  anal  canal  also  is  turned  inside  out,  and  merges  with 
the  surrounding  skin  without  the  intervention  of  a  groove.  This 
form  may  or  may  not  be  the  result  of  the  first  or  the  second  form. 
The  causes  are  relaxation  of  the  tissues,  such  as  is  seen  in  the  de- 
biliated,  and  conditions  which  give  rise  to  repeated  and  violent 
straining  e.g.,  enlarged  prostate,  urethral  stricture,  stone  in  the  blad- 
der, phimosis,  constipation,  diarrhea,  and  various  kinds  of  rectal 
irritation,  especially  worms  and  polypi.  An  incomplete  prolapse 
appears  as  a  reducible,  red  or  purplish  cuff  of  mucous  membrane. 
In  complete  prolapse  the  mass  may  be  of  large  size,  irreducible,  dry, 
and  sometimes  ulcerated  or  even  strangulated.  If  the  upper  rectum 
or  the  sigmoid  is  extruded,  coils  of  small  intestine  or  the  uterus  or 
ovaries  may  be  found  between  the  ascending  and  the  descending 
layers  of  the  prolapse. 

The  treatment  is  removal  of  the  cause,  and  reduction  of  the  pro- 
lapse by  pressing  the  finger  in  the  orifice  after  the  parts  have  been 
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oiled;  reduction  is  maintained  by  strapping  the  buttocks  together 
with  adhesive  plaster,  leaving  an  opening  for  the  passage  of  feces. 
In  children  cure  is  often  thus  obtained,  if  care  is  taken  to  prex-ent 
.  constipation.  In  adults  the  parts  may  be  kept  in  place  by  a  T- 
bandage,  and  a  daily  movement  of  the  bowels  secured  while  the 
patient  lies  on  one  side.  An  enema  of  cold  water  containing  an 
astringent,  such  as  tannin  or  fluid  extract  of  hydrastis,  also  is  useful 
When  these  measures  fail  in  the  incomplete  variety,  longitudinal 
strips  of  mucous  membrane  may  be  excised  and  the  wounds  sutured 
or  the  same  result  obtained  by  the  use  of  caustics  or  the  cauten'. 
In  the  first  form  of  complete  prolapse  the  sigmoid  may  be  fastened 
to  the  abdominal  wall  through  an  incision  in  the  iliac  region  (colopexy). 
In  the  second  and  the  third  forms,  particularly  when  irreducible, 
the  prolapsed  gut  may  be  amputated,  its  continuity  being  restored 
by  sutures.  Numerous  other  methods  are  described,  operations 
designed  to  narrow  the  anus,  e.g.,  by  a  wire  suture,  injection  of 
parafiin,  excision  of  a  wedge  of  tissue,  are  generally  useless.  Sutur- 
ing the  rectum  to  the  sacrum,  and  the  coccyx  (proctopexy)  through 
a  postanal  incision  is  occasionally  successful.  In  MoschcamH^s 
operation  the  abdomen  is  opened,  the  rectum  pulled  upwards,  and 
the  cul  de  sac  of  Douglas  obliterated  with  sutures  which  include  the 
pelvic  fascia. 

Ulcer  of  the  rectum  may  be  simple  (due  to  foreign  body,  abrasion 
of  feces,  etc.);  specific,  e.g.,  syphilitic,  gonorrheal  (these  two 
especially  in  women),  tuberculous,  dysenteric,  or  typhoidal;  or 
malignant.  The  symptoms  are  those  of  rectal  irritation,  with 
constipation  or  diarrhea,  and  the  discharge  of  mucus,  pus,  or  blood. 
The  diagnosis  is  made  by  digital  examination  and  the  speculum. 
The  nature  of  the  ulcer  may  be  ascertained  from  the  histor>%  the 
local  characteristics,  which  are  much  the  same  here  as  elsewhoe, 
from  bacteriologic  and  histologic  studies,  and  from  other  tests  for 
the  diseases  mentioned  above.  The  treatment  in  non-malignant 
cases  is  local  applications  of  silver  nitrate,  20  or  30  to  grains 
the  ounce,  after  cleansing  the  rectum  with  hot  water.  Iodoform 
is  useful,  particularly  in  tuberculous  cases;  appendicostomy  or  tempo- 
rary colostomy  may  be  indicated  if  the  ulcer  is  extensive  and  recal- 
citrant. The  general  health  should  receive  attention,  and  in  specific 
or  syphilitic  cases  appropriate  internal  treatment  administered. 
Tumors  of  the  rectum  are  considered  below. 

Stenosis  or  stricture  of  the  erctum  may  be  caused  by  pdvk 
neoplasms  or  cellulitis,  and  by  the  cicatrization  of  wounds  or  ukefi 
of  the  rectum.     It  may  be  also  congenital  or  due  to  xnaligpttflt  1 
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tumors  in  this  region;  the  latter  will  be  considered  separately. 
Excluding  carcinoma  most  rectal  strictures  are  syphilitic,  and  these 
are  much  more  frequent  in  women.  The  bowel  is  dilated  above  the 
stricture  and  secondary  fistulae  may  form.  The  symptoms  are  pain, 
discharge  (mucus,  pus,  or  blood),  constipation,  deformity  of  the  stool 
(ribbon  or  pipe-stem),  occasionally  attacks  of  diarrhea,  due  to 
enteritis  from  the  irritation  of  retained  feces,  and  finally  in  some 
cases  complete  obstruction.  The  diagnosis  is  made  with  the  finger, 
the  speculum  and,  after  a  barium  enema,  with  the  X-ray.  The 
trecUment  in  the  extrinsic  variety  is  removal  of  the  cause,  e.g.,  a 
pelvic  neoplasm,  in  the  intrinsic  form  gradual  dilatation  with  bougies. 
When  in  the  lower  part  of  the  rectum,  the  stricture  may  be  incised 
posteriorly.  In  suitable  cases  the  narrowed  segment  may  be  excised, 
and  the  ends  of  the  bowel  united  by  suture.  In  extensive  and 
intractable  cases  colostomy  may  be  the  only  possible  remedy.  Any 
constitutional  disease,  e.g.,  syphilis  or  tuberculosis,  should  receive 
treatment. 

Tumors  of  the  anus  are  uncommon.  Epithelioma  in  this  region 
presents  its  usual  features,  and  causes  enlargement  of  the  inguinal 
glands.  Cancer  of  the  anus,  however,  is  usually  secondary  to  that  of 
the  rectum.    The  treatment  is  excision,  with  the  inguinal  glands. 

Tumors  of  the  Rectum. — Poljrpus  recti  is  the  most  common 
benign  tumor,  is  most  frequent  in  children  and  is  an  adenoma  with  a 
long  pedicle.  Often  there  are  several  polypi,  and  sometimes  a 
great  number.  In  adults  cancerization  is  a  possibility.  The 
symptoms  are  rectal  irritation,  the  passage  of  blood  or  mucus,  and 
occasionally  prolapse  or  intussusception.  The  treatment  is  removal, 
after  ligating  the  pedicle.  Papilloma  is  unusual,  but  may  occur 
as  a  cauliflower  mass,  the  <Jiief  symptoms  of  which  are  hemorrhage 
and  rectal  irritability.  The  treatment  is  removal,  with  a  portion 
of  the  environing  mucosa.  A  microscopic  examination  should 
always  be  made  to  exclude  malignant  disease.  Sarcoma  is  rare; 
it  appears  as  a  large  fleshy  mass,  without  primary  ulceration.  The 
symptoms  are  the  same  as  those  of  cancer,  but  occur  at  an  earlier 
age.  The  treatment  is  extirpation.  Leukemic  tumors,  which 
may  occur  in  leukemia  and  Hodgkin^s  disease,  although  exceptional, 
should  be  mentioned  because,  owing  to  ulceration  and  hemorrhage, 
they  may  be  mistaken  for  other  lesions. 

Cancer  of  the  recttmi  is  usually  cylindrical-celled,  and  forms  60 
per  cent,  of  the  carcinomata  of  the  large  bowel.  The  disease  may 
begin  as  an  ulcer,  or  as  a  nodule  beneath  the  mucous  membrane  which 
reaches  a  large  size  before  ulcerating.     In  the  former  instance  the 
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growth   ordinarily   extends  annularly  around  the  rectum,  in  the 
latter  it  increases  equally  in  all  directions.     The  consistency  \'aries 
with  the  amount  of  fibrous  tissue  present ;  thus  the  mass  may  be  soft, 
f ungating  and  friable,  or  extremely  dense  with  an  ulcerated  surface, 
the  margins  of  which  are  hard  and  everted.     The  softer  varieties  are 
the  more  malignant.     Metastases  may  occur  in  the  lumbar  glands, 
liver,  and  peritoneum,  but  are  comparatively  rare  and  late.    The 
disease  is  most  common  in  and  after  middle  life,  but  it  may  occur 
earlier  and  has  been  seen  even  in  childhood.     The  symptoms  are 
(i)  those  of  ulcer,  i.e.,  pain,  rectal  irritability,  and  the  discharge 
of  pus,  blood,  or  mucus;  (2)  those  of  stricture,  i.e.,  diarrhea,  consti- 
pation, deformed  stools  (ribbon  or  pipe-stem),  and  finaUy  complete 
obstruction,  which  is  less  frequent  than  one   would  think,  since, 
particularly  in  soft  growths,  the  ulceration  keeps  the  canal  open; 
and   in   the   final  stage  (3)  those  of  carcinomatous  cachexia.    In 
many  cases  the  symptoms  are  slight  or  absent,  until  the  disease  is 
far   advanced.     Of   considerable   significance  is  a  sense  of  fullness 
in  the  rectum,  and  "morning  diarrhea."     The  bowels  move  after 
breakfast,  without,  however,  complete,  satisfaction  and  later  there 
is  another  call  or  perhaps  frequent  calls  to  stool,  a  small  quantity 
of   bloody  mucus  and  gas  being  discharged  with  tenesmus;  this 
gives  no  relief  or  only  temporary  relief.     In  the  later  stages  secondary 
fistula?  into  the  bladder,  vagina,  or  opening  externally  may  form. 
The  diagnosis  is  made  with  the  finger,  the  speculum,  and,  after  a 
barium  injection,  with  the  X-ray.     In  doubtful  cases  a  piece  may 
be  excised  for  microscopic  study.     Death  occurs  in  from  one  to 
five  years,  from  exhaustion,  obstruction,  hemorrhage,  or  peritonitis. 

The  treatment  may  be  palliative  or  radical.  Palliative  treatment 
is  indicated  when  the  growth  cannot  be  removed.  The  rectum  is 
irrigated  daily  with  salt  solution,  opium  given  for  pain,  and  colostomy 
performed  at  an  early  period  and  not  postponed  until  obstructive 
symptoms  supervene,  as  it  diverts  the  fecal  current  and  thus  di- 
minishes pain  and  retards  the  progress  of  the  disease.  Radiotherapy 
also  may  be  used. 

Radical  treatment,  or  excision  of  the  rectum,  is  indicated  when 
the  growth  is  movable  and  metastases  are  not  present.  If  the  sacrum, 
base  of  the  bladder,  or  uterus  is  involved,  operation  is  useless.  The 
mortality  of  complete  excision  of  the  rectum  is  about  25  per  cent, 
and  cure  results  in  about  the  same  proportion.  Surgeons  differ  as  to 
the  necessity  of  a  preliminary  inguinal  colostomy.  We  believe  it 
should  always  be  performed,  because  as  soon  as  the  abdomen  is 
opened  the  upper  limits  of  the  growth  can  be  determined  irith 
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accuracy,  and  the  liver,  the  lymph  glands,  and  the  peritoneum 
explored  for  metastases;  because  as  soon  as  the  bowel  is  opened 
the  obstruction,  if  such  exists,  is  overcome,  and  the  intestinal  tract 
drained  of  toxic  material,  thus  permitting  liberal  feeding  and 
assisting  in  recuperation  of  the  patient  before  the  larger  operation; 
because,  owing  to  subsidence  of  the  inflammation  consequent  upon 
functional  activity,  the  mass  often  diminishes  in  size;  and  because 
the  rectum  can  be  thoroughly  irrigated  "before,  and  the  field  of  opera- 
tion kept  clean  and*quiet  after,  the  tumor  is  excised.  The  chief  ob- 
jections are  the  additional  risk  involved  in  closing  the  artificial  anus, 
if  such  be  desirable,  and  the  interference  with  thorough  mobilization 
of  the  rectum  at  the  time  of  excision;  the  latter  objection  loses  its 
force  if  the  sigmoid  is  pulled  well  down  at  the  time  of  the  colostomy, 
or  if,  owing  to  a  short  mesosigmoid,  the  artificial  anus  is  made 
in  the  ascending  or  transverse  colon.  The  following  are  the  routes 
by  which  the  rectum  may  be  excised : 

The  vaginal  route  is  indicated  when  a  small  growth  exists  on  the 
anterior  wall.  The  posterior  wall  of  the  vagina  is  split,  the  growth 
excised,  and  the  vagina  and  rectum  sutured. 

The  anal  route  is  indicated  when  the  growth  is  very  low.  The 
anus  is  dilated,  a  circular  incision  made  through  the  rectal  wall 
above  the  external  sphincter,  the  rectum  pulled  out  through  the 
anus  and  amputated,  and  the  two  ends  sutured.  If  the  anus  is 
involved  it  also  must  be  removed,  the  primary  incision  then  being 
made  around  the  anus  externally. 

The  perineal  route  is  indicated  in  growths  occupying  the  lower 
two  or  three  inches  of  the  rectum,  and  is  much  the  same  as  the  pre- 
ceding, except  that  the  incision  extends  back  to  the  coccyx  and,  if 
necessary,  as  far  forward  as  the  scrotum.  In  some  cases  the  external 
sphincter  may  be  preserved. 

The  sacral  route  (Kraske^s  operation)  is  indicated  in  higher 
growths.  With  the  patient  on  the  right  side,  an  incision  is  made 
from  the  posterior  margin  of  the  anus,  upwards  in  the  middle  line, 
to  the  second  piece  of  the  sacrum.  The  coccyx  is  excised,  the  left 
side  of  the  sacrum  below  the  third  foramen  (the  third  sacral  nerve 
sends  a  branch  to  the  bladder)  removed  with  the  chisel,  and  the 
rectum  extirpated.  If  the  sphincter  is  not  involved,  the  upper 
segment  may  be  sutured  to  the  lower.  When  this  is  impossible, 
the  upper  segment  of  bowel  may  be  sutured  in  the  sacral  wound, 
or  the  end  may  be  closed  by  sutures,  providing,  of  course,  a  prelimi- 
nary colostomy  has  been  made.  In  the  Kraske  operation  the  perito- 
neum is  often  opened,  subsequently  being  sutured,  or  packed  with 
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gauze.    There  are  several  modifications  of  this  operation,  involving 
more  extensive  removal  of  bone  or  osteoplastic  resection. 

The  abdomino-perineal  route  is  indicated  in  cases  in  which  the 
growth  extends  too  high  to  be  removed  by  any  of  the  preceding 
methods.  In  Quenu  ^s  operation  the  abdomen  is  opened  in  the  middle 
line,  both  internal  iliac  arteries  tied,  the  sigmoid  divided,  the  upper 
segment  of  the  bowel  brought  out  through  an  incision  in  the  left 
iliac  region,  thus  making  a  permanent  artificial  anus,  and  the  Iowa 
segment  separated  as  far  down  as  possible.  The  abdominal  wound 
is  then  closed,  and  the  rectum  removed  through  the  perineum.  In 
Weir  ^s  operation  the  abdomen  is  opened,  the  gut  divided  above  the 
tumor,  the  upper  end  of  the  lower  segment  invaginated  and  pulled 
out  through  the  anus,  and  the  involved  segment  amputated.  The 
lower  end  of  the  upper  segment  is  then  drawn  through  the  anus, 
and  united  to  the  lower  segment  by  sutures  (Maunsell's  method). 


CHAPTER  XXEX 

URINARY  ORGANS 

KIDNEY  AND  URETER 

Congenital  abnormalities  of  the  kidney  include  (a)  absence  or 
atrophy  of  one  organ,  the  other  being  hypertrophied  {single  kidney) ; 
(b)  fusion  of  the  kdneys  (solitary  kidney),  constituting  a  disc  shaped 
mass  lying  in  the  middle  line,  or  if  the  lower  poles  are  joined,  the 
horseshoe  kidney;  (c)  lobulation ,  which  is  normal  in  fetal  life  and  in 
some  animals;  (d)  doubling  of  the  ureter  in  whole  or  in  part;  (e)  stric- 
ture of  the  ureter;  (f )  two  or  more  renal  arteries  for  the  same  organ ;  and 
(g)  displacement  of  the  kidney,  which  may  be  freely  movable  and 
supplied  with  a  mesonephron  (congenital  floating  kidney),  or  fixed  at 
any  point  as  low  as  the  sacrum  or  the  internal  abdominal  ring  (ectopic 
kidney),  it  probably  being  drawn  to  the  latter  situation  by  the 
descent  of  the  testicle;  (h)  sarcoma,  hydronephrosis,  and  cystic  disease 
also  may  be  congenital. 

Examination  of  the  Kidney. — (i)  To  palpate  the  kidney  one 
hand  is  placed  under  the  loin  and  the  other  in  front  beneath  the  ribs, 
while  the  patient  breathes  deeply.  The  patient  should  be  on  the 
back,  on  the  opposite  side,  or  in  some  cases  standing  up.  The  normal 
kidney  descends  slightly  bn  deep  inspiration  but  ordinarily  cannot  be 
palpated.  An  enlarged  ureter  can  sometimes  be  felt  through  the 
rectum,  vagina,  or  abdominal  wall.  (2)  The  chief  value  of  percussion 
is  in  determining  the  relations  of  a  swelling  in  the  loin  to  the  colon; 
the  kidney  is  always  behind  the  colon.  (3)  The  X-rays  may  show 
the  normal  kidney,  enlargements  of  various  sorts,  tuberculous 
foci,  stones,  the  ureter  (after  the  passage  of  an  opaque  catheter), 
or  the  ureter  and  the  renal  pelvis  (after  the  injection  of  an  opaque 
solution — pyelography,  Fig.  469).  As  food,  fecal  matter,  and  gas 
within  the  intestines  produce  confusing  shadows,  the  diet  should  be 
limited  to  liquids  for  24  hours  and  the  bowels  cleared  by  purgation 
before  the  picture  is  taken.  The  urine  should  be  examined  chem- 
ically, microscopically,  and  in  some  cases  bacteriologically,  and  a 
record  kept  of  the  quantity  secreted.  (5)  Cystoscopy  allows  direct 
inspection  of  the  ureteral  orifices  (see  "Examination  of  the  Bladder") 
and  catheterization  of  the  ureters.  The  latter  permits  the  collection 
of  unmixed  urine  from  each  kidney,  and  is  of  great  value  in  determin- 
iDg  the  presence  of  both  kidneys,  the  location  of  disease  in  one  or  both 
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The  functional  capacity  of  the  kidneys  is  determined  before 
rforming  a  serious  operation  on  one  organ,  and  it  is  important  to 
:ertain  that  the  other  kidney  is  not  only  present  and  healthy,  but 

0  sufficiently  active  to  preserve  the  patient.  After  collecting  the 
ne  from  each  organ  separately  and  simultaneously,  one  or  more  of 
minber  of  different  methods  may  be  employed,  but  only  the  few 
it -axe  of  actual  service  will  be  mentioned. 

(i)  The  amount  and  composition  of  the  urine  secreted  by  each 
Iney  in  a  given  time  is  determined.  The  normal  output  of  each 
taiey  in  twenty-four  hours  is  500  to  750  cc.  of  urine,  10  to  15  grams 
area,  5  to  6  grams  of  chlorids.  A  decrease  of  one-third  in  these 
intities  indicates  that  the  kidney  is  incompetent  to  sustain  life. 
(2)  The  pUoridzin  test  consists  in  the  subcutaneous  administration 
5  miUigrams  of  phloridzin,  which  is  transformed  into  sugar  by  the 
reting  cells  of  the  kidney.  If  these  cells  are  normal,  sugar  should 
Mar  in  the  urine  in  from  fifteen  to  thirty  minutes,  and  continue 
be  excreted  for  four  hours.  Delayed  or  prolonged  elimination 
Dts  to  renal  insufficiency. 
-(3)  Chromocystoscopy  consists  in  watching  the  ureteral  orifices  fot 

excretion  of  blue  urine,  after  the  intramuscular  injection  of 
lihylene  blue  (15  minims  of  a  5  per  cent,  solution)  or  indigocarmin 
SC*  of  a  4  per  cent,  solution).  A  simpler  plan  is  to  insert  ureteral 
heterg  and  note  when  the  blue  urine  appears  externally.  Nor- 
[^  this  should  occur  in  from  10  to  20  minutes  and  continue  24  to 
lUQXS.  If  the  blue  is  late  in  appearing  or  disappearing  the  renal 
iOchyma  is  diseased.     The  phenolsulphonephthalein  test  is  the 

1  usually  employed.-  Six  milligrams  of  this  agent  are  injected 
nunuscularly.  The  urine  drains  from  the  catheter  into  a  test- 
C'Containing  i  drop  of  a  25  per  cent,  sodium  hydroxid  solution, 
ich  becomes  pinkish  when  the  drug  appears  in  the  urine.  As  acid 
ne  shows  only  a  faint  orange  tinge,  it  is  made  decidedly  alkaline  by 
ling  more  sodium  hydroxid  solution,  when  it  turns  to  a  brilliant 
.  The  urine  excreted  during  the  first  hour  is  collectedseparately 
m  that  excreted  during  the  second  hour;  each  hour's  output  is 
8V'  diluted  to  i  liter  with  distilled  water,  and  a  small  filtered 
•tion  compared,  by  means  of  a  colorimeter,  with  a  standard  con- 
ting  of  3  milligrams  of  phenolsulphonephthalein  and  i  or  2  drops  of 
lium  hydroxid  solution  (25  per  cent.)  in  i  liter  of  water.  The 
ding  must  be  divided  by  two,  since  the  standard  solution  contains 
y  half  the  amount  injected,  thus  if  the  standard  is  adjusted  to  the 
mark,  and  the  colored  urine  reaches  20,  the  excretion  is  50  per 
t.  of  the  3  milligrams  of  the  standard,  or  25  per  cent,  of  the  6 
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milligrams  injected.  Normally  the  drug  appears  in  the  urine  in  from 
5  to  10  minutes,  50  per  cent,  being  eliminated  during  the  first  hour, 
15  to  25  per  cent,  during  the  second  hour.  If  the  drug  is  given 
intravenously  it  appears  in  the  urine  in  from  three  to  five  minutes, 
30  per  cent,  being  excreted  in  the  first  15  minutes,  and  from  70  to  80 
per  cent,  in  the  first  hour. 

(4)  Chemical  examination  of  the  blood  promises  to  be  of  decided 
value  in  estimating  the  renal  fimction.  Normally  the  nonprotein 
nitrogen  content  is  below  30  milligrams  to  the  100  cc.  of  blood,  the 
urea  nitrogen  about  one-half  of  this  amount,  ajid  the  creatinin 
from  one  to  two  milligrams.  When  the  first  reaches  60  or  70  and 
the  last  2  or  3,  there  is  decided  danger  in  operating,  while  over  100 
milligrams  of  nonprotein  nitrogen  is  rarely  found  in  conditions  other 
than  uremia. 

The  presence  of  two  kidneys  may  be  determined  by  the  cysto- 
scope  (presence  of  two  ureteral  orifices),  by  the  segregator,  by  palpa- 
tion externally  (occasionally)  or  through  an  incision,  and  in  some 
instances  by  the  X-ray. 

Hematuria,  or  blood  in  the  urine,  may  be  due  to  local  or  general 
causes.    Among  the  local  causes  are  inflammation,  congestion,  trau- 
matism, embolism,  thrombosis,  calculus,  tumors,  ulceration,  and 
parasites  in  any  portion  of  the  urinary  tract.     The  most  important 
parasite  is  the  Bilharzia  hematobia,  which,  in  portions  of  Africa, 
enters  the  body  with  the  drinking  water  and  later  develops  in  the 
veins  of  the  intestine  or  urinary  apparatus.     The  hemorrhage  is 
caused   by  the  discharge  of  ova  through  the  mucous  membrane. 
Bleeding  may  be  produced  also  by  disease  in  neighboring  structures, 
e.g.,  appendicitis,  pelvic  neoplasms  and  inflammations  and  in  the 
female  bloody  urine  may  be  the  resxilt  of  contamination  with  the 
menstrual  fluid.    Among  the  general  causes  are  bacterial  toxemia. 
e.g.,  from  sepsis,  variola,  measles,  scarlet  fever,  enteric  fever,  yellow 
fever,  malaria,  plague,  and  pneumonia;  certain  blood  diseases,  e.g., 
scurvy,  leukemia,  purpura,  and  hemophilia;  intoxications,  such  as 
jaundice  or  those  due  to  mercury,  lead,  arsenic,  cantharides,  turpen- 
tine, and  quinin;  hysteria;  and  vicarious  menstruation.     When  the 
cause  for  the  bleeding  cannot  be  found  the  condition  is  called  essential 
hematuria  (vide  infra) .     The  color  of  the  urine  varies  from  red  to 
black.     It  should  be  recalled  that  senna,  rhubarb,  beet  root,  and 
sorrel  make  the  urine  red;  and  carbolic  and  salicylic  acids,  brown  or 
black.    Hcfnoglobinuria  is  characterized  by  the  absence  of  carpusdes. 
It  may  be  due  to  any  of  the  causes  mentioned  above;  to  certain  ntf* 
vous  affections,  e.g.,  angio-neurotic  edema,  Raynaud's  diwifi  ^ 
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Henoch's  purpura;  or  to  hemolysis,  the  result  of  extensive  burns, 
freezing,  large  extravasations  of  blood  (especially  into  the  abdomen) , 
transfusion  of  blood,  infusion  of  salt  solution,  paroxysmal  hemo- 
globinuria, or  hemolytic  poisons,  e.g.,  ether,  chloroform,  snake- 
venom,  phosphorus,  carbolic  acid,  carbon  monoxid.  In  renal 
hematuria  the  blood  is  intimately  mixed  with  the  urine,  and  may  con- 
tain blood  casts  of  the  renal  tubules  or  ureter.  By  cystoscopic 
examination  blood  may  be  seen  issuing  from  the  ureter.  In 
ureteral  hemorrhage  bleeding  is  often  slight  and  detectable  only  by 
microscopic  examination.  In  vesical  or  prostatic  hematuria  the  urine 
is  often  alkaline,  contains  clots,  and  most  of  the  blood  is  passed  at 
the  end  of  micturition.  In  urethral  hematuria  blood  drips  from  the 
urethra  independently  of  micturition,  and  the  final  urine  passed  may 
be  quite  clear. 

'PjuxisLj  or  pus  in  the  urine,  may  be  due  to  inflammation,  or 
rupture  of  an  abscess,  into  any  portion  of  the  urinary  tract.  In 
women  with  leukorrhea  pyuria  should  not  be  diagnosticated  unless 
the  specimen  is  obtained  by  catheter.  In  renal  pyuria  the  urine  is 
usually  acid  and  the  pus  can  be  washed  quickly  Irom  the  bladder,  in 
vesical  pjruria  the  urine  is  generally  alkaline,  and  it  is  difficult  to  make 
the  washings  clear.  Pus  from  the  prostate  may  be  expressed  into  the 
urethra  by  pressure  through  the  rectum,  and  pus  from  the  urethra 
appears  in  the  first  portion  of  urine  passed.  The  source  may  often 
be  located  with  the  cytoscope  or  the  urethroscope. 

Chyluria  may  be  due  to  obstruction  of  the  thoracic  duct  (tumor 
of  the  duct,  pyloric  carcinoma,  calcified  lymph  glands,  gravid  uterus, 
dilated  right  auricle),  but  is  usually  caused  by  filariasis. 

Anuria  is  the  condition  in  which  no  urine  is  passed  and  the  bladder 
is  empty.  It  should  not  be  confused  with  retention  of  urine,  in  which 
the  bladder  is  distended  (see  '^Bladder").  Anuriamaybe  obstructive 
or  non-obstructive.  Obstructive  anuria  may  be  caused  by  obstruc- 
tion of  the  ureter  of  the  only  existing  or  only  functionating  kidney, 
or  in  rare  instances  by  obstruction  of  both  ureters  simultaneously. 
The  causes  of  ureteral  obstruction  are  given  under  '^Hydronephro- 
sis." In  this  variety  of  anuria  uremia  may  not  supervene  for  a 
number  of  days,  even  though  no  urine  is  passed.  The  treatment  is 
nephrotomy  upon  the  obstructed  side,  in  order  to  allow  the  urine  to 
escape.  The  side  to  be  operated  upon  will  usually  be  indicated  by 
pam,  tenderness,  muscular  rigidity,  and  possibly  by  enlargement  of 
the  kidney.  Removal  of  the  cause  of  obstruction,  unless  very  easy, 
should  be  undertaken  at  a  later  date.  Non-obstructive  anuria 
[suppression  of  urine)  may  be  reflex  or  due  to  degenerative  changes  in 
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the  kidneys.  Among  the  reflex  causes  are  operations  on  or  injuries  to  |i 
any  portion  of  the  genitourinary  apparatus,  obstruction  to  one 
ureter  the  other  remaining  free,  hysteria,  and  extensive  bums;  into 
group  also  uremia  may  be  postponed  for  some  days.  The  treaimA 
is  at  first  medical,  and  later  nephrotomy  upon  one  or  both  kidncp. 
Degenerative  changes  in  the  kidneys  may  be  caused  by  nephritis; 
acute  infectious  diseases,  including  septicemia;  pK>isons,  such  as  phos- 
phorus, turpentine,  carbolic  acid,  cantharides,  ether,  and  chlorofonn; 
and  by  lesions  like  tumors,  tuberculosis,  and  cystic  disease  of  both 
kidneys.  In  these  cases  uremia  accompanies  or  precedes  the  anuria. 
The  treatment  is  usually  medical,  although  in  a  few  instances  favor- 
able results  have  followed  nephrotomy. 

For  rupture  of  the  kidney  and  ureter  see  "Contusions  of  the 
Abdomen." 

Wounds  of  the  kidney  give  the  same  symptoms  as  ruptures,  phis 
an  external  wound,  from  which  blood  and  urine  may  escape.  The 
treatment  is  that  of  ruptures. 

Wounds  of  the  ureter  may  be  produced  by  stabs,  bullets,  and 
most  frequently  by  the  surgeon  during  abdominal  operations,  espe- 
cially hysterectomy.  The  result  is  peritonitis,  localized  or  generalized, 
and  if  the  patient  survive,  a  urinary  fistula.  The  immediate  ireatfMii 
of  a  lateral  wound  is  suture;  of  complete  division,  anastomosis. 

Ligation  of  the  tcreter,  which  is  sometimes  unintentionaUy  per- 
formed, particularly  during  gynecological  operations,  causes  atrophy 
of  the  kidney  or,  owing  to  ulceration  of  the  ligature  through  the 
ureteral  walls,  an  abscess,  which  on  breaking  leaves  a  fistula.  R 
owing  to  anuria  and  pain  in  the  back,  ligation  of  the  ureter  is  sus- 
pected, the  diagnosis  may  be  confirmed  by  the  ureteral  catheter, 
and  the  ligature  removed,  or  the  crushed  segment  resected 
and  one  of  the  operations  described  under  **  Ureteral  Anastomosis 
performed. 

Ureteral  fistulse,  in  addition  to  ruptures,  wounds,  and  ligation, 
may  be  caused  by  sloughing  following  labor,  or  ulceration  the  result 
of    conditions    like    tuberculosis,    carcinoma,    and    calculus.    The 
fistula  may  open  into  one  of  the  hollow  viscera,  the  vagina,  or  on  the 
skin.     The  diagnosis  from  vesical  fistula  can  be  made  by  injecting 
colored  fluid  into  the  bladder  and  by  cystoscopy.     The  first  st^ 
in  treatment  should  be  the  passage  of  a  catheter  along  the  ureter,  fro© 
the  bladder,  in  order  to  determine  whether  the  defect  is  lateral 
or  complete  and  to  make  sure  the  canal  below  the  fistula  is  pervious. 
If  the  defect  is  lateral  and  no  obstruction  exists  spontaneous  healil4 
may  occur.     Cutaneous  fistulas  in  which  sppotaneous  closure  il 
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unlikely  should  be  treated  by  some  form  of  ureteral  anastomosis 
(q.v.);  vaginal  fistulse  as  described  under  "Vagina." 

Movable  kidney,  or  nephroptosis,  is  to  be  distinguished  from 
floating  kidney;  in  the  latter  condition,  which  is  said  to  be  always 
congenital,  the  kidney  passes  forward  into  the  abdominal  cavity  and 
is  completely  surroimded  by  peritoneum,  being  attached  to  the  pos- 
terior abdominal  wall  by  a  mesonephron.  In  movable  kidney  the 
organ  is  excessively  mobile  behind  the  peritoneum.  Eighty  per 
cent,  occur  in  women,  and  the  right  kidney  is  involved  in  about  the 
same  proportion.  It  is  most  common  between  twenty  and  forty, 
but  may  be  seen  at  any  time  of  life.  The  adrenal  gland  remains 
in  place,  since  it  lies  in  a  separate  compartment  of  the  perirenal 
fascia.  The  causes  are  conditions  which  render  the  abdominal  walls 
flaccid,  such  as  pregnancy,  emaciation,  and  the  removal  of  abdominal 
tumors;  Glenard's  disease;  tight  lacing;  trauma;  and  conditions  which 
increase  the  size  or  weight  of  the  kidney.  In  many  cases  no  cause 
can  be  found,  beyond  the  fact  that  the  patient  has  a  long  and  slender 
waist,  and  this  bodily  conformation  is  inherited,  hence  movable 
kidney  may  exist  in  several  members  of  the  same  family. 

According  to  the  symptoms  the  cases  may  be  divided  into  four 
classes,  (i)  In  most  cases  symptoms  are  absent.  (2)  In  others 
there  is  dragging  pain  in  the  loin,  with  indigestion  and  nervousness. 
(3)  In  this  class  complications  arise.  If  the  ureter  becomes  kinked  or 
twisted,  there  is  transient  hydronephrosis,  with  violent  pain  in  the 
kidney  and  epigastrium,  vomiting,  collapse,  and  subsequently 
elevation  of  temperature  and  the  discharge  of  a  large  quantity  of 
arine  {DieiVs  crisis) ;  if  the  pellicle  becomes  twisted  gangrene  of  the 
kidney  may  ensue.  Dragging  on  the  duodenum  or  bile  ducts  may 
cause  gastric  and  biliary  disturbances  and  even  jaundice,  and  the 
conditicn  is  not  infrequently  as '.ociated  with  chronic  appendicitis  or 
mucous  colitis.  Albuminuria,  pyuria,  and  occasionally  hematuria 
may  oci  ur,  from  congestion  of  the  kidney  or  pyelitis.  (4)  In  this 
group  the  prolapse  is  secondary  to  tuberculosis,  tumor,  hydro- 
nephrosis, or  some  similar  malady,  hence  presents  the  same  symp- 
toms as  the  primary  trouble.  In  all  cases  the  symptoms  are  inten- 
sified by  exercise  or  by  lying  on  the  sound  side,  and  are  usually 
relieved  by  lying  on  the  back.  The  diagnosis  is  made  by  feeling  the 
kidney  descend  below  its  normal  level  on  deep  inspiration.  In  the 
severe  forms  the  hands  can  be  approximated  above  the  kidney,  and 
in  the  worse  cases  the  kidney  may  be  found  in  the  pelvis;  percussion 
over  the  loin  is  said  to  give  resonance,  but  the  sign  is  fallacious. 
The  X-ray  may  show  the  position  of  the  kidney  and  reveal  unsus- 
pected conditions,  e.g.,  a  calculus. 
54 
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No  treatment  is  required  in  class  i ;  above  all  the  patient  should 
not  be  told  that  the  kidney  is  movable.  The  treatment  in  class  2  b 
the  application  of  a  straight  front  corset,  adjusted  while  the  patient 
is  lying  down,  forced  feeding,  tonics,  and  rest;  in  class  3,  nephropexy 
in  class  4,  that  of  the  cause. 

Essential  hematuria  {renal  hemophilia)  is  a  condition  in  which 
there  is  constant  or  intermittent  bleeding  from  one  kidney,  which  on 
exploration  appears  to  be  normal.     Even  microscopic  examination 
of  sections  removed  at  operation  may  reveal  nothing  pathologic, 
although  in  some  instances  the  tissue  shows  the  changes  of  a  diffuse 
interstitial  nephritis.     There  may  be  pain  in  the  loin  and  sometimes, 
owing  to  the  passage  of  clots  down  the  ureter,  renal  colic.    Cj'sto- 
scopic  examination  shows  blood  isfuing  from   the  ureter  on  the 
aflfected  side.     The  kidney  should  be  explored  for  diagnostic  pur- 
poses.    If  a  lesion  is  found,  the  hematuria  ceases  to  be  ''essential," 
and  the  treatment  is  that  of  the  cause;  if  no  lesion  is  found  the  kidney 
may  be  decapsulated,  but  in  many  instances,  especially  if  a  large 
amount  of  blood  has  been  lost,  nephrectomy  is  the  better  procedure. 

Hydronephrosis,  or  uronephrosis,  is  distention  of  the  pelvis  and 
calices  with  urine,  as  the  result  of  gradual  or  intermittent  obstruction 
of  one  of  the  passages  below.  Sudden  and  complete  obstruction  to  a 
ureter  results  in  cessation  of  the  urinary  secretion  as  soon  as  the  back 
pressure  is  sufficiently  high,  and  after  a  time  in  renal  atrophy;  H, 
however,  the  obstruction  is  removed  within  a  few  weeks  restoration 
of  the  function  of  the  kidney  may  follow.  The  causes  are  congenitil 
and  acquired.  Congenital  hydronephrosis  is  due  to  atresia  of  some 
portion  of  the  urinary  passages;  acquired  hydronephrosis  to  obstruc- 
tion of  the  ureter  by  calculus,  blood  clot,  parasites,  plugs  of  mucus tf 
pus,  or  stricture;  by  tumors,  abscesses,  cysts,  pregnant  uterus,  of 
other  forms  of  external  pressure;  by  valve  formation  at  the  juncdofl 
of  the  pelvis  and  ureter  owing  to  oblique  insertion;  by  kinking.  e.g.f 
over  an  accessory  renal  artery  or  from  excessive  mobility  of  the  W* 
ney  and  less  commonly  to  obstructions  in  the  urethra.  In  the  last 
instance  the  hydronephrosis  may  be  double.  As  the  result  of  the 
accumulation  of  urine  in  the  pelvis  of  the  kidney  the  cortex  becomes 
thin  and  in  the  final  stages  disappears,  the  kidney  being  converted 
into  a  large,  thin  walled,  irregular  cyst.  At  this  time  the  fluidity 
not  contain  urea  or  other  urinary  solids.  Infection  and  conseqtKSt 
pyonephrosis  may  occur  at  any  time. 

The  symptoms  are  combined  with  those  of  the  causative  ksfi^ 
Distention  of  the  kidney  gives  rise  to  pain  and  a  tumor  in  the  k)hi 
which  fluctuates,  is  dull  on  percussion,  lies  behind  the  colon,  and  nay 
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disappear  with  the  passage  of  a  large  amount  of  urine.  Alternating 
ischuria  and  pol3mria  is  known  as  the  flush-tank  symptom.  The 
cystoscope  will  show  absence  of  urine  on  the  aflfected  side,  and*  the 
ureteral  catheter  may  reveal  the  obstruction.  If  the  catheter  passes 
the  obstruction  the  size  of  the  pelvis  may  be  determined  by  measuring 
the  quantity  of  water  (colored  with  methylene  blue  or  collargol, 
2  per  ccSnt.)  which  can  be  injected  before  it  escapes  from  the  ureter 
alongside  of  the  catheter  (normal  pelvis  holds  from  5  to  30  cc), 
or  by  taking  a  pyelogram  (Fig.  469).  Calculi  also  may  be  detected 
with  the  X-ray.  Death  occurs  from  uremia,  sepsis,  pressure  on 
important  organs,  or  rupture  into  the  peritoneal  cavity. 

The  treatment  is  removal  of  the  cause  if  possible,  and  preservation 
of  the  kidney.  Aspiration  is  not  recommended.  If  the  kidney  is 
totally  destroyed,  or  if  the  obstruction  cannot  be  removed,  or  if  a 
permanent  sinus  follows  a  previous  nephrotomy,  nephrectomy  should 
be  performed,  provided  the  other  kidney  is  sufficiently  active  to 
maintain  life. 

Pyelitis,  or  inflammation  of  the  pelvis  of  the  kidney,  is  caused  by 
the  colon  bacillus  in  75  per  cent,  of  the  cases,  either  alone  or  mixed 
with  other  pyogenic  organisms,  the  most  frequent  of  which  are  the 
streptococcus  and  the  staphylococcus.  The  bacteria  reach  the  renal 
pelvis  by  one  of  five  routes  (i)  ascending  infection  travels  up  the 
ureter  by  continuity,  or  by  means  of  regurgitated  urine  (urogenous) . 
It  is  the  result  of  obstruction  or  inflammation  in  the  lower  urinary 
passages  (ureter,  bladder,  urethra).  (2)  Hematogenous  infection 
occurs  in  acute  fevers,  such  as  the  exanthemata,  typhoid,  diphtheria, 
pyemia;  and  possibly  in  those  cases  depending  primarily  upon 
localized  forms  of  irritation,  e.g.,  calculus,  parasites,  (the  chief  of 
which  is  the  Bilharzia  hematobia),  tuberculosis,  tumor,  contusion, 
and  the  excretion  of  drugs  like  turpentine  and  cantharides.  It  may 
be  stated  that  ordinarily  bacteria  excreted  by  the  kidneys  produce  no 
evil  effects,  unless  there  is  some  local  irritation  or  some  obstruction 
to  the  free  discharge  of  urine.  Pressure  of  the  gravid  uterus  on  the 
ureter  may  thus  contribute  to  the  etiology  of  the  pyelitis  of  preg- 
nancy. (3)  Lymphatic  infection  accounts  for  the  frequency  of  the 
colon  bacillus;  the  lymph  vessels  from  the  ascending  and  descending 
colon  pass  over  the  renal  capsule  of  the  corresponding  side,  and 
communicate  with  the  lymph  vessels  of  the  kidney.  It  may  be 
possible  also  for  bacteria  to  travel  from  the  bladder  along  the  Ijan- 
phatics  of  the  ureter.  (4)  Direct  infection  is  the  consequence  of 
wounds  or  fistulse.  (5)  Infection  by  contiguity  is  due  to  inflammation 
extending  from  the  surrounding  structures. 
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The  symptoms  are  pain  and  tenderness  in  the  kidney,  frequent 
micturition,  intermittent  pyuria,  and  fever  during  the  absence  of  the 
pus  from  the  urine,  which  is  acid  unless  there  is  a  coexisting  cystitis 
with  decomposition  of  the  urine.  Owing  to  the  obstruction  to  the 
urinary  flow  caused  by  swelling  of  the  mucous  membrane  or  other 
lesion,  a  pyonephrosis  may  develop  and  extension  to  the  kidney  occur 
{pyelonephritis)  \  suppuration  may  extend  also  to  the  surrounding 
tissues. 

The  treatment  is  hot  fomentations,  alkaline  waters,  diuretics, 
urinary  antiseptics,  and,  to  decrease  the  number  of  colon  bacilli  in  the 
large  bowel,  laxatives.  The  external  genitals,  especially  in  infants, 
must  be  kept  clean;  circumcision  should  be  performed  if  there  b 
phimosis;  and,  in  order  to  lessen  the  pressure  on  the  ureters,  pregnant 
women  may  assume  the  knee-chest  position  several  times  daily,  and, 
when  sleeping,  lie  on  the  side  instead  of  on  the  back.  Autogenous 
vaccins  are  of  doubtful  value.  Lavage  with  a  weak  solution  of  one  of 
the  silver  salts,  introduced  through  a  ureteral  catheter,  is  beneficial 
in  some  cases.  If  the  condition  be  caused  by  an  ascending  infection, 
the  bladder  should  receive  appropriate  treatment.  Other  causes  if 
evident  should  be  removed.  If  no  cause  can  be  ascertained  and  the 
symptoms  persist,  the  kidney  should  be  explored,  since  in  many  cases 
the  distinction  between  pyelitis,  pyelonephritis,  and  other  septic 
conditions  of  the  kidney  cannot  be  made  with  certainty. 

Pyelonephritis  is  pyogenic  inflammation  of  the  pelvis  of  the  kid- 
ney and  of  the  renal  parenchyma,  and  is  due  to  the  same  causes  as 
pyelitis.  The  symptoms  are  chills,  fever,  pain  and  tenderness  in  the 
kidney,  vomiting,  headache,  and  later  signs  of  exhaustion  and  uremia. 
The  urine  is  small  in  amount,  usually  contains  pus,  and  sometimes 
blood.  The  treatment  is  that  of  pyelitis.  If  both  kidne)'S  are 
affected  the  prognosis  is  extremely  grave. 

Pyonephrosis,  or  distention  of  the  pelvis  of  the  kidney  ^ithpuSjis 
the  result  of  infection  of  a  hydronephrosis,  or  retention  of  pus  in 
pyelitis.  The  cortex  is  invaded  and  the  kidney  finally  represented 
by  a  large  multilocular  pus  sac  (Fig.  470),  surrounded  by  adhesions, 
through  which  the  pus  may  break  establishing  a  fistulous  communi- 
cation with  the  bowel  or  the  skin,  or  setting  up  a  fatal  peri- 
tonitis. 'J'he  symptoms  are  those  of  hydronephrosis,  plus  those  of 
sepsis.  The  quantity  of  pus  in  the  urine  depends  upon  the  d^recof 
obstruction.  It  may  be  intermittent  or  entirely  absent.  Dca^ 
occurs  from  sepsis  or  uremia.  The  treatment  in  imilateral  cases  is 
nephrotomy y  removal  of  the  cause  if  possible,  and  drainage,  or  if  tte  ■ 
kidney  is  hopelessly  disorganized,  nephrectomy.    If  both  organs  tfc 
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involved  treatment  is  usually  hopeless,  although  double  nephrotomy 
may  be  employed  in  suitable  cases. 

Abscess  of  the  kidney  is  due  to  the  same  causes  as  pyelitis. 
Pyemic  abscesses  are  always  small  and  multiple,  and  generally 
bilateral,  hence  not  amenable  to  treatment.  Chronic  abscesses  are 
usually  tuberculous.  The  symptoms  of  an  acute  solitary  abscess 
are  pain,  tenderness,  and  muscular  rigidity  on  the  affected  side,  and 
the  constitutional  symptoms  of  sepsis.  The  abscess  cannot  be 
detected  by  palpation  unless  it  is  of  large  size.  Pyuria  may  be 
present  or  absent.  The  treatment  is  nephrotomy  and  drainage,  or,  if 
the  whole  kidney  is  destroyed,  nephrectomy. 

Acute  unilateral  hematogenous  infection  of  the  kidney  is  due 
to  pyogenic  cocci  which  have  been  brought  from  a  distance,  e.g.,  from 
the  tonsil  or  a  furuncle.  The  kidney  is  swollen,  and  studded  with 
minute  reddish  areas,  which  suppurate.  Several  of  these  abscesses 
may  then  coalesce,  and  the  process  extend  to  the  pelvis.  The  symp- 
toms are  sudden  severe  pain  in  the  back  and  sometimes  in  the  abdo- 
men; tenderness,  which  is  most  marked  in  the  costovertebral  angle; 
muscular  rigidity;  and  general  evidences  of  sepsis,  frequently  ter- 
minating in  delirium,  coma,  and  death.  The  urine  on  the  affected 
side,  as  determined  by  cystoscopy  and  ureteral  catheterization,  may 
be  scanty  and  contain  pus  and  blood,  but  if  the  pelvis  is  not  involved 
the  urine  may  be  clear.  The  condition  is  not  infrequently  confused 
with  intraabdominal  affections,  especially  when  right  sided,  with 
appendicitis.    The  treatment  is  nephrectomy. 

Perinephritis,  or  inflammation  of  the  perinephritic  fat,  may  be 
caused  by  trauma,  infection  from  the  blood,  and  extension  from 
environing  parts  (spine,  pleura,  ribs,  liver,  intestine),  but  is  usually 
secondary  to  suppurative  processes  in  the  kidney.  The  symptoms 
are  pain,  tenderness,  muscular  rigidity,  and  if  suppuration  occurs, 
fever,  and  the  presence  of  a  mass  in  the  loin.  A  perinephritic  ab- 
scess usually  points  alongside  of  the  erector  spina?,  but  may  descend 
into  the  iliac  fossa  or  burst  into  the  pleura,  peritoneum,  or  intestine* 
The  treatment  of  perinephritis  in  the  absence  of  suppuration  is  hot 
fomentations,  sedatives,  and  attention  to  the  general  health;  a  peri- 
nephritic abscess  should  be  opened  and  drained.  In  all  cases  the 
cause  should,  if  possible,  be  determined  and  removed. 

Spontaneous  perirenal  hematoma  is  due  to  the  rupture  of  one  of 
the  blood  vessels  of  the  renal  capsule,  or,  more  rarely,  to  the  rupture 
of  a  vessel  in  the  neighborhood  of  the  kidney.  The  blood  collects 
beneath  the  capsule,  or  breaks  through  the  capsule  and  infiltrates 
the  retroperitoneal  tissues,  sometimes  extending  as  far  as  the  dia- 
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phragm  and  the  scrotum.  In  most  cases  the  kidney  is  chronically 
inflamed  and  the  arteries  sclerotic.  The  symptoms  in  a  severe  case 
are  those  of  internal  hemorrhage,  with  sudden  violent  pain  and  a 
rapidly  developing  tumor  in  the  region  of  the  kidney.  Blood  is 
often  not  found  in  the  urine. 

The  treatment  is  nephrectomy,  or,  in  mild  cases,  evacuation  of  the . 
hematoma  and  tamponage.    Of  i6  cases  operated  upon  recovery 
followed  in  ii,  of  seven  not  operated  upon  death  ensued  in  all 
(Lippens). 

Ureteritis,  or  inflammation  of  the  ureter,  is  practically  alwa)"S 
secondary  to  pyelitis  or  cystitis.  Primary  ureteritis  is  possible,  e.g., 
from  calculus  or  injury,  but  is  very  rare.  In  the  acute  variety  there 
is  a  pyogenic  inflammation  of  the  mucosa.  Chronic  ureteritis 
presents  itself  in  two  forms,  (i)  In  the  dilated  form  the  ureter  is 
dilated  and  tortuous  from  obstruction,  the  muscular  coat  under- 
going hypertrophy  and  the  mucosa  cystic  changes.  (2)  In  the 
fibroid  form  the  ureter  is  straight,  thickened,  shortened,  densely 
adherent,  and  strictured  in  numerous  places. 

The  symptoms  are  usually  masked  by  the  causative  pyelitis  or 
cystitis.  Occasionally  tenderness  can  be  elicited  through  the  ab- 
dominal wall,  and  the  thickened  ureter  can  often  be  felt  through  the 
vagina  and  sometimes  through  the  rectum.  The  ureteral  orifice, 
as  seen  with  the  cytoscope,  is  dilated  or  contracted,  retracted  or 
pouting,  and  almost  always  rigid  (noncontracting)  and  reddened. 
Strictures  arc  revealed  by  the  ureteral  catheter.  The  treatment  is 
that  of  the  cause. 

Tuberculosis  of  the  kidney  may  be  ascending  or  descending. 
In  the  former,  which  is  more  frequent  in  men,  the  original  focus  is 
often  in  the  prostate  or  epididymis,  from  which  the  infection  ^reads 
to  the  bladder,  thence  ascends  the  ureter  and  invades  the  pelris  and 
fmally  the  parenchyma,  hence  both  organs  are  generally  affected. 
In  the  descending  type,  which  represents  about  two-thirds  of  the 
cases,  and  which  is  more  common  in  women  (3  to  i),  the  bacilli  arc 
deposited  from  the  blood  and  the  disease  is  called  primary,  i.e.,  it  is 
primary  so  far  as  the  urinary  organs  are  concerned,  but  generally 
secondary  to  a  lesion  in  some  other  portion  of  the  body,  notably  the 
lungs.  This  type  is  usually  unilateral,  commences  in  the  paren- 
chyma, extends  to  the  pelvis  and  ureter,  and  in  about  half  the  cases  to 
the  bladder  and  the  other  kidney.  The  changes  are  those  of  tubercu- 
losis elsewhere.  Caseation  occurs  and  the  abscesses  open  into  the 
peh-is  or  exceptionally  through  the  capsule.  In  the  later  stages  the 
kidney  is  densely  adherent  from  perinephritis,  thus  rendering  nepb- 
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rectomy  difficult  and  dangerous.  The  symptoms  are  frequent  mic- 
turition with  dysuria,  slight  pain,  or  from  transient  blocking  of  the 
ureter  severe  colic,  pyuria,  occasionally  hematuria,  and  in  the  later 
stages  chills,  fever,  and  sweats,  due  to  secondary  infection  with 
pyogenic  organisms.  The  kidney  is  tender  and  enlarged,  but  one 
should  not  rely  on  this  sign  alone,  as  the  larger  organ,  even  though 
tender,  may  be  the  healthy  one,  greatly  hypertrophied  because  it  is 
doing  the  work  of  both.  Nodules  may  be  detected  in  the  prostate, 
epididymis,  vas,  or  seminal  vesicle.  Tubercle  bacilli  are  sometimes 
found  in  the  urine.  If  they  are  not  found  the  urine  may  be  inocu- 
lated into  a  guinea  pig.  A  sterile  pyuria,  in  itself,  is  highly  suggestive 
of  tuberculosis.  The  cytoscope  reveals  a  dilated,  rigid  (noncon- 
tracting),  and,  owing  to  the  thickening  and  shortening  of  the  ureter, 
retracted  ureteral  orifice,  which  is  often  surrounded  by  ulcers  or 
tubercles  (Fig.  473).  The  thickened  ureter  can  be  felt  through  the 
vagina  and  sometimes  through  the  rectum  or  abdominal  wall.  The 
X-ray  may  show  the  tuberculous  focus,  which,  owing  to  calcareous 
infiltration,  sometimes  casts  a  dense  shadow  closely  resembling  that 
of  a  calculus.  The  prognosis  is  favorable  if  all  of  the  disease  can  be 
removed;  decidedly  unfavorable  in  all  other  cases,  death  occurring 
usually  from  uremia,  sepsis,  or  generalized  tuberculosis.  Circum- 
scribed tuberculosis  of  the  bladder  due  to  infection  from  the  kidney 
may,  however,  subside  after  ureteronephrectomy.  The  treatment  is 
medical  if  both  kidneys  are  involved.  Perinephritic  abscesses  should 
3f  course  be  incised.  If  the  disease  is  unilateral  the  kidney  should  be 
explored.  If  the  focus  is  strictly  limited,  a  partial  nephrectomy  with 
subsequent  suture  of  the  wound  may  be  tried,  but  in  most  instances 
the  disease  will  be  found  so  extensive  that  the  entire  organ,  with  the 
ireter,  will  require  removal. 

Renal  calculi  {nephrolithiasis)  are  formed  by  the  precipitation  of 
irinary  salts,  which  are  then  bound  together  by  an  albuminoid 
mbstance  derived  from  the  mucous  membrane  as  the  result  of  a 
preexisting  inflammation  or  as  the  result  of  the  irritation  induced 
by  the  deposited  salts. 

The  causes  are  general  and  local.  The  most  important  general 
rause  is  faulty  metabolism  from  overeating,  improper  diet  (excess  of 
litrogenous  food,  sugar,  and  acids,  too  little  water),  alcohol,  indiges- 
ion  neurasthenia,  lack  of  exercise,  and  debilitating  diseases  character- 
zed  by  anemia  and  wasting.  According  to  the  substance  which 
ippears  in  excess  in  the  urine  the  condition  is  called  the  uric  acid 
liathesis  (lithemia),  oxaluria,  pho'sphaturia,  etc.  Lithemia  and  the 
endency  to  the  formation  of  uric  acid  stones  may  be  inherited. 
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Renal  calculi  occur  at  all  ages,  are  more  frequent  in  males^  and  arc 
bilateral  in  30  per  cent,  of  the  cases.  The  endemic  nature  of  nephro- 
lithiasis in  certain  districts  has  been  attributed  to  the  presence  of 
large  quantities  of  lime  in  the  drinking  water,  or,  owing  to  a  wanner 
climate,  to  the  increased  density  of  the  urine  as  the  result  of  excessive 
perspiration.  In  India,  Egypt,  China,  and  other  tropical  countries, 
where  stone  is  very  prevalent,  the  Bilharzia  hematobia  or  the  filaria 
sanguinis  hominis  is  held  responsible,  the  ova  of  the  former  or  the 
embryos  of  the  latter  forming  the  nuclei  for  the  stones.  The  chief 
local  causes  are  infection  of  the  kidney  or  its  pelvis  and  obstruction 
to  the  outflow  of  urine.  Here  must  be  mentioned  also  the  possi- 
bility of  a  nucleus,  which  may  be  composed  of  epithelium,  bactem, 
blood  clot,  pus  cells,  a  foreign  body,  or,  as  mentioned  above,  animal 
parasites. 

The  appearance  of  a  renal  stone  varies  with  its  composition, 
which,  it  must  be  noted,  is  not  always  the  same  throughout.    Stones 
usually  consist  of  uric  acid  or  urates,  sometimes  of  oxalate  or  phos- 
phate of  lime,  and  very  rarely  of  carbonates,  cystin,  or  xanthin. 
Uric  acid  calculi  are  oval,  smooth,  brownish,  very  dense,  usually 
laminated,  frequently  multiple,  and  sometimes  of  large  size.    Those 
composed  of  urates  are  lighter  in  color,  less  dense,  and  not  so  dis- 
tinctly laminated.    The  oxalate  of  lime  calculus  is  round  or  ovaL 
very  heavy  and  hard,  distinctly  laminated,  dark  brown  or  black  in 
color,  and  spiculated  or  nodular,  hence  the  name  mulberry  calculus; 
it  develops  very  slowly,  is  seldom  of  large  size,  and  is  usually  single. 
Phosphatic  calculi  are  composed  of  triple  phosphates,  are  whitish, 
soft,  friable,  usually  fetid  and  rarely  laminated.     They  form  when 
the  urine  becomes  alkaline  from  retention  and  decomposition  or 
from  the  drinking  of  alkaline  waters,  and  may  attain  a  large  size. 
Any  stone  or  foreign  body  may  have  a  phosphatic  coating.    Car- 
bonate of  lime  calculi  are  round,  hard,  and  white;  cystin  calcuH 
small,  soft,  smooth,  friable,  and  waxy  in  appearance;  xanthin  calculi 
reddish-brown  in  color,  small,  and  hard.     Renal  calculi  are  multiple 
in  two-thirds  of  the  cases,  in  which  event  they  are  often  faceted. 
They  vary  in  size  from  fine  granules  (gravel)  to  a  mass  almost  as 
large  as  the  kidney  itself  (Fig.  470).     Stones  in  the  parenchsrma  arc 
usually  rounded;  in  the  pelvis  otten  pyramidal,  dendritic,  or  coral- 
like, in  some  cases  forming  a  cast  of  the  pelvis;  in  the  ureter  oval. 

The  symptoms  vary  with  the  situation  of  the  calculus.  If  itis 
situated  in  the  parenchyma  (20  per  cent,  of  renal  stones)  and  is 
smooth  there  may  be  no  symptoms.  As  a  rule,  howevor,  there  fc 
pain  in  the  loin,  which  is  increased  by  jolting,  and  which  may  be 
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ilso  in  the  groin,  thigh,  testicle  (sometimes  with  retraction  of 
wgan),  and  occasionally  along  the  back  of  the  lower  limb  as 

>  the  heel.  In  rare  instances  it  is  referred  to  the  other  kidney. 
e  may  be  no  urinary  changes.  Tenderness  on  pressure  can 
it  always  be  elicited.  Abscess  of  the  kidney  may  follow. 
1  the  stone  lies  in  the  pelvis  of  the  kidney  (80  per  cent,  of 
stones)  it  usually  causes  pyelitis  (pyuria,  hematuria,  frequent 

irition,  etc.).  If  the  stone  passes  down  Ike  ureter  symptoms  of 
colic  follow,  viz.,  sudden,  excruciating,  paroxysmal  pain, 
ig  from  the  loin  along  the 
r  to  the  testicle,  which  is  re- 
Mi;  vomiting;  collapse; 
gury;  and  hematuria,  which 
:eii  detectable  only  by  the 
fscope.  The  pain  ceases  if 
ralculus  slips  back  into  the 
i,  or  if  it  reaches  the  bladder, 
stone  may  lodge  near   the 

>  of  the  kidney,  close  to  the 
er,  or  at  the  brim  of  the  bony 
i,  the  point  of  impaction  being 
iively  tender.  Sudden  and 
lete  obstruction  is  followed 
jppression  of  urine  on  the 
iponding  side  and  atrophy  of 
dney,  or  by  death  if  the  other 
y  is  not  functionally  active, 
ionally  the  other  kidney,  even 

healthy,  suddenly  ceases  to 
e  urine  {rejlex  anuria).  In- 
lete  or  intermittent  obstruc- 
rauses  hydronephrosis  or 
tphrosis.    In  some  cases  the 

ulcerates  through  the  wall  of  the  ureter  into  the  abdomen 
;roperitoneal  tissues.    Having  passed  through  the  ureter  the 

may  remain  in  the  bladder  as  a  vesical  calculus,  be  passed 
the  urine,  or,  particularly  in  male  children,  become  impacted 
;  urethra.  A  calculus  in  the  lower  portion  of  the  ureter  may 
onally  be  palpated  through  the  vagina  or  rectum.  The 
!cope  may  show  edema  of,  or  a  stone  in,  the  ureteral  meatus, 
ted  meatus,  a  difference  in  the  urine  on  the  two  sides,  or  absence 
;  urine  on  the  affected  side.    As  a  catheter  sometimes  passes 


Fio.  471. 
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a  stone,'  Kelly  suggests  the  use  of  a  wax-tipped  ureteral  bougit, 
upon  which  scratches  will  be  made  if  a  calculus  is  present.  The 
X-rays  (Fig.  471)  detect  the  stones  in  90  per  cent,  of  the  cases. 
'I'hoy  may  fail  to  show  very  small  stones,  pure  uric  acid  stones,  and 
stones  hidden  beneath  the  twelfth  rib.  Failure  in  the  last  instance 
may  be  avoided  by  taking  two  plates  at  different  angles.  Tlcj 
may  apparently  show  a  stone  when  none  exists,  the  source  of  error  bong 
u  defective  plate,  or  shadows  ca?t  by  phleboliths,  atherooiftUns 
plates,  apjiendical  concretions,  gall  stone,  tuberculous  f oci,  cildbii 
lymph  glands,  centers  of  ossification  in  the  pelvic  ligaramts,  der- 


'nal  calculi.     Specimen  shown  P12-  47'>. 


nioids.  toreign  bodies,  and  fecal  masses  (hence  the  necesuty  of 
jireliminary  purgation!,  'ihe  shadows  of  ureteral  calculi  are  gener- 
ally oval,  with  the  long  axis  in  the  Une  of  the  ureter.  That  the  shadov 
is  cast  tiy  a  stone  in  the  ureter  (Fig,  472)  can  be  proved  by  pas^ 
an  X-ray  (leadedi  catheter  into  the  ureter  and  taking  stereoscopic 
plates,  or  by  making  a  iiretcrogram,  i.e.,  a  skiagram  of  the  ureter 
Idled  with  an  opaque  solution.  Braasch  determines  the  exact  site 
<il  a  renal  stone  hy  means  of  the  pyelogiam.  If  the  stune  is  in  the 
renal  pelvis,  it  may  show  through  the  pyelogram,  if  in  a  calyx,  on 
the  wlge  of  the  pyelogram;  and  if  in  the  parenchyma,  separate 
from  the  |)yelogram.     As  calculi  are  present  in  both  the  kidnej's 
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.nd  the  ureter  in  5  per  cent,  of  the  cases,  and  are  bilateral  in  30 
ler  cent,  of  the  cases  the  skiagram  should  always  include  both 
adneys  and  both  ureters. 


P[C.  471. — SIciaKTBTQ  of  a  ureteral  calculus  impacted  near  the  bladder.  An  X-ray 
atheler  was  pasaed  into  each  ureter;  on  the  affected  side  the  catheter  met  with  obstnic- 
ion  three-fourths  of  an  inch  from  the  ureteral  orifice;  on  the  opposite  side  the  catheter 
•MsacA  up  the  ureter  without  difficulty.  The  stone,  which  was  removed  emraperi- 
oneally.  through  an  incision  above  and  parallel  with  Pouparl'-;  liijamunt.  is  shown. 
Ctual  siie,  in  the  right  lower  corner  of  the  illustration. 

The  diagnosis  is  often  missed  because  of  atypical  symptoms, 
hus*of  607  patients  with  nephrolithiasis  (combined  statistics  of 
'abot  and  Braasch)  169,  or  almost  28  per  cent.,  had  had  an  un- 
lecessary  abdominal  operation  pcrtormed.  The  cases  in  which 
onfusion  is  likely  to  occur  are  (a)  those  in  which  renal  calculi  are 
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mistaken  for  other  conditions,  and  (b)  those  in  which  other  conditions 
are   taken   for   renal   calculi,     (a)    Gastrointestinal    symptoms  in 
nephrolithiasis  may  arise  from  pylorospasm,  uremia,  or,  when  there 
is  renal  colic,  from  intestinal  paralysis;  the  gall-bladder,  the  pylorus, 
the  duodenum,  the  colon,  and  the  kidney  are  in  close  proximity^ 
and  the  appendix  may  overlie  the  ureter;  hence  the  principal  con- 
ditions which  renal  or  ureteral  calculi  may  simulate  are  gall-stones, 
gastric  or  duodenal  ulcer,  colitis,  intestinal  obstruction,  and  most 
frequently    appendicitis.     Persistent    albuminuria,    without   casts 
or  other  evidences  of  nephritis,  should  always  suggest  the  possibility 
of  stone,     (b)  The  principal  conditions  which  may  simulate  renal 
or  ureteral  calculi  are  diseases  of  the  kidney  and  ureter  other  than 
those  produced  by  stones,  vesiculitis,  testicular  lesions,  incipient 
inguinal  hernia  with  neuralgia  of  the  spermatic  cord,  appendicits 
with  hematuria,  the  crises  of  locomotor  ataxia,  and  spondylitis; 
all  of  these,  except  spondylitis,  may  give  gem'tourinary  symptoms. 
Of  the  greatest  importance  in  the  differential  diagnosis  of  nephro- 
lithiasis are  (i)  the  character  of  the  pain  in  relation  to  the  other 
symptoms,  it  often  being  very  severe  without  muscular  rigidit}-, 
fever,  or  leukocytosis,  unless  there  are  septic  complications;  (2) 
costovertebral  tenderness,  which,  owing  to  distension  of  the  renal 
pelvis,  is  frequently  present  even  in  ureteral  stone;  (3)  the  absence 
of  muscular  rigidity,  although  rigidity  is  possible,  especiaUy  in  the 
presence  of  inflammation,  but  is  then  lumbar  as  well  as  lateral, 
and  more  lumbar  than  lateral;  (4)  hematuria,  which  may  be  revealed 
only  by  the  microscope,  and  which  is  present  in  80  j>er  cent,  of  the 
cases;  (5)  the  cystoscope;  and  (6)  the  X-ray.     The  diagnosis  can 
be  made  with  certainty  in  90  per  cent,  of  the  cases,  if  one  only 
suspects  the  condition  and  has  a  skiagram  made;  and  it  can  be  made 
in  more  than  90  per  cent,  of  the  cases,  if  one  employs  the  cysto- 
scope and  the  ureteral  catheter. 

The  treatment,  if  the  stone  is  small,  quiescent,  and  in  the 
parenchyma,  may  be  directed  to  the  lithemia,  in  order  to  prevent 
augmentation  of  the  stone  or  the  formation  of  others;  this  consists 
in  exercise,  regulation  of  the  diet,  attention  to  the  bowels,  plenty 
of  water,  alkaline  diuretics,  and  piperazin.  Under  even  these 
circumstances,  however,  the  possibility  of  evil  effects  is  by  no  means 
small,  and  unless  there  are  serious  contraindications  nephrolithotomy 
is  probably  the  safer  course,  an  operation  which  becomes  imperative 
if  symptoms  or  complications  arise.  A  stone  in  the  pelvis  practically 
always  causes  trouble,  and,  imless  minute  enough  to  pass  down  the 
ureter,  should  be  removed  by  pyelolithotomy.    A  stone  moving 
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down  the  ureter  causes  renal  colic,  which  requires  hot  fomentations, 
hot  drinks,  and  the  h3rpodermatic  administration  of  atropin  and 
morphin.  If  impaction  with  complete  obstruction  occurs  immediate 
operation  is  demanded  to  save  the  kidney,  or  if  there  is  anuria  to  save 
life.  In  impaction  with  incomplete  obstruction  large  quantities 
of  water  by  mouth  and  injections  of  sweet  oil  into  the  ureter  through 
a  catheter  may  be  tried.  A  calculus  projecting  into  the  bladder 
may  be  dislodged  with  forceps  introduced  through  the  operating 
cystoscope;  if  the  calculus  is  just  above  the  ureteral  meatus,  the 
meatus  is  sometimes  dilated,  occasionally  split.  If  these  measures 
fail  to  dislodge  the  stone  it  should  be  removed  by  one  of  the  forms  of 
ureterolithotomy  or,  in  some  cases,  when  situated  near  the  kidney, 
by  pyelotomy  after  it  has  been  pushed  back  into  the  pelvis. 
Nephrectomy  is  indicated  only  when  the  kidney  is  totally  destroyed 
and  the  other  organ  is  healthy.  Recurrence  of  the  stones  after 
operation  occurs  in  9.8  per  cent,  of  the  cases.  Naturally  some  of 
the  so-called  recurrences  are  due  to  stones  that  have  been  over- 
looked at  the  time  of  operation. 

Tumors  of  the  kidney  are  relatively  infrequent,  and  include 
cancer,  sarcoma,  and  hjrpernephroma,  the  last  forming  80  per  cent, 
of  the  cases.  Sarcoma  is  most  often  seen  in  childhood,  hyper- 
nephroma in  and  after  middle  life.  Angioma,  papiUoma,  adenoma, 
and  rarely  other  benign  tumors  also  have  been  observed.  The 
symptoms  are  pain,  hematuria,  and  the  presence  of  a  growth  in  the 
loin,  the  tumor  lying  behind  the  colon,  moving  slightly  with  respira- 
tion, and  having  the  shape  of  the  kidney.  The  differential  diagnosis 
between  renal  tumor  and  an  enlarged  gall-bladder  is  given  under 
"Hydrops  of  the  Gall-bladder."  Hematuria  occurs  in  75  per  cent, 
of  the  cases,  and  is  often  profuse,  intermittent,  and  painless.  In  one 
of  our  cases  the  diseased  kidney,  probably  owing  to  its  vascularity, 
secreted  more  urine  than  its  fellow.  In  malignant  cases  acute 
varicocele  may  occur  from  the  pressure  of  enlarged  glands  on  the  root 
of  the  spermatic  vein,  and  cachexia  sooner  or  later  develops.  Pig- 
mentation of  the  skin  indicates  invasion  of  the  suprarenal  body. 
Sarcoma,  including  hypernephroma,  may  give  rise  to  metastases  in 
the  lungs,  liver,  and  bone*,  indeed  secondary  growths  in  the  last 
situation  may  be  the  first  sign  of  trouble.  Papilloma  of  the  renal 
pelvis  is  very  likely  to  become  malignant;  it  may  cause  death  from 
hemorrhage,  and  occasionally  some  of  the  villous  tufts  become 
detached  and  appear  in  the  urine.  In  renal  tumor  the  pyelogram 
may  show  an  indentation  or  other  irregularity  in  the  outline  of  the 
pelvis.    The  treatment  is  nephrectomy,  unless  the  growth  is  benign 
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and  small,  when  it  alone  should  be  removed.  Recurrence  after 
operation  for  malignant  disease  of  the  kidney  takes  place  in  90  per 
cent,  of  the  cases. 

Cysts  result  from  interstitial  nephritis  (small  and  not  treated 
surgically) ,  from  obstruction  to  one  of  the  ducts,  or  from  hydatid 
disease.  Dermoid  cysts  also  have  been  observed.  When  of  large 
size  they  may  be  detected  by  palpation.  In  hydatid  disease  the 
booklets  may  sometimes  be  found  in  the  urine.  The  treatment  is 
enucleation^  or  in  the  worst  cases  fiephrecUmiy,  Congenital  cystic 
disease  of  the  kidney  is  characterized  by  large  multilocular  C}'st5, 
probably  the  result  of  defective  development  of  the  Wolffian  body. 
The  symptoms  are  the  presence  of  a  tumor,  and  occasionally  pain, 
albuminuria,  and  hematuria.  As  both  kidneys  are  involved  id  98 
per  cent,  of  the  cases,  surgical  treatment  is,  as  a  rule,  contraindicated; 
one  may  be  forced  to  operate,  however,  for  complications,  viz.. 
suppuration,  severe  hematuria,  hydronephrosis,  anuria,  intestinal 
obstruction,  painful  crises  due  to  displacement.  When  one  organ 
alone  is  involved,  it  may  be  excised;  if  both  organs  are  affected  the 
operation  must  be  conservative,  i.e.,  nephrotomy,  nephropexy,  or 
decapsulation  with  excision  or  puncture  of  the  cysts. 

OPERATIONS  ON  THE  KIDNEY  AND  URETER 

The  kidney  may  be  exposed  through  the  abdomen  or  through  the 
loin.  The  abdominal  route  is  selected  if  a  very  large  tumor  is  to  be 
attacked.  The  incision  is  made  through  the  semilunar  line,  the 
peritoneal  cavity  opened,  and  the  organ  exposed  by  an  incision 
through  the  posterior  parietal  peritoneum  at  the  outer  side  of  the 
colon .  The  lumbar  route  is  chosen  whenever  pK)ssible.  The  patient 
should  be  placed  upon  the  sound  side  with  the  thighs  and  knees 
flexed  and  a  sand  bag  or  air  cushion  under  the  loin,  in  order  to  widen 
the  costoiliac  space  and  push  the  kidney  up  into  the  wound.  The 
incision  may  be  vertical  or  oblique.  The  vertical  incision  runs  close 
to  the  outer  border  of  the  erector  spinae,  from  one-half  inch  below  the 
last  rib  to  the  crest  of  the  ilium.  The  fibers  of  the  latissimus  dorsi  are 
scj)arated,  the  lumbar  fascia  incised,  and  the  quadratus  lumborum 
and  the  erector  spina^  retracted  inwards.  The  last  thoracic,  the 
iliohypogastric,  and  the  ilioguinal  nerves  lie  beneath  the  quadratus 
and  should  be  drawn  aside,  or,  if  severed,  sutured  at  the  end  of  the 
operation.  The  kidney  is  exposed  by  tearing  through  the  perirenal 
fat.  If  more  room  is  needed,  the  incision  may  be  extended  outwards 
in  a  transverse  direction  above  the  crest  of  the  ilium.    The  oMijvi 
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incision  extends  from  the  outer  border  of  the  erector  spinae,  one-half 
inch  below  the  twelfth  rib,  downwards  and  outwards  towards  the 
anterior  spine  of  the  ilium.  The  latissimus  dorsi,  external  oblique, 
internal  oblique,  and  the  transversalis  muscle  and  fascia  are  divided. 

Nephropexy  has  been  performed  in  many  different  ways,  but  only 
the  most  important  can  be  mentioned.  Edebohls  delivers  the  kidney 
through  the  wound,  excises  the  fatty  capsule,  makes  an  incision 
through  the  fibrous  capsule  along  the  convex  border  of  the  kidney, 
turns  the  capsule  half  way  back  towards  the  pelvis,  passes  two  mat- 
tress sutures  through  the  reflected  capsule  on  each  side  of  the  kidney, 
and  replaces  the  kidney.  The  sutures  are  not  tied  until  they  have 
been  passed  from  within  outwards  through  the  muscles.  The  wound 
is  then  closed.  It  has  been  suggested  also  to  tunnel  under  the 
fibrous  capsule,  and  thread  the  tunnel  on  the  twelfth  rib ;  to  throw  a 
free  transplant  of  fascia  lata  around  the  kidney  and  suture  the 
sling  to  the  fascia  of  the  back.  The  passage  of  sutures  through  the 
parenchyma  is  undesirable.  Da  Costa  passes  a  strip  of  gauze,  com- 
posed of  two  pieces  sutured  together  with  catgut,  around  each 
pole  of  the  kidney,  and  ties  the  strips  over  additional  gauze  which 
fills  the  wound  superficial  to  the  kidney.  After  the  catgut  is  ab- 
sorbed the  strips  are  easily  removed.  The  gauze  creates  a  bed  of 
cicatricial  tissue  which  holds  the  kidney  in  place. 

Nephrotomy,  or  incision  ot  the  kidney,  is  performed  after  deliver- 
ing the  kidney  through  the  w^ound,  whenever  possible.  The  length 
and  direction  of  the  incision  will  vary  with  the  condition  to  be  treated. 
^Tien  done  for  exploratory  purposes,  the  incision  is  made  along  the 
convex  border,  just  behind  the  mesial  plane,  at  which  place  the  ven- 
tral and  dorsal  vessels  meet  and  the  least  bleeding  occurs.  If  neces- 
sary the  whole  kidney  may  be  split  and  laid  op>en  like  a  book.  An 
assistant  should  compress  the  renal  vessels  during  this  procedure  in 
order  to  prevent  hemorrhage.  Through  the  incision  the  interior  of 
the  kidney  and  the  pelvis  can  be  explored  and  bougies  passed  down 
the  ureter.  The  wound  may  be  closed  with  mattress  sutures  of 
catgut,  which  necessarily  interrupt  the  vascular  supply  to  portions  of 
the  parenchyma.  If  bleeding  continues  tamponage  with  fat  or 
muscle,  as  described  under  rupture  of  the  kidney,  should  be  con- 
sidered. As  a  rule  the  wound  cannot  be  made  dry,  and  drainage 
must  be  inserted.  We  have  had  several  dangerous  secondary 
hemorrhages  after  nephrotomy,  demanding  removal  of  the  kidney, 
hence  never  perform  it  unless  forced  to  do  so.  Nephrolithotomy 
is  nephrotomy,  plus  the  removal  of  stones  with  the  finger  or  with 
forceps.    The  calculi,  if  not  accurately  localized  by  the  X-ray, 
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may  be  found  by  palpation,  or  by  puncturing  the  organ  with  a 
needle.     Drainage  will  usually  be  required. 

Pyelotomy,  or  incision  of  the  pelvis  of  the  kidney,  is  called  pyelo- 
lithotomy  when  done  for  stone.  The  kidney  is  delivered,  the  poste- 
rior wall  of  the  pelvis  opened  transversely  to  avoid  the  vessels,  and 
the  wound  subsequently  sutured  or  drained,  according  to  indica- 
tions. In  pyelolithotomy  one  should  disturb  the  fat  over  the  pos- 
terior wall  of  the  pelvis  no  more  than  is  absolutely  necessary;  it 
reinforces  the  suture  line  and  helps  to  prevent  the  escape  of  urine; 
in  many  cases  thus  treated  urine  never  flows  through  the  wound  in  the 
loin.  The  old  belief  that  urinary  fistula  is  more  apt  to  follow  than 
after  nephrotomy  has  been  proved  untrue. 

Nephrostomy  is  the  making  of  an  opening  into  the  peh'is  of  the 
kidney  through  the  parenchyma  for  the  purpose  of  diverting  the 
urine  from  the  ureter  and  the  bladder.  A  similar  purpose  may  be 
served  by  pyelostotny,  or,  when  the  bladder  alone  is  to  be  put  at  rest 
by  ureterostomy  or  ureter oenterostomy,  Watson  recommends  double 
nephrostomy,  instead  of  the  other  operations  just  mentioned,  before 
total  cystectomy,  and  in  cases  of  inoperable  tumor  or  tuberculosis  of 
the  bladder.  The  ureter  is  tied  close  to  the  renal  pelvis,  the  kidne)' 
incised,  and  a  tube  inserted.  After  the  fistula  is  established  the 
urine  is  collected  in  a  specially  constructed  reservoir,  which  is 
strapped  to  the  back. 

Nephrectomy,  or  removal  of  the  kidney,  should  not  be  performed 
until  the  presence  and,  if  possible,  the  functionating  capacity  of  the 
other  kidney  have  been  ascertained.  The  kidney  may  be  removed 
through  the  abdomen  or  by  the  lumbar  route.  The  advantages  of 
the  abdominal  route  are  that  the  pedicle  can  be  more  easily  controlled 
and  the  other  kidney  palpated;  the  latter  maneuver  may  be  accom- 
plished also  in  the  lumbar  operation,  after  incising  the  peritoneum  ou 
the  outer  side  of  the  colon.  The  great  objection  is  that  the  perito- 
neum is  opened,  hence  it  is  employed  only  when  the  organ  is  too  large 
to  be  dealt  with  through  the  loin.  In  either  method  the  kidney  15 
shelled  from  its  bed,  and  the  ureter  and  renal  vessels  tied  separately. 
It  should  be  recalled  that  accessory  renal  vessels  exist  in  20  per  coit 
of  the  cases.  When  the  operation  is  done  for  malignant  disease,  the 
fatty  capsule  also  should  be  removed;  if  for  tuberculosis,  the  ureter, 
when  involved,  likewise  should  be  excised.  Partial  nephrectomy  is 
performed  by  removing  a  wedge-shaped  portion  of  the  kidney  and 
suturing  the  wound. 

Decapstilation  of  the  kidneys  for  chronic  nephritis  consists  ia 
exposing  the  kidneys,  peeling  off  the  fibrous  capsules^  and  drqq[)iQg 
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the  kidneys  back  into  place.     Improvement  follows  in  some  cases, 
but  the  exact  value  of  the  operation  has  not  yet  been  determined. 

The  ureter  may  be  palpated  through  an  abdominal  incision, 
as  suggested  by  Gibbon,  but  should  not  be  opened  by  this  route, 
because  of  the  danger  of  peritonitis.  The  upper  ureter  may  be 
exposed  through  the  lumbar  incision  made  for  operations  on  the 
kidney;  the  lower  ureter  by  an  incision  running  from  just  above  the 
anterior  superior  spine  of  the  ilium,  downward  and  forward,  one-half 
inch  above  and  parallel  with  Poupart's  ligament,  to  the  inguinal 
canal;  the  whole  ureter  by  combining  these  incisions.  The  peri- 
toneum is  stripped  trom  the  parietes  until  the  ureter  is  reached. 
In  operating  through  the  lower  incision  the  ureter  is  usually  found  by 
following  the  external  iliac  artery  to  its  origin;  the  ureter  crosses  the 
vessels  at,  or  just  above  or  below,  this  point.  Identification  is 
ordinarily  simple,  because,  in  the  presence  of  disease,  the  ureter  is 
ahnost  always  dilated  or  thickened,  or  both.  The  lower  end  of  the 
ureter  may  be  attacked  also  through  the  bladder,  vagina,  perineum, 
or  by  a  modified  Exaske  operation. 

Ureteropyelostomyy  or  anastomosis  between  the  ureter  and  the 
pelvis  of  the  kidney,  has  been  performed  in  cases  of  hydronephrosis 
due  to  impermeable  stricture  of  the  upper  end  of  the  ureter  or  kinking 
of  the  ureter  over  the  renal  vessels.  The  same  result  has  been  ob- 
tained by  an  operation  similar  to  pyloroplasty,  or  by  excising  the 
valve  which  is  sometimes  found  between  the  hydronephrotic  sac  and 
the  ureter. 

Ureterolithotomy  consists  in  opening  the  ureter  by  a  longitudinal 
incision  and  removing  the  calculus,  after  the  ureter  has  been  exposed 
by  one  of  the  routes  mentioned  above.  If  near  the  bladder  the  stone 
may  sometimes  be  displaced  upwards  to  a  more  favorable  site  for 
attack,  or  the  ureter  may  be  incised  in  an  easily  accessible  region  and 
the  stone  extracted  with  long  slender  forceps.  The  ureteral  wound 
may  be  sutured  with  fine  catgut,  or  drained,  and  allowed  to  close  at 
a  later  period. 

Ureteral  anastomosis  may  be  performed  in  the  same  manner  as 
lateral  anastomosis  of  the  intestine.  In  lateral  implantation  {Van 
Hookas  operation)  the  end  of  the  lower  segment  of  the  ureter  is  ligated, 
and  an  opening  made  below  the  ligature,  into  which  the  lower  end  of 
the  upper  segment  is  drawn  by  a  catgut  suture  which  passes  through 
this  end  and  then  into  the  lateral  opening  and  out  through  the 
ureteral  wall  about  one  quarter  of  an  inch  below  the  opening,  the 
end  of  the  upper  segment  having  been  previously  split  in  a  longitudi- 
nal direction  to  prevent  stenosis.     When  this  operation  is  not  feasi- 
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ble,  the  ureter  may  be  anastomosed  to  the  bladder  (ureterocystosUmy)^ 
to  the  pelvis  of  the  kidney  {ureteropyelostomy) ,  or  even  to  the  intes- 
tine {ureteroenterostomy) ',  the  last  method,  however,  is  very  likely  to 
be  followed  by  peritonitis  or  infection  of  the  kidney.  When  a  great 
length  of  the  ureter  has  been  injured  or  destroyed,  it  may  be  neces- 
sary to  suture  the  ureter  to  the  skin  (ureterostomy)  or  to  remove  the 
corresponding  kidney.  Substitution  of  a  piece  of  vein  for  a  seg- 
ment of  the  ureter  has  been  successfully  accompb'shed  in  the  dog. 

THE  BLADDER 

Attention  has  already  been  called  to  congenital  umbilical  and 
rectal  fistulae  communicating  with  the  bladder. 

Ectopia  vesicae,  or  extroversion  of  the  bladder,  is  a  congenital 
absence  of  the  anterior  wall  of  the  bladder,  the  soft  tissues  which 
should  overlie  it,  and  of  the  symphysis  pubis.  It  is  most  common  in 
males,  the  upper  wall  of  the  urethra  also  being  wanting  (complete 
epispadias).  The  posterior  wall  of  the  bladder  with  the  ureteral 
openings  is  pressed  forwards  and  becomes  inflamed  owing  to  ex- 
posure. The  urine  dribbles  away  constantly  and  the  inflammation 
may  spread  up  the  ureters  to  the  kidneys.  The  treatment  is  very 
unsatisiactory.  The  patient  may  wear  a  urinal  or  be  subjected  to 
operation.  Efforts  may  be  made  to  close  the  bladder  by  suturing 
the  mucous  edges  together,  or  by  utilizing  flaps  from  the  neighboring 
skin  or  a  piece  of  intestine.  To  facilitate  the  approximation  of  a 
large  opening  the  sacroiliac  ligaments  have  been  divided,  and  the 
cleft  in  the  symphysis  pubis  obliterated  by  forcible  compression. 
The  urethra  has  been  patched  with  a  skin  flap.  A  new  urethra, 
opening  within  the  sphincter  ani,  so  as  to  avoid  incontinence,  has 
been  made  from  the  skin  of  the  perineum  and  the  wall  of  the  rectum. 
The  rectum  has  been  severed,  in  order  to  create  a  bladder  from  the 
distal  segment,  the  lower  end  of  the  upper  segment  being  sutured  to 
the  skin  just  behind  the  anus  but  within  the  sphincter  ani.  A  new 
bladder  has  been  made  from  the  cecum,  the  appendix  acting  as  the 
urethra.  In  order  to  prevent  the  urine  from  flowing  over  the  in- 
flamed vesical  mucous  membrane  the  ureters  have  been  implanted  in 
the  urethra,  vagina,  skin  of  the  abdominal  wall.  The  ureters  have 
been  anastomosed  with  the  intestine  in  various  ways;  probably  the 
best  method  is  that  in  which  the  ureters  with  the  trigone  are  im- 
planted into  the  sigmoid.  The  valvular  openings  of  the  ureters  are 
thus  preserved  and  bacteria  prevented  from  ascending  to  the  kidney; 
urine  collects  in  the  sigmoid  and  is  voided  at.intervals. 
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For  injuries  of  the  bladder  see  "  Contusions  of  the  Abdomen/' 

Examination  of  the  bladder  may  be  made  by  palpation  through 
the  hyp>ogastrium,  rectum,  or  in  the  female  through  the  vagina  or 
even  the  dilated  urethra.  Percussion  and  inspection  of  the  hypo- 
gastrium  also  may  give  information.  The  introduction  of  a  sound 
through  the  urethra  may  detect  a  calculus  or  tumor.  The  X-ray  is  of 
value  chiefly  for  the  detection  of  stones  and  foreign  bodies,  the  size, 
shai>e,  and  position  of  the  bladder  can  be  demonstrated  after  in- 
jecting air  or  a  solution  opaque  to  the  x-rays.  Cystoscopy  is  de- 
scribed below.  Since  vesical  symptoms  may  be  of  genital  or  rectal 
origin,  these  organs  should  always  be  investigated  after  the  bladder 
has  been  examined.  Owing  to  the  perfection  of  the  cystoscope 
exploratory  cystotomy  is  rarely  indicated. 

Cystoscopy  is  the  most  important  and,  indeed,  excluding  ex- 
ploratory incision,  sometimes  the  only  method  for  diagnosticating 
endovesical  conditions.  It  permits  inspection  also  of  the  prostate 
and  ureteral  orifices,  the  introduction  of  catheters  into  the  ureters, 
lavage  and  medication  of  these  ducts  and  of  the  renal  pelvis,  topical 
applications  to  the  bladder,  and  the  removal  of  small  intravesical 
growths,  stones,  and  foreign  bodies.  It  cannot  be  used  when  the 
urethra  is  too  small  to  admit  the  instrument,  e.g.,  in  stricture  and 
in  youRg  children,  and  when  the  bladder  will  not  hold  the  requisite 
amount  of  fluid;  and  it  is  generally  contraindicated  in  acute  inflam- 
matory troubles  of  the  urethra,  bladder,  and  prostate;  in  tuberculosis 
of  the  bladder,  unless  the  diagnosis  cannot  be  made  by  other  means; 
and,  because  of  the  danger  of  suppression  of  urine,  in  acute  nephritis. 
Boys  over  10  and  girls  over  6  years  can  be  cystoscoped  with  an  in- 
strument whose  caliber  is  16  or  18  F. 

The  cystoscope  consists  of  a  hollow  shaft,  shaped  like  a  stone 
sound,  with  an  electric  light  at  the  end,  and  one  or  more  telescopes 
which  slide  into  the  shaft.  The  lens  system  in  the  telescope  is  so 
arranged  as  to  enable  the  examiner  to  see  that  part  of  the  bladder 
tovrard  which  the  instrument  is  directed  (direct  system) ,  or  the  part  at 
right  angles  to  the  instrument  (indirect  system) .  In  some  cystoscopes 
both  systems  may  be  used  with  the  same  s-haft,  which  also  contains 
channels  for  the  passage  of  ureteral  catheters,  operating  instruments, 
and  channels  for  irrigating  the  bladder.  When  the  indirect  system  is 
used  for  catheteriadng  the  ureters,  the  catheter  is  directed  towards  the 
ureteral  orifice  by  a  lever  on  the  end  of  the  cystoscope,  which  is  raised 
or  lowered  by  a  screw  on  the  external  end .  A  special  cystoscope  may  be 
employed  for  endovesical  operations.  The  male  cystoscope  answers 
equally  well  in  the  female.    The  cystoscope  and  ureteral  catheters 
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may  be  sterilized  by  immersion  in  a  solution  of  formalin  (2  per  cent) 
for  thirty  minutes,  after  which  all  traces  of  the  antiseptic  should  be 
removed  with  sterile  water.  For  ordinary  examinations  anesthesia 
is  not  required;  if  the  urethra  is  sensitive,  however,  about  4  drains  of 
a  10  per  cent,  solution  of  procain  may  be  instilled  into  the  urethra 
and  bladder  portion  by  a  urethral  syringe  or  a  catheter;  occasionally 
in  nervous  patients  a  general  anesthetic  must  be  employed.  The 
buttocks  are  elevated  and  brought  over  the  end  of  the  table,  the 
thighs  being  separated  and  slightly  flexed,  the  feet  resting  on  chaiK; 
a  special  table  is  convenient  but  not  essential.  The  external  genitals 
are  disinfected  and  washed  with  sterile  water.  The  light  is  then 
turned  on  for  a  moment  to  test  the  lamp;  the  instrument  lubricated 
with  glycerin  or  liquid  vaselin  and  passed  into  the  bladder  like  a 
sound;  the  bladder  irrigated  with  cool  sterile  water  until  it  is  dean, 
adding,  however,  adrenalin  chlorid  in  the  proportion  of  i  to  10,000, 
if  there  is  bleeding;  at  least  5  ounces  of  the  fluid,  but  preferably 
10  or  12,  allowed  to  remain  in  the  bladder,  so  as  to  distend  it  and 
prevent  burning;  the  telescope  slipped  into  the  sheath;  and  the  light 
turned  on.  If  the  fluid  quickly  becomes  turbid  the  examination  may 
be  made  under  continuous  irrigation. 

If  catheterization  of  the  ureters  is  desired  the  instrument  is  brought 
to  the  middle  line  and  slowly  withdrawn  until  the  interureteral  bar 
(which  forms  the  posterior  boundary  of  the  trigone)   comes  into 
view;  this  is  followed  laterally  until  the  slit-like  ureteral  meatus 
appears  (Fig.  474),  which  is  usually  on  the  summit  of  a  little  teat 
and  may  be  identified  by  noting  that  at  intervals,  generally  varying 
from  30  to  60  seconds  or  more,  it  opens  like  a  fish  mouth,  ejects  a 
swirl  of  urine,  and  closes  again.     The  catheter  is  protruded  from  the 
instrument,  gently  pressed  against  the  orifice,  and  then  passed  up  the 
ureter  (Fig.  476).     The  procedure  is  next  repeated  on  the  opposite 
side,  the  light  turned  off,  the  fluid  allowed  to  escape  from  the  bladder, 
and  the  catheters  fed  through  the  cystoscope  as  it  is  withdrawn,  so 
as  not  to  pull  them  from  the  ureters.     Each  catheter  is  passed  into 
a  test  tube,  which  is  plugged  with  cotton,  and  fastened  by  means 
of  adhesive  plaster  to  the  corresponding  thigh.     It  is  a  good  plan 
to  use  a  catheter  of  different  color  for  each  side  so  that  no  confusion 
as  to  which  is  which  can  arise.    As  a  rule,  even  with  the  goitlcst 
manipulation,  some  blood  will  be  found  in  the  samples,  hence  it  is 
advisable  to  collect  the  urine  from  each  side  in  two  or  three  tubes, 
allowing  each  to  remain  in  position  one-half  hour  or  longer,  accord- 
ing to  the  amount  of  urine  excreted.    If  a  catheter  does  not  dni&i 
gentle  suction  with  a  syringe  should  be  tried;  failing  this  not  moit 
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than  2  fluid  drams  of  sterile  water  may  be  injected.  The  functional 
capacity  of  the  kidneys,  pyelography,  and  chromocystoscopy  are 
considered  under  "Examination  of  the  Kidney;"  the  means  of 
measuring  the  pelvis,  under  "Hydronephrosis;"  the  use  of  opaque 
catheters,  under  "Renal  Calculi." 

Incontinence  of  urine  is  the  involuntary  escape  of  urme.     (i)  In 
true  or  passive  incontinence  the  urine  flows  out  of  the  bladder  as  soon 
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Pics.  473  to  476. — Cystoscopic  pictures. 

Pie.  473- — DiUled,  rigid  (noncontracling).  retracted  ureteral  meatus,  surrounded  br 

alcers  and  tubercles,  characteristic  of  renal  tuberculo<iis.     Pic  474. — Normal  ureterml 

m««tn».     Pk,  47S. — J«  of  pus  comine  from    ureter.     Fic.  476. — Catheter  entering 


as  it  flows  in,  and  the  bladder  is  never  distended.  It  is  seen  in 
conditions  like  ectopia  vesicas,  fistulx  leading  into  the  bladder, 
paralysis  of  the  bladder,  and  paralysis  of  the  sphincter  vesica;  the 
result  of  disease  or  injury  of  the  vesical  sphincter  or  of  its  center  in 
the  spinal  cord;  it  occurs  also  from  propping  open  of  the  internal 
meatus  by  a  growth  or  calculus.  (.2)  Active  incontinence  is  due  to 
exaggeration  of  the  vesical  reflex.     It  is  most  common  in  children, 
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occurring,  as  a  rule,  only  during  sleep.  It  may  be  sympiomaiicM. 
due  to  phimosis,  stone,  highly  acid  urine,  seat  worms,  spinal  disease, 
rectal  disorders,  or  constipation,  but  in  most  cases  it  is  idiopailac, 
i.e.,  no  cause  can  be  found,  except  perhaps  that  the  child  is  neurotic. 
These  cases  are  treated  by  removing  any  existing  irritation,  admin- 
istering belladonna  and  tonics,  waking  the  child  at  night  to  pass 
water,  and  by  sending  the  patient  to  bed  thirsty.  Imperative 
urination,  coming  on  every  few  minutes,  and  due  to  inflammation 
or  other  form  of  irritation,  is  sometimes  called  false  incontinence. 
(;y)  The  incontinence  of  retention  (paradoxical  ischuria)  is  the  over- 
flow of  a  distended  bladder,  due  to  some  obstruction,  such  as  stric- 
ture or  enlarged  prostate,  or  to  paralysis  of  the  detrusor,  such  as 
may  occur  in  spinal  diseases  and  injuries. 

Retention  of  urine  is  distention  of  the  bladder  owing  to  inabiiit}- 
to  pass  urine.  The  causes  of  retention  are:  i.  Obstruction,  such  as 
phimosis;  ligature  about  the  penis;  tumor  or  abscess  of  the  perineum; 
stricture,  calculus,  foreign  body,  rupture,  tumor,  abscess,  or  con- 
genital occlusion  of  the  urethra,  inflammation,  abscess,  tumor, 
hypertrophy,  or  calculus  of  the  prostate;  and  external  pressure,  such 
as  fecal  impaction  and  uterine  tumors.  2.  Non-obstructive  lesions, 
such  as  atony  or  paralysis  of  the  bladder,  reflex  inhibition  (e.g.,  after 
injuries  of  or  operations  on  the  rectum),  hysteria,  fevers,  shock,  and 
drugs  like  belladonna,  opium,  and  cantharides.  The  most  common 
cause  in  the  new  born  is  occlusion  of  the  urethra,  in  infants  phimosis, 
in  children  impacted  calculus,  in  youth  one  of  the  complications  of 
gonorrhea  (male)  or  hysteria  or  foreign  body  in  the  bladder  (female), 
in  men  stricture,  in  women  pelvic  disease,  and  in  old  age  prostatic 
hypertrophy.  In  acute  obstructive  retention  the  bladder  wall  is 
greatly  thinned;  in  chronic  obstructive  retention,  usually  greatly 
thickened  (excentric  hypertrophy),  and  often  trabeculated,  the  tra- 
beculae  representing  hypertrophied  muscular  fasciculi,  which  cross 
in  a  net-like  manner,  thus  forming  deep  sacculations  in  the  mucous 
coat.  Trabeculation  from  increased  work  may  be  due  also  to  vesical 
irritation,  e.g.,  from  chronic  cystitis,  calculi,  tumors,  tuberculosis, 
or  foreign  bodies;  in  these  cases,  if  there  is  no  obstruction,  the 
bladder  is  contracted  (concentric  hypertrophy). 

The  symptoms  in  obstructive  cases  are  pain,  intense  desire  but 
inability  to  urinate,  and  frequent  straining  efforts.  The  bladder 
may  be  seen  and  felt  above  the  pubes  as  a  median,  symmetrical, 
pyriform,  fluctuating  tumor,  which  is  dull  on  percussion,  and 
pressure  upon  which  increases  the  desire  to  urinate.  It  may  be 
palpated  also  through  the  rectum  or  vagina.    The  obstmctioii  fe  | 
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encountered  on  attempting  to  pass  a  catheter.  The  distention 
increases  until  some  urine  is  forced  through  the  obstruction,  or  until 
the  back  pressure  induces  suppression  of  urine.  The  bladder  does 
not  burst  unless  injured  or  ulcerated,  although  the  posterior  urethra 
may  give  way  if  the  obstruction  is  lower  down.  In  non-obstructive 
retention  the  patient  may  make  no  complaint,  and  as  the  urine 
begins  to  dribble  away  when  the  bladder  can  hold  no  more,  the 
condition  may  be  mistaken  for  incontinence.  Retention  is  to  be 
distinguished  also  from  suppression,  as  in  each  no  urine  is  voided. 
In  the  former  the  signs  of  a  distended  bladder  are  in  evidence,  and 
the  introduction  of  a  catheter  is  imix)ssible,  or  results  in  the  with- 
drawal of  a  large  quantity  of  urine.  In  the  latter  the  bladder  is 
empty  and  no  urine  is  obtained  by  the  catheter. 

The  treatment  of  non-obstructive  retention  following  operations 
i?  given  under  "Surgical  Technic"  (Chap.  IV),  and  what  is  said 
there  applies  to  most  of  the  other  forms  of  non-obstructive  retention. 
The  details  of  the  treatment  of  obstructi\'e  retention  vary  with  its 
cause.  If  it  is  not  possible  to  remove  the  obstacle  to  urination  at 
once,  and  a  catheter  cannot  be  passed  into  the  bladder,  the  patient 
must  be  relieved  by  suprapubic  or  perineal  cystotomy,  or  by  para- 
centesis vesica,  i.e.,  the  plunging  of  a  fine  trocar  into  the  bladder, 
in  the  middle  line  immediately  above  the  pubes. 

Atony  of  the  bladder  (loss  of  tone  of  the  muscular  walls)  is 
physiological  in  old  age.  The  pathological  causes  are  acute  or 
chronic  retention,  and  lesions  involving  the  nervous  mechanism 
of  the  bladder,  e.g.,  injury  of  the  spinal  cord  or  of  the  motor  nerves 
of  the  bladder,  Pott's  disease,  spina  bifida,  and  diseases  of  the  spinal 
cord,  especially  syphilis,  including  locomotor  ataxia.  If  the  nervous 
impulses  are  completely  interrupted  paralysis  of  the  bladder  and 
true  incontinence  ensue.  The  symptoms  of  atony  are  difTiculty  in 
starting  micturition,  lessened  force  of  the  stream,  and  dribbling  at 
the  completion  of  the  act.  There  is  always  some  residual  urine, 
which  is  apt  to  decompose  and  set  up  a  cystitis.  The  treatment 
is  that  of  the  cause  (obstructive  or  nervous),  and  catheterization 
to  draw  off  the  residual  urine.  The  catheter  is  to  be  used  once  per 
day  for  every  two  ounces  of  residual  urine,  thus  if  there  are  eight 
ounces  of  residual  urine,  the  catheter  should  be  used  everv  six  hours. 
Urinary  antiseptics,  strychnin,  and  electricity  also  may  be  employed. 

Cystitis,  or  inflammation  of  the  bladder,  may  be  acute  or  chronic. 
The  morbid  anatomy  and  the  varieties  are  the  same  as  those  of 
inflammation  in  other  mucous  membranes.  The  three  important 
factors  in  the  production  of  cystitis  are  (a)   infection,  (b)   local 
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irritation,  and  (c)  obstruction.    A. — Infection  reaches  the  bladder 
by  one  of  six  routes,     i . — Direct  infection  is  the  result  of  a  wound,  or 
the  passage  of  nonsterile  instruments  into  the  bladder.     An  aseptic 
catheter  may  cause  cystitis  by  pushing  bacteria  from  the  urethra 
into  the  bladder,  or,  in  the  presence  of  bacteriuria,  by  injiuing  the 
vesical  walls.     2. — Descending  infection  comes  from  the  kidney, 
e.g.,  in  acute  fevers  and  in  tuberculosis.    3. — Ascending  infectwa 
travels  up  from  the  urethra,  e.g.,  in  gonorrhea,   or  through  the 
urethra  from  the  epididjinis,  seminal  vesicle,  or  prostate.    4.— In- 
fection by  contiguity  extends  from  neighboring   structures,  e.g., 
from  the  rectum,  female  pelvic  organs,  or  from  an  appendix  lying 
against  the  bladder.    Little  stress  is  laid  on   (5)    hematogenous 
infection,  since  cystitis  is  rarely  a  primary  affection.     6. — LymiAo- 
genous  infection  also  is  mentioned  merely  as  a    possibility.    As 
with  the  kidney,  bacteria  may  be  present  in  the  urine  without 
inducing  inflammation  of  the  bladder,  so  long  as  there  is  no  local 
irritation  or  obstruction.     Even  pus  may  flow  through  the  bladder, 
on  its  way  from  the  kidneys,  without  causing  cystitis.     The  bacteria 
usually  present  are  the  colon  bacillus,  staphylococcus,  streptoccos, 
and  less  commonly  the  gonococcus,  typhoid  bacillus,  and  the  tubtfdc 
bacillus.     The  colon  bacillus,  the  tubercle  bacillus,  and  the  gono- 
coccus  are  usually  found  in  acid  urine,  the  others  in  alkaline  urine, 
b. — Local  irritation  is  the  result  of  cold,  injury,  calculi,  foreign  bodies, 
external  pressure  from  tumors,  lithemia  and  irritating  drugs,  sud 
as   turpentine  and  cantharides.    Inflammarion  from  any  of  these 
causes,  even  though  primarily  aseptic,  is  almost  certain  to  becwnc 
infective,  and  then  the  infection  assumes  the  predominant  rfik. 
c. — Obstruction  from  any  cause  (see  "Retention  of  Urine")  results 
in  retention  and  decomposition  of  the  urine. 

The  sjrmptoms  of  acute  cystitis  are  pain  in  the  h3rpogastriiim 
and  perineum,  more  marked  at  the  end  of  urination,  which  is  &^ 
quent,  urgent,  and  associated  with  tenesmus;  tenderness  of  the 
bladder,  elicited  by  hypogastric  or  rectal  palpation;  turbid,  usually 
acid  urine,  containing  mucus,  pus,  and  sometimes  blood;  and  fever 
due  to  toxemia.  Cystoscopic  examination  is  generally  contrain- 
dicated.  Recovery  is  the  rule,  but  the  inflammation  may  becwne 
chronic,  or  rarely  cause  death  from  toxemia,  peritonitis,  or 
pyelonephritis. 

The  treatment  is  removal  of  the  cause,  rest  in  bed  with  the  h?)* 
elevated,  hot  applications  to  the  hypogastrium,  hot  hip  baths, 
liquid  diet,  alkaline  diuretics,  and,  when  needed,  opium  andbdl*' 
donna  sup{x>sitories.    Urinary  antiseptics  are  generally  enqdoy^ 
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but  probably  have  little  influence  on  the  course  of  the  disease. 
Hexamethylenamine,  because  of  its  irritating  qualities,  is  con- 
traindicated;  likewise  instrumentation,  unless  there  is  retention  of 
urine. 

Chronic  cystitis  follows  the  acute  form  or  is  such  from  the  begin- 
ning. The  symptoms  are  those  of  the  acute  form,  but  much  milder  in 
degree.  The  urine  may  be  acid,  but  is  much  more  commonly 
alkaline,  ammoniacal,  fetid,  and  turbid  with  phosphates,  mucus, 
and  pus;  phosphatic  calculi  are  frequently  formed.  The  general 
health  becomes  impaired  and  there  is  constant  danger  of  septic 
pyelonephritis.  The  bladder  walls  are  thickened  and  sometimes 
sacculated.  Ulcers  may  form  and  occasionally  perforation  ensues. 
The  diagnosis  of  chronic  cystitis  should  never  be  made  without 
cystoscopic  examination,  as  the  symptoms  of  this  affection  may  be 
due  to  lesions  of  the  kidney,  especially  tuberculosis.  Further, 
cystitis  may  exist  without  subjective  symptoms,  the  only  external 
evidence  being  the  urinary  changes. 

The  treatment  is  that  of  the  cause.  The  patient  should  drink 
plenty  of  water.  The  favorite  urinary  antiseptics  (see  ''Gonor- 
rhea") are  hexamethylenamine  (gr.  lo  t.d.)  and  sandalwood  oil 
(10  minims  t.d.);  as  the  former  yields  formalin  only  in  acid  urine 
it  should,  if  the  urine  is  alkaline,  be  combined  with  acid  sodium 
phosphate,  gr.  lo  t.d.,  unless  the  phosphate  produces  diarrhea.  The 
bladder  may  be  irrigated  daily  with  boric  acid  solution  (gr.  15  to 
the  ounce),  silver  nitrate  (i  to  10,000),  or,  with  one  of  the  other 
silver  salts.  When  the  cause  cannot  be  ascertained  and  no  improve- 
ment follows  treatment  like  the  foregoing,  the  bladder  may  be 
opened  suprapubicly,  explored  and  drained. 

Pericystitis^  or  inflammation  of  the  perivesical  cellular  tissue, 
may  be  due  to  affections  of  the  bladder,  prostate,  rectum,  uterus, 
Fallopian  tubes,  pelvic  bones,  and  less  frequently  to  extension 
from  distant  parts,  e.g.,  the  appendix  vermiformis,  dorsal  or  lumbar 
vertebrae.  The  inflammation  may  terminate  in  resolution,  the 
formation  of  adhesions,  or,  most  frequently,  in  suppuration,  the 
abscess  discharging  into  the  bladder,  the  bowel,  or  externally. 
The  symptoms  are  those  of  the  causa tivje  lesion,  with  irritability  of 
the  bladder  and  sepsis.  Induration  can  be  detected  by  external, 
vaginal,  or  rectal  palpation.  The  treatment  is  that  of  the  cause, 
with,  if  suppuration  occurs,  drainage  of  the  abscess,  either  above 
the  pubes  or  through  the  perineimi. 

Diverticula  of  the  bladder  may  be  single  or  multiple,  and  com- 
posed of  mucosa  alone  or  of  the  mucous  and  the  muscular  coats. 
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In  the  so-called  double,  or  hour-glass  bladder,  the  diverticulum  b 
as  large  as  or  larger  than  the  bladder  itself.     The  favorite  sex  far 
diverticula  is  the  male,  the  favorite  location  the  base  of  the  bladder 
near  the  ureteral  orifices,  more  often  the  left.     In  one  case  we 
found  a  diverticulum  filled  with  small  calculi  in  the  sac  of  a  direct 
inguinal  hernia.     Diverticula  are  congenital  or   acquired,  in  the 
latter  instance  often  due  to  or  associated  with  obstruction  to  the 
outflow  of  the  urine,  particularly  from  prostatic  hypertrophy.    The 
pouch  may  contain  stones,  and  is  often  inflamed,  the  inflammation 
sometimes   extending   to   the  extravesical  structures;  pericystitis. 
Pyelonephritis,  perforation,   and  carcinoma  also  are  possibilities. 
The  Symptoms  are  those  of  chronic  cystitis.     After  micturating 
the  patient  may  feel  that  the  bladder  is  not  empty,  and  then,  perhaps 
after  a  change  in  position,  void  a  quantity  of  fetid  purulent  urine. 
The  cystoscope  generally  reveals  the  pouch,  but  may  fail  to  do  so 
when  the  orifice  is  minute  or  behind  a  large  prostate;  in  these  cases 
cystograms,    taken   anteroposteriorly  and   laterally,    are  of  great 
service.    Judd  advises  looking  for  diverticula  in  all  cases  in  whidi 
the  bladder  is  drained  for  cystitis,  even  though  preliminary  in- 
vestigations for  this  condition  are  negative,  and  adds  that  one 
should  always  suspect  a  diverticulum  when  cystitis  with  residual 
urine  does  not  respond  to  ordinary  treatment  after  a  prostatectomy. 
The  treahnent  is  excision.     A  suprapubic  cystotomy  is  p)erfonned, 
and  a  finger  passed  into  the  sac,  which  is  isolated  by  paravesical 
dissection,  without,  if  pK)ssible,  opening  the  peritoneum.     The  sac  is 
then  amputated,  the  vesical  opening  closed  with  sutures,  and  the 
space  as  well  as  the  bladder  drained.     Some  operators  prefer  inverting 
the  pouch  into  the  bladder,  suturing  the  vesical  wall  at  the  point 
corresponding  to  the  orifice  of  the  diverticulum,  and  then  excising 
the  sac  from  within  the  bladder.     A  concomitant  hypertrophied  pro- 
state may  be  removed  at  the  same  time,  or  left  for  a  later  operation. 
Tuberculosis  of  the  bladder  is  rarely  primary,  but  almost  always 
secondary  to  tuberculosis  of  the  kidney,  epididymis,  seminal  vesicle, 
prostate,  or  testicle.     It  is  more  frequent  in  men  than  in  women. 
The  tubercles  break  down  and  form  ulcers.     The  symptoms  are  those 
of  chronic  cystitis,  gradually  become  more  severe  and  intractable, 
until,  in  the  later  stages,  the  bladder  is  in  a  state  of  almost  constant 
spasm,  the  capacity  being  reduced  to  two  or  three  ounces,  hence 
cystoscopic  examination  is  often  impossible.     The  urine  contains 
pus,  blood,  and  tubercle  bacilli,  and,  as  the  baciUi  do  not  decompose 
the  urine,  it  is  acid  in  reaction,  unless  there  is  mixed  infection.    The 
prognosis  is  unfavorable. 
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Thetreatilientis  attention  to  the  general  health  as  in  tuberculosis 
elsewhere,  and  local  treatment  as  in  other  forms  of  chronic  cystitis. 
The  injection  of  iodoform  emulsion  has  been  advised.  Sometimes 
removal  of  the  source  of  infection,  e.g.,  the  kidney  or  the  testicle, 
is  followed  by  amelioration  or  even  complete  recovery.  When 
these  measures  fail  the  bladder  may  be  opened  above  the  pubes 
and  drained,  and  perhaps  the  ulcers  curetted,  or  touched  with 
carbolic  acid. 

Ulcers  of  the  bladder,  apart  from  syphilis,  tuberculosis,  and 
neoplasms,  may  be  due  to  injury,  burning  with  the  cystoscope,  or 
cystitis.  A  solitary  ulcer,  usually  situated  at  the  base  of  the  bladder, 
sometimes  occurs  in  anemic  women.  It  occasionally  perforates, 
and  has  been  compared  to  a  peptic  ulcer.  The  symptoms  of  ulcer 
of  the  bladder  are  those  of  chronic  cystitis,  the  diagnosis  being 
made  by  the  cystoscope.  The  treatment  is  that  of  chronic  cystitis. 
Ulcers  have  been  curetted  and  local  applications  made  through  an 
operating  cystoscope.  In  progressing  cases  the  bladder  should  be 
opened,  the  ulcers  curetted  and  cauterized,  and  drainage  established ; 
jjerforation  is  treated  in  the  same  way  as  rupture  of  the  bladder. 

Tumors  of  the  bladder  are  uncommon,  and  are  more  often 
encountered  in  men  than  in  women.  The  most  frequent  variety 
is  papilloma;  it  has  projecting  fimbriae,  and  is  apt  to  undergo  carcino- 
matous degeneration.  Carcinoma  also  is  comparatively  frequent, 
and  those  who  work  in  anilin  factorie?  seem  to  have  a  special  pre- 
disposition to  this  lojm  of  growth.  Sarcoma,  angioma,  myoma, 
and  fibroma  are  very  rare.  The  base  of  the  bladder  is  the  portion 
usually  attacked.  The  symptoms  in  the  beginning  are  often  slight. 
Attacks  of  profuse  painless  hematuria,  most  marked  at  the  end  of 
micturition,  are  of  great  significance.  Later  cystitis  arises.  Oc- 
casionally a  portion  of  the  tumor  is  passed  with  the  urine.  Sudden 
interruption  of  the  urinary  stream  may  occur  from  transient 
blocking  of  the  internal  meatus,  hydronephrosis  from  obstruction 
to  the  ureter.  Unilateral  pain,  sometimes  reflected  to  the  hip,  loin, 
or  down  the  thigh  usually  means  that  the  growth  has  extended 
beyond  the  bladder.  The  diagnosis  is  made  with  the  cystoscoi>e, 
the  use  of  which  may  be  diflTicult  on  account  of  hemorrhage.  Large 
tumors  may  be  palpated  by  bimanual  examination,  between  the 
hand  above  the  pubes  and  a  finger  in  the  rectum.  Malignant 
growths  may  often  be  felt  with  the  sound,  j)articularly  if  incru- 
stated  with  phosphatic  deposit.s.  The  i)rognosis  is  bad.  e\'en 
benign  growths,  if  unmolested,  may  be  fatal  from  bleeding. 

The  treatment  of  benign  tumors  by  fulguration  is  recommended 
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by  some  surgeons,  the  spark  being  applied  by  means  bf  an  insulated 
wire  introduced  through  the  cystoscope.  Recurrence  and  canal- 
ization are  frequent  after  fulguration.  In  most  tumors  of  the 
bladder,  however,  the  best  procedure  is  suprapubic  cystotomy. 
If  the  growth  is  pedunculated,  it  may  be  removed  with  the  curette 
and  the  base  cauterized.  If  it  is  malignant  and  of  small  size,  a 
portion  of  the  bladder  wall  should  be  removed  and  the  woiuid  sutured. 
Partial  cystectomy  may  be  done,  as  suggested  by  Harrington, 
through  the  peritoneal  cavity.  Removal  of  the  entire  bladder, 
with  implantation  of  the  ureters  into  the  vagina  or  rectum,  has  been 
successfully  accomplished.  If  the  growth  is  found  to  be  inoperabk, 
suprapubic  drainage  may  be  established  or  bilateral  nephrostomy 
or  ureterostomy  performed. 

The  X-rays  or  radiima  also  may  be  used  for  palliative  purposes. 

Foreign  bodies  usually  gain  entrance  to  the  bladder  through  the 
urethra,  being  introduced  by  the  patient,  or  resulting  from  the  break- 
ing of  instnunents,  but  they  may  find  their  way  into  the  viscus  also 
through  ulceration  or  injury  of  its  walls.  The  symptoms  are  those  of 
cystitis.  If  allowed  to  remain,  the  foreign  body  is  apt  to  become 
the  nucleus  of  a  calculus.  The  diagnosis  may  be  made  by  means  of 
sound,  the  cystoscope,  the  X-ray,  and  occasionally  by  bimanual 
examination.  Foreign  bodies  should  be  removed  with  forcqps 
through  the  cystoscope,  with  the  lithotrite,  with  the  finger  or  forceps 
after  dilatation  of  the  urethra  (in  the  female),  or  by  supra-pubic 
cystotomy. 

Vesical  calculus,  or  stone  in  the  bladder,  is  composed  of  the  same 
materials  and  due  to  the  same  causes  as  renal  calculus  (q.v.),  in  fact 
most  vesical  stones  have  descended  from  the  kidney  and  then  in- 
creased in  size.  Those  originating  in  the  bladder  usually  consist 
of  phosphates,  precipitated  as  the  result  of  alkaline  decomposition 
of  the  urine  consequent  upon  chronic  cystitis,  hence  renal  stones 
lodging  in  the  bladder  and  foreign  bodies  from  other  sources  gener- 
ally have  a  phosphatic  coating.  Vesical  calculi  vary  greatly  in  size, 
but  are  usually  single,  spherical,  ovoid,  or  disc-like  in  shape,  although 
there  may  be  a  groove  corresponding  to  the  inter-ureteral  bar  or, 
when  the  stone  is  partly  in  the  urethra,  a  constriction  resembling 
that  of  an  hour-glass.  An  elongated  concretion  is,  as  a  rule,  the 
result  of  a  foreign  body,  e.g.,  a  hair-pin,  a  pencil,  a  fragment  of  a 
catheter.  Multiple  stones  are  often  faceted  from  mutual  pressure 
Stone  is  common  in  young  boys  because  of  the  small  caliber  of  the 
urethra,  and  in  old  men  because  of  the  frequency  of  residual  urine 
and  cystitis.     Women  are  comparatively  free  from  the  aJBTectiooi,  U 
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the  urethra  is  short  and  of  large  caliber,  thus  permitting  the  ready 
passage  of  small  stones. 

The  S]rmptoms  are  pain,  which  is  worse  just  after  urination,  when 
the  stone  is  forced  down  upon  the  sensitive  tiigone,  and  which  may 
be  referred  to  the  perineum,  back,  down  the  thighs,  and  especially 
to  the  glans  penis;  frequent  micturition;  often  hematuria,  particu- 
larly at  the  end  of  micturition;  sometimes  sudden  transient  cessa- 
tion of  the  flow  of  urine,  caused  by  the  stone  falling  against  the  inter- 
nal meatus;  and  possibly  retention  or  incontinence  of  urine,  reten- 
tion from  impaction  of  the  stone  in  the  urethra,  incontinence  from 
propping  open  of  the  internal  meatus  or,  especially  in  children,  from 
extreme  irritability  of  the  bladder.  The  first  three  symptoms 
are  intensified  by  exercise  or  jolting,  and  vary  in  degree  according 
to  the  size  and  shape  of  the  stone  and  the  sensitiveness  of  the  mucous 
membrane.  Occasionally  the  history  of  "gravel"  or  of  renal  colic 
may  be  obtained.  Cystitis  may  either  precede  or  follow  stone  for- 
mation. Hernia,  hemorrhoids,  or  prolapse  of  the  rectum  may  be 
induced  by  straining,  and  priapism  is  sometimes  observed.  In 
children  incontinence  or  constant  pulling  at  the  foreskin  should 


Pig.  477. — Stone  sound. 


always  suggest  calculus.  The  diagnosis  is  made  by  soimding,  by 
the  cystoscope,  and  by  the  X-ray,  and  occasionally  a^  stone  may  be 
felt  through  the  vagina  or  the  rectum.  The  sound  (Fig.  477)  is 
introduced,  as  described  under  "Stricture  of  the  Urethra,"  with  the 
I>atient  in  the  recumbent  posture,  the  bladder  being  partly  filled 
with  urine  or  boric  solution.  The  handle  should  be  marked  on  the 
side  towards  which  the  beak  of  the  instrument  projects.  The 
instniment  is  drawn  backwards  and  forwards,  rotated  to  each  side, 
and  finally  turned  downwards,  thus  exploring  the  whole  bladder. 
The  stone  is  detected  by  a  click,  which  may  be  felt  and  sometimes 
heard.  The  sound  may  fail  to  discover  a  stone  which  is  encysted 
in  the  bladder  wall,  lies  behind  a  large  prostate,  or  is  coated  with 
mucus.  The  size  of  the  stone  can  be  measured  with  a  lithotrite.  A 
small  stone  which  eludes  the  sound  may  be  discovered  by  using  a 
Bigelow  evacuator;  the  suction  causes  the  stone  to  strike  against 
the  end  of  the  instrument.  As  vesical  and  renal  stones  coexist  so 
frequently,  the  examination  should  not  be  regarded  as  complete 
until  both  kidneys  and  both  ureters  have  been  investigated. 
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The  treatment  is  removal  of  the  stone  by  litholapaxj*,  or  by 
suprapubic  lithotomy, 

Litholapazy,  or  crushing  of  the  stone  and  remova]  of  the  hf- 
ments  is  to  be  chosen"  in  all  cases  in  which  the  following  cootn- 
indications  are  not  present:  Obstructions  to  the  passage  of  tht 
instrument  (e.g.,  stricture  and  enlarged  prostate),  severe  cystitis, 
sacculated  bladder,  greatly  contracted  bladder  (holding  less  than 
four  ounces),  great  irritability  of  the  urethra  (as  shown  by  dulls 


JJ 


Pig.  478. — Thompson's  modification  of  Civiale's  lithotrite, 

after  instrumentation),  and  large  (above  two  inches  in  diaraetffi. 
very  hard,  or  encysted  calculus.  Recurrence  is  more  frequeni 
after  this  operation  than  after  lithotomy,  the  nucleus  of  the  new 
stone  being  formed  by  a  fragment  which  has  been  left  behind- 
The  mortality  is  between  5  and  4  per  cent,  in  the  hands  0! 
the  most  skilled.  The  patient  is  anesthetized,  placed  on  the  back 
with  the  thighs  separated,  and  the  bladder  irrigated  with  boric 
solution,  six  ounces  of  which  should  be  allowed  to  remain  in  the 
viscus.  The  lithotrite  (Fig.  4jKl 
is  introduced,  and  the  stone  cau^t 
and  crushed  between  the  blades, 
which  are  pressed  together  by 
screwing  the  handle.  The  lai^ 
fragments  are  crushed  in  the  same 
manner.  The  crushing  is  alwaw 
done  in  the  middle  of  the  bladder, 
with  the  blades  up,  in  order  to 
avoid  injury  to  the  bladder  wall. 
The  evacuator  (Fig.  479)  is  next  introduced,  and  the  debris  ^^ 
moved  by  alternate  pressure  and  relaxation  of  the  rubber  bulb,  the 
fragments  falling  into  the  glass  receptacle  attached  to  the  apparatus. 
If  fragments  remain  which  are  too  large  to  pass,  the  lithotrite  must 
be  reintroduced.  Severe  bleeding  may  be  checked  by  the  intro- 
duction of  adrenalin  solution  i  to  10,000,  If  the  blades  lock,  it  may 
become  necessary  to  open  the  bladder  through  the  perineum  or  above 
the  pubes.  At  the  completion  of  the  operation  the  bladdra  should 
be  inspected  with  the  cystoscope,  to  make  sure  that  all  fragmenb 
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been  removed.  The  after  treatment  consists  in  rest,  warmth, 
ty  of  fluid,  and  uiinary  antiseptics.  Morphin  may  be  given 
)ain,  qiunin  for  chills,  irrigations  for  cystitis. 
Suprapubic  cystotomy,  when  performed  for  the  removal  of  stones, 
Ued  suprapubic  lithotomy,  and  is  the  operation  of  choice  when 
lapaxy  is  contraindicated,  or  when  the  surgeon  lacks  the  neces-  * 
instruments  of  skill.  The  patient  is  prepared  as  for  any  abdo- 
1  operation,  including  shaving  the  pubes.  The  capacity  of  the 
ier   should    have   been   previously   tested,   and   at   the   time 


Pig.  480. — Stone  forceps. 

>eration  the  bladder  should  be  irrigated  and  filled  with  boric 
solution,  or,  as  some  surgeons  prefer,  filled  with  air.  A  catheter 
;d  about  the  penis,  in  order  to  prevent  the  escape  of  fluid,  and 
patient  placed  in  the  Trendelenburg  position.  These  maneuvers 
ace  the  vesical  fold  of  the  peritoneum  upwards,  and  thus  per- 
^xtraperitoneal  exposure  of  the  bladder.  The  bladder  may  be 
ed  upwards  against  the  belly  wall  by  introducing  a  rubber 
into  the  rectum  and  distending  it  with  air  or  water,  but  this  is 
cessary  and  sometimes  dangerous.     In  our  own  work  vesical 


Pig.  481. — Stone  scoop. 

ntion  and  tjie  rectal  bag  are  omitted.  A  three  inch  incision 
ide  in  the  median  line  from  the  symphysis  pubis  upwards,  the 
^sical  fat  separated,  and  the  bladder  recognized  by  its  longi- 
lal  muscular  fibers  and  its  gloublar  form.  Two  sutures  are 
;d  through  the  bladder  wall  to  act  as  tractors  and  a  longitudinal 
on  made  between  them.  Stones  may  be  removed  with  the 
r,  forceps  (Fig.  480),  or  scoop  (Fig.  481),  or  if  the  bladder  has 
of)ened  for  other  reasons,  the  lesions  should  be  dealt  with  as 
ibed  elsewhere.  A  self  retaining  retractor  and  a  head  light  are 
»at  service  when  one  wants  to  inspect  the  interior  of  the  viscus, 
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e.g.,  in  the  removal  of  a  tumor.  If  the  bladder  is  not  infected, 
the  wound  may  be  closed  by  two  layers  of  Lambert's  sutures  d 
catgut,  the  incision  in  the  soft  parts  approximated,  leaving  space  fori 
catheter  passed  into  the  bladder  through  the  urethra.  If  the  bladder 
is  infected,  the  wound  in  its  wall  may  be  sewed  to  the  fascia,  or  it  may 
be  closed  with  catgut  sutures  which  invert  it  about  a  rubber  tube, 
several  of  the  sutures  passing  through  the  tube,  which  should  be 
long  enough  to  syphon  the  urine  to  a  receptacle  beneath  the  bed 
The  surgeon  must  not  forget  to  remove  the  tube  encircling  the  penis, 
else  strangulation  and  gangrene  may  follow. 

Perineal  cystotomy  (/^mneo/ ^edfow)  is  sometimes  performed  for 
drainage  and  prostatic  enlargement,  rarely  for  exploration,  the  re- 
moval of  growths  or  the  extraction  of  calculi;  in  the  last  instance 
it  is  called  perineal  lithotomy,  median  or  lateral,  according  to  the 
position  of  the  incision.  The  perineum  is  shaved  and  disinfected 
and  the  patient  placed  in  the  lithotomy  positiofi,  i.e.,  on  the  back 

with  the  pelvis  raised  and  the  thighs 
flexed  on  the  abdomen.  The  bladder 
is  irrigated  and  left  partly  distended 
with  the  solution.  In  median  liihoUmy 
a  staff  with  a  median  groove  on  its 
convex  side  is  passed  into  the  bladder, 
and  a  median  incision  made  from  just 

Fig.  482.-Watson's  perineal  tube,    behind  the  scrotum  to  within  one  indi 

of  the  anus.  The  membranous 
urethra  is  opened  on  the  staff,  and  the  finger  passed  into  the  bladder 
by  dilating  the  prostatic  urethra.  If  more  room  is  required  the 
prostate  may  be  incised  in  the  middle  line  posteriorly.  A  calculus 
may  be  removed  with  forceps  or  scoop,  or  if  too  large  to  be  with- 
drawn whole,  it  may  first  be  fragmented  with  the  lithotrite.  A 
drainage  tube  is  then  introduced  into  the  bladder  through  the  wound. 
If  a  rubber  tube  is  employed  it  should  be  sutured  to  the  skin;  the 
special  metal  perineal  tube  shown  in  Fig.  482  is  fastened  in  place  by 
tapes.  Ordinarily  the  drainage  tube  may  be  removed  in  forty- 
eight  hours.  The  wound  is  covered  with  dressings,  held  in  place 
by  a  T-bandage.  Lateral  liiJwtomy  is  rarely  performed  at  the  present 
time,  having  been  displaced  by  the  operations  previously  desaibed. 
A  stafT  with  a  groove  on  the  left  side  is  introduced  into  the  bladder. 
The  incision  begins  one  and  one-half  inches  above  the  anus,  just  to  the 
left  of  the  middle  line,  and  extends  downwards  and  outwards  to  a 
point  just  outside  of  the  middle  of  a  line  from  the  anus  to  the  taber 
ischii.     The  knife  enters  the  groove  on  the  staff  in  front  of  the  pros- 
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ite  and  severs  the  left  lobe  of  that  organ.    The  rest  of  the  operation 
»  much  the  same  as  median  lithotomy. 

Calculus  in  the  female  is  rare,  and  is  usually  due  to  phosphatic 
eposits  on  a  foreign  body,  often  introduced  by  the  patient.  If 
mall  it  may  be  removed  by  the  finger  or  forceps,  after  dilating  the 
rethra.  K  this  is  injudicious,  litholapaxy  should  be  performed. 
'cry  large  stones  may  be  removed  by  suprapubic  cystotomy.  Vagi- 
al  cystotomy  is  inadvisable  because  of  the  danger  of  vesicovaginal 
stula. 
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CHAPTER  XXX 

GENITAL  ORGANS 

URETHRA  AND  PENIS 

Congenital  Malformations. — Narrow  meatus  rarely  causes  ' 
sjinptoms  and,  asa  rule,  is  brought  to  the  surgeon'sattcntion  only  when 
it  is  desirable  to  introduce  instruments  for  other  reasons.  IMien 
necessary  the  meatus  may  be  enlarged  by  cutting  downwards  »-iiha 
blunt  pointed  bistoury  {mealolomy),  the  parts  being  separated  each 
day  by  a  probe  in  order  to  prevent  union.     Congenital  strictuie  may 


occur  at  the  outer  end  of  the  fossa  navicularis  and  in  the  membranous 
urethra.  Occlusion  of  the  urethra  may  be  due  to  a  septum,  which 
should  be  i»erforutc(l.  The  urethra  may  be  absent,  leading  to 
early  ileath  unless  there  is  a  congenital  urinary  fistula  at  the  umbili- 
cus or  into  the  rectum  or  perineum.  Epispadias  (Fig.  483)  is  a 
congenital  deformity  in  which  the  urethra  opens  on  the  dorsum  of  the 
penis.  C'omplete  epispadias,  i.e.,  when  the  whole  urethra  is  exposed 
on  the  dorsum  of  the  penis,  is  always  associated  with  extroversion  oi 
the  bladder.  The  worst  feature  of  the  severer  cases  is  incontineoce 
of  urine.     In  Thiersch's  operatitm  the  balanic  and  penile  urethne  are 
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£rst  constructed  by  lateral  flaps  (Fig.  485),  and  at  a  later  period,  the 
rieiect  at  the  foot  of  the  penis  and  that  at  the  corona  are  closed  as 
as  shown  in  Fig.  486.    Hypospadias,  a  congenital  condition  in  which 
the  floor  of  the  urethra  is  defective,  is  much  more  common.     There 
are  three  tjpes:  In  the  balantic,  the  urethra  opens  just  behind  the 
glans;  in  the  penile,  on  the  under  surface  of  the  penis;  in  the  perineal 
in  the  perineum,  the  scrotum  being  cleft,  and  the  penis  rudimentary. 
In  the  last  form  the  testicles  may  remain  within  the  abdomen  and  the 
child  be  mistaken  for  a  female.     Hjpospadias  does  not  cause  incon- 
tinence of  urine.     When  the  opening  is  a  short  distance  behind  the 
glans,  the  urethra  may  be  freed  from  its  surroundings  and  drawn 


Pic.  485.  Fig.  486. 

PIG8. 485  and  486. — Thiersch's  operation,  a.  ( Fiy.  485),  Incision  in  prepuce  throuRh 
which  glsLOs  is  thrust  (Fig.  486),  so  that  prepuce  may  l>e  used  as  flap  to_ close  defect 
between  the  balanic  and  penile  urethra;.     (Esmarch  and  Kowalzig.) 

through  a  f>erforation  in  the  glans,  where  it  is  sutured  (Beck's  oj)cra- 
tion).  In  other  cases  the  defect  may  be  remedied  by  an  operation 
similar  to  that  of  Thiersch  for  epispadias.  Free  venous  transplanta- 
tion for  hj-pospadias  is  a  failure.  More  promisin*^  is  the  sujijj^e^lion 
of  Cantas.  After  diverting  the  urine  through  a  suj^rapubic  or 
perineal  fistula,  a  sufficient  length  of  the  internal  saphenous  vein  with 
the  overlying  skin  in  dissected  from  the  thigh,  remaining  attached, 
however,  at  its  upper  end.  The  lower  end  of  the  liberated  vein  is 
sutured  to  the  urethral  meatus,  and  at  a  later  i)eri<»d  the  pedicle 
of  the  flap  is  severed,  and  the  skin  sutured  to  the  inferior  surface  of 
the  i>enis.  The  fibrous  bands  which  curve  the  penis  downwards 
should  be  divided  previous  to  any  operation  for  hypospadias. 
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Rupture  bi  the  urethra  usually  takes  place  at  the  bulb,  as  the 
result  of  falling  astride  of  some  hard  object.  The  membranous 
urethra  may  be  torn  in  fracture  of  the  pelvis,  the  penile  urethra  in 
fracture  of  the  penis  during  erection.  The  urethra  may  give  way 
way  also  behind  a  stricture,  as  the  result  of  ulceration  or  straining. 
The  rui)ture  may  be  complete  or  partial.  The  Sjrmptomsare  shock, 
pain,  tenderness,  bleeding  from  the  urethra,  inability  to  urinate,  and 
swelling  caused  by  blood  and  urine.  At  a  later  period  the  phenomena 
of  septicemia  ensue,  owing  to  the  gangrenous  cellulitis  induced  by  the 
extravasated  urine.  Extravasation  of  urine  is  influenced  by  the  situa- 
tion of  the  rupture.  When  the  rupture  is  above  the  upper  layer  of 
the  triangular  ligament,  the  urine  extravasates  as  in  extraperitoneal 
rupture  of  the  bladder;  when  between  the  tw^o  layers,  the  urine 
remains  localized  and  causes  an  abscess;  w^hen  below  the  lower  layer, 
the  usual  situation,  the  urine  distends  the  scrotum,  penis,  and  ab- 
dominal wall,  but  does  not  pass  backwards,  owing  to  the  attachment 
of  the  fascia  of  CoUes.  The  condition  is  to  be  distinguished  from 
contusion,  in  which  extravasation  does  not  occur,  and  in  which 
urination  is  usually  possible.  In  severe  lacerations  a  catheter  cannot 
be  introduced. 

'J'he  treatment,  in  early  cases,  is  exposure  and  suture  of  the  torn 
urethra,  a  retention  catheter  being  passed  into  the  bladder  through 
the  urethra.     The  perineal  urethra  is  exposed  by  an  incision  identical 
with  that  for  median  lithotomy.     If  the  posterior  urethral  segment 
cannot  be  found,  the  bladder  should  be  opened  above  the  pubesand 
retrograde    catheterization    performed.     The    wound     should    be 
drained  with  gauze;  additional  incisions  will  be  necessar>'  for  drainage 
if   the  urine  has  infiltrated   the  surrounding  tissues.     Traumatic 
stricture,  which  is  almost  inevitable  after  this  injury,  should  be 
anticipated  by  the  passage  of  sounds  every  second  day  after  the 
retention  catheter  has  been  removed,  i.e.,  at  the  end  of  lodays.    In 
late  cases,  which  are  always  septic,  the  bladder  should  be  drained  as 
after  perineal  lithotomy,  free  incisions  being  made  into  the  gan- 
grenous j)erineum  and  scrotum.     If  the  patient  survive,  repair  of  the 
urethra  may  be  attemi)ted  after  the  sepsis  has  disappeared.    Con- 
lusions  of  the  urethra  are  treated  by  external  applications  of  cold, 
rest  in  bed,  and  urinary  antiseptics.     The  catheter  should  not  be 
used  unless  there  is  retention  of  urine. 

Foreign  bodies,  such  as  a  portion  of  a  catheter  or  pencU,  when 
lodged  in  the  urethra,  partly  or  completely  obstruct  the  limien,  and 
may  cause  ulceration,  periurethral  abscess,  and  extravasation  of 
urine.     'J'hey  may  be  detected  by  the  sound,  the  urethroscope,  the 
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-ray,  and  sometimes  by  external  palpation.     Removal  is  effected 

T>y  forceps  when  the  foreign  body  is  in  the  penile  urethra,  or,  when 

this  is  not  possible,  by  external  incision.    In  the  latter  instance  the 

urethral  wound  should  be  sutured.    A  pin  which  has  been  pushed 

^  into  the  urethra  head-first,  may  be  removed  by  forcing  the  point 

■*  through  the  floor  of  the  urethra,  reversing  the  direction  of  the  pin, 

and  pushing  it  out  through  the  meatus.    An  impacted  calculus  is  often 

expelled  after  the  spasm  to  which  it  gives  rise  has  been  allayed  by  a 

hot  bath  and  an  opium  and  belladonna  suppository.     If  it  cannot  be 

expelled  it  should  be  treated  as  a  foreign  body. 

Urethritis  may  be  simple  or  specific.  Simple  urethritis  may  be 
due  to  any  of  the  pyogenic  bacteria,  except  the  gonococcus.  It  may 
be  induced  by  injury,  e.g.,  contusions,  wounds,  foreign  bodies,  rough 
instrumentation,  and  caustic  injections;  certain  substances  taken 
into  the  stomach,  e.g.,  alcohol  in  excess,  cantharides,  turpentine,  and 
potassium  iodid;  gout  or  rheumatism;  certain  skin  diseases,  e.g., 
herpes  and  eczema;  urethral  chancre  or  chancroid;  highly  acid  urine; 
contact  with  lochial,  leukorrheal,  or  menstrual  fluid;  infectious 
diseases;  tuberculous  ulceration;  masturbation;  sexual  excess;  and 
polypi.  The  symptoms  are  the  same  as  those  of  gonorrhea,  but 
usually  milder.  The  treatment  is  removal  of  the  cause,  diuretics, 
urinary  antiseptics,  and  in  some  cases  mild  astringent  injections. 

Specific  urethritis,  gonorrhea,  or  clap,  is  inflammation  of  the 
urethra  caused  by  the  gonococcus.  The  gonococcus  is  a  diplococcus 
looking  somewhat  like  a  coffee  bean,  and  occurring  both  within  and 
without  the  leukocytes  and  epithelial  cells.  It  may  be  stained  with 
methyl  or  gentian  violet,  and  does  not  take  the  Gram  stain,  a  point 
to  be  remembered  in  differentiating  it  from  pseudogonococci.  In 
doubtful  cases  cultural  methods  may  be  necessary  to  establish  a 
diagnosis.  The  complement  fixation  test  for  gonorrhea,  although  too 
recent  to  be  given  a  fixed  status,  is  becoming  more  important, 
especially  in  the  diagnosis  of  systemic  infection.  A  negative  reac- 
tion, however,  does  not  exclude  the  disease.  Gonorrhea  is  acquired 
by  direct  contract,  but  no  breach  of  the  mucous  surface  is  necessary. 
The  organism  enters  the  epithelial  cells  and  occasionally  the  sub- 
epithelial tissues,  causing  a  purulent  inflammation. 

The  S]rniptoms  begin  after  a  period  of  incubation  varying  from 
one  to  fourteen  days.  At  first  there  is  itching  and  burning  in  the 
fossa  navicularis,  with  gluing  together  of  the  lips  of  the  meatus. 
During  the  acute  stage  the  meatus  is  red  and  swollen,  the  discharge 
thick  and  yellow.  There  is  burning  pain  on  micturition  {ardor 
urifiit).  which  may  pass  to  the  groin  or  perineum.     The  urinary 
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stream  may  be  forked,  owing  to  the  swelling  of  the  mucous  mem- 
brane, but  retention  is  uncommon.  Owing  to  the  infiltration  of  the 
corpus  spongiosum,  erection  may  be  exceedingly  painful  and  the 
penis  markedly  curved  (chordee).  After  from  two  to  six  weeks  in  a 
favorable  case  the  discharge  becomes  serous  and  finally  disappears. 
In  the  female  the  vulva  and  vagina  as  w^ell  as  the  urethra  are  in- 
volved, but  the  symptoms  are  usually  less  acute  than  in  the  male. 
Gonorrhea  varies  in  duration  and  intensity;  thus  the  discharge  may 
persist  but  a  week  or  ten  days  (abortive  gonorrhea)  ^  or  the  manifesta- 
tions may  be  comparatively  mild  {subacute  gofwrrhea),  particularly 
in  those  who  have  had  previous  attacks.  In  a  certain  proportion  of 
cases  the  inflammation  extends  backwards  and  involves  the  mem- 
branous and  prostatic  portions  of  the  urethra  (posterior  ureJhritis), 
whence  it  may  spread  to  the  bladder,  prostate,  seminal  vesicles,  or 
testicles.  Posterior  urethritis  is  usually  announced  by  frequent  and 
painful  micturition  and  often  by  perineal  pain.  If  the  patient 
urinates  into  two  glasses,  the  first,  holding  about  two  ounces,  will 
contain  the  washings  of  the  entire  urethra,  while  the  second,  if 
turbid  with  pus,  will  indicate  posterior  urethritis,  the  pus  from  whidi 
flows  back  into  the  bladder.  Another  test  is  to  wash  out  the  anterior 
urethra  with  a  catheter,  after  which  purulent  urine  would  point  to 
posterior  urethritis. 

Chronic  gonorrhea  may  involve  the  anterior,  the  posterior,  or  the 
whole  urethra.  In  the  first  and  last  instances  the  most  important 
symptom  is  gleet y  i.e.,  a  slight  mucopurulent  discharge,  w^hich  maybe 
observed  only  in  the  morning.  If  posterior  urethritis  alone  exists, 
there  may  be  no  discharge,  but  pus  or  threads  (TripperfUden)  will  be 
found  in  the  urine.  Chronic  anterior  urethritis  is  usually  per- 
petuated by  a  stricture,  a  suppurating  follicle,  or  a  spot  of  ulceration; 
posterior  urethritis  by  infection  of  the  prostatic  ducts. 

The  complications  of  gonorrhea  are  due  to:  (i)  extension  bycm- 
tinuity — balano-posthitis,  phimosis,  paraphimosis,  folliculitis,  peri- 
urethral abscess,  Cowperitis,  prostatitis,  vesiculitis,  epidid>TnitLs 
cystitis,  i)yelonephritis  (rare),  abscess  of  Bartholin's  glands,  endo- 
metritis, salpingitis,  ovaritis,  pelvic  peritonitis;  (2)  extension  by 
contiguity^  cellulitis  (rare);  (3)  extension  by  the  lymphatics— lym- 
phangitis,  buboes;  (4)  transmission  oj  the  injection — proctitis,  rhinitis. 
conjunctivitis  (gonorrheal  ophthalmia),  stomatitis;  (5)  exien^ 
by  the  blood — arthritis  (gonorrheal  rheumatism),  gonorrheal  sclerotitis 
or  iritis  (independent  of  gonorrheal  ophthalmia),  and  inflammatioa 
of  the  tendon  sheaths,  muscles,  pleura,  pericardium,  endocardium. 
blood  vessels,  and  it  is  said  even  of  the  meninges^  nerves,  or  ^inalcoid. 
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Prophylaxis  includes  the  use  of  the  condom  during  sexual  inter- 
course. In  the  Navy  irrigations  of  the  anterior  urethra  with  potas- 
sium permanganate  have  been  employed,  also  the  "sanitary  tube," 
which  contains  an  ointment  consisting  of  calomel,  50  grams,  liquid 
vaselin,  80  cc,  and  lanolin,  70  grams.  The  nozzle  of  the  tube  is 
applied  to  the  meatus,  and  a  portion  of  the  ointment  forced  into  the 
urethra  by  compressing  the  tube,  which  is  collapsible.  The  remain- 
ing portion  of  the  ointment  is  rubbed  on  the  outside  of  the  penis 
(Henry).  "The  regulations  of  the  Surgeon  General  of  the  Army 
require  a  preliminary  washing  of  the  genitals  with  soap  and  water, 
and  the  injection  into  the  urethra  of  2  per  cent,  protargol  or  20  per 
cent,  argyrol,  which  must  be  retained  for  three  minutes,  and  the 
rubbing  of  calomel  ointment  (30  per  cent,  in  benzoated  lard)  into  the 
surface  of  the  entire  penis"  (G.  G.  Smith).  These  antiseptic  meth- 
ods are  of  the  greatest  value  during  the  first  few  hours  after  inter- 
course. 

The  treatment  of  acute  gonorrhea  is  greatly  facilitated  by  keeping 
the  patient  as  quiet  as  possible,  and  in  severe  cases  by  rest  in  bed. 
The  bowels  should  move  regularly  and  large  quantities  of  water  be 
taken.  The  diet  should  be  plain  and  unstimulating,  alcohol,  coffee, 
tea,  and  condiments  being  especially  interdicted.  The  patient 
should  wear  a  suspensory,  and  some  form  of  gonorrhea  bag  to  catch 
the  discharge;  a  piece  of  cotton  held  in  place  by  pulling  down  the 
foreskin  over  it,  is  useful  for  the  latter  purpose.  Sexual  excitement 
of  all  forms  must  be  prohibited,  and  the  penis  cleansed  twice  a  day  by 
soaking  in  warm  salt  solution.  A  hot  hip  bath  once  or  twice  a  day 
is  beneficial.  The  patient  should  be  warned  of  the  contagiousness 
of  the  discharge,  and  particularly  of  the  danger  of  gonorrheal  oph- 
thalmia; the  hands  should  be  kept  clean,  and  all  towels  used  by  the 
patient  kept  apart  from  those  used  by  others.  The  so-called  abortive 
treatment,  in  which  strong  antiseptic  solutions  are  injected  into  the 
urethra,  is  dangerous.  Internal  treatment  usually  consists  in  .the 
administration  of  urinary  antiseptics,  e.g.,  hexamethylenamine 
(grains  10  t.  d.),  salol  in  the  same  dose,  boric  acid  (grains  15  t.  d.), 
or  methylene  blue  (grains  2  t.  d.) ;  alkalies,  particularly  when  ardor 
urinae  is  marked,  e.g.,  carbonate  of  soda,  or  potassium  citrate  or 
acetate;  and  balsamics,  e.g.,  oleoresin  of  copaiba,  oleoresin  of  cubebs, 
and  oil  of  sandalwood,  each  of  which  may  be  given  in  from  5  to  10 
minim  doses  t.  d.  in  capsules.  The  balsamics  may  upset  the  stomach 
and  copaiba  may  cause  an  urticarial  erythema;  they  are  most  useful 
towards  the  end  of  an  attack  or  in  chronic  cases.  Bromid  of  potas- 
sium oj  lupelin,  20  to  40  grains  on  retiring,  is  the  most  effective 
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remedy  for  chord ee;  the  painful  erection  itself  may  be  relieved  with 
ice  water.    Injections  may  be  antiseptic  or  astringent;  the  former 
may  be  used  from  the  beginning,  the  latter  in  the  declining  stagei 
Any  injection  which  causes  much  pain  is  too  strong  and  must  be 
diluted  or  discarded.     The  syringe  should  be  blunt  pointed  and  hold 
about  three  or  four  drams.     The  injection  should  be  given  after  each 
urination,  and  the  fluid  held  in  the  urethra  for  three  minutes  by 
compressing  the  meatus.     Of  the  antiseptic  injections  may  be  men- 
tioned arg>Tol  (silver  vitellin)  i  to  5  per  cent.,  protargol  l^  to  i  per 
cent.,  and  potassium  permanganate  from  i  to  10,000  to  i  to  1000. 
The  following  are  astringent  injections;  zinc  sulphate,  grains  10, 
bismuth  subnitrate,  powdered  acacia,  each  i  dram,  and  water  3 
ounces;  tincture  of  catechu,  10  minims  to  the  ounce  of  water;  and 
liq.  plumbi  subacetat.  dil.     Janet's   irrigation  method  consists  in 
washing  out  the  urethra  by  means  of  a  fountain  syringe,  which  is 
connected  with  a  blunt  nozzle  to  be  applied  to  the  meatus.    Per- 
manganate of  potassium  i  to  4000  or  weaker,  is  used  at  first,  the 
reservoir  being  two  feet  above  the  penis,  and  the  irrigationsgiven 
twice  a  day.     To  avoid  the  danger  of  forcing  infection  from  the  an- 
terior to  the  posterior,  the  membranous  urethra  or  bladder,  pressure 
should  be  made  upon  the  urethra  at  the  triangular  ligament  during 
the  injection;  sitting  upon  the  edge  of  a  chair  with  a  folded  towel 
pressing  upon  the  perineum  is  the  method  usually  employed.    Later 
the    strength    of    the    solution   is   increased,  and   the   irrigations 
given    once    a    day.     The    posterior   urethra   may    be    irrigated 
by  raising  the  reservoir  to  the  height  of  five  feet,  the  flxiid  entering 
the  bladder,  which,  when  full,  is  emptied  by  urination.     When  the 
acute  symptoms  subside  the  irrigations  are  abandoned  and  astringent 
injections  employed.    The  method  is  highly  reconmiended  by  some 
and  condemned  by  others,  who  believe  that  it  increases  the  danger  of 
complications.     Gonorrhea  in  the  female  is  treated  on  the  same 
principles  as  in  the  male  (see  vulvitis,  vaginitis,  etc.).     Gonorrhea 
is  cured  when  there  are  no  clinical  evidences  of  the  disease  for  two 
weeks,  and  when  gonococci  cannot  be  found  in  the  mucus  expressed 
from  the  prostate,  the  seminal  vesicles,  and  the  urethra. 

The  treatment  of  chronic  gonorrhea  involves  a  careful  examina- 
tion to  determine  the  cause  of  the  persistence  of  the  discharge.  Any 
constitutional  malady,  particularly  gout  or  rheumatism,  should 
receive  appropriate  treatment.  Localized  patches  of  inflammation 
will  prove  to  be  very  sensitive  on  the  introduction  of  a  bulbous 
bougie,  which  wUl  detect  also  any  narrowing  of  the  urethra,  and  will 
give  some  information  by  the  character  of  the  discharge  which  li 
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brought  out  in  front  of  the  bulb.  The  urethroscope,  which  is  a 
cylindrical  speculum  with  a  small  electric  lamp  at  the  end,  allows 
visual  inspection  of  the  entire  urethra,  the  walls  of  the  canal  proplas- 
ing  over  the  end  of  the  tube  as  it  is  withdrawn.  Many  urologists 
prefer  a  urethroscope  which  permits  dilatation  of  the  urethra  with 
air  or  water.  It  is  inserted  after  disinfecting  the  external  genitals 
and  injecting  one  fluid  dram  of  a  s  per  cent,  solution  of  novocain. 
The  prostate  and  seminal  vesicles  also  should  be  investigated. 
Localized  patches  of  inflammation  are  treated  by  the  application  of 
silver  nitrate  (^^  per  cent.),  either  through  the  urethroscope  or  by 
means  of  a  deep  urethral  syringe  (Fig.  487) ,  every  two  or  three  days. 
Irrigations  and  injections,  as  in  acute  gonorrhea,  also  are  useful. 
When  the  discharge  depends  upon  stricture,  or  some  complication 
like  prostatitis,  folliculitis,  etc.,  the  treatment  is  that  of  the  complica- 
tion. Even  in  the  absence  of  stricture,  the  passage  of  a  sound  once 
or  twice  a  week  is  beneficial,  in  that  it  is  a  form  of  massage  which 
expresses  from  the  follicles  any  retained  secretions.    Anti-gonococcal 


Pig.  487. — Keyes-Ultzman  syringe. 

serum  and  gonococcal  bacterin  have  been  employed  in  the  treatment 
of  gonorrhea  and  its  complications,  but  their  value  is  not  yet  deter- 
mined. The  dose  of  the  bacterin  varies,  according  to  different 
observers,  from  50  to  200  millions  dead  bacteria  every  third  to 
every  seventh  day. 

Urethrorrhea  is  a  slight  discharge  of  a  non-purulent  mucoid  fluid 
from  the  urethra,  most  marked  in  the  morning  and  after  straining  at 
stool,  and  due  to  hyperactivity  of  the  urethral  glands.  The  dis- 
charge stains  but  does  not  stiffen  linen.  I'he  causes  are  sexual  excess, 
masturbation,  ungratified  sexual  desire,  and  like  conditions  which 
induce  urethral  congestion.  Tt  is  sometimes  accompanied  by  sexual 
neurasthenia  and  false  impotence.  The  treatment  is  tonics  and  re- 
moval of  the  cause. 

Folliculitis^  or  inflammation  of  one  of  the  urethral  follicles,  is 
caused  by  urethritis,  usually  of  gonorrheal  origin.  A  tender,  pain- 
ful, shot-like  swelling  may  be  felt  beneath  the  skin  along  the  floor 
of  the  urethra.  If  suppuration  occurs  (periurethral  abscess),  the 
abscess  may  discharge  into  the  urethra,  through  the  skin,  or  in  both 
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directions,  thus  forming  a  urinary  fistula.  The  treatment  is  the 
application  of  ichthyol.  If  pus  forms,  it  may  be  evacuated  through 
the  urethra  by  means  of  a  fine  knife  and  the  urethroscope,  or  exter- 
nally if  the  suppuration  is  diffuse  under  the  skin.  A  urinarv' 
fistula  which  refuses  to  heal  should  be  cauterized,  or  failing  in  this, 
closed  by  a  plastic  operation. 

Cowperitis,  or  inflammation  of  Cowper's  gland,  is  identical  in 
cause  and  symptoms  with  folliculitis,  except  that  retention  of  urine 
is  more  apt  to  occur,  an  abscess  may  break  into  the  rectum,  as  well 
as  into  the  urethra  or  externally,  and  the  swelling  is  in  the  perineum, 
where  it  is  felt  best  between  the  forefinger  passed  just  within  the 
anal  sphincter  and  the  thumb  applied  to  the  perineum.  If  pus  forms, 
it  should  be  evacuated  by  a  perineal  incision. 

Stricture  of  the  urethra,  or  narrowing  of  the  lumen  of  the  canal, 
may  be  inflammatory,  spasmodic,  or  organic. 

Inflammatory  stricture  is  due  to  inflammatory  swelling  of  the 
mucous  membrane,  which  in  itself  is  scarcely  ever  great  enough  io 
interfere  seriously  with  the  passage  of  urine,  but  which  may  cause 
acute  retention  if  engrafted  <5n  an  organic  stricture. 

Spasmodic  stricture  occurs  in  the  membranous  urethra  as  the 
result  of  a  spasmodic  contraction  of  the  compressor  urethrae.  The 
causes  are  organic  stricture,  particularly  after  exposure  to  cold  or 
after  drinking  alcohol;  operations  on  or  injuries  of  the  perineum, 
rectum,  or  spermatic  cord;  and  nervous  and  emotional  disturbances. 
Retention  due  to  spasmodic  stricture  is  treated  by  a  hot  sitz  bath 
and  an  opium  suppository,  and,  if  these  fail,  by  the  introduction  of  a 
large  catheter,  which,  if  pressed  gently  but  firmly  against  the  stric- 
ture, will,  after  a  time,  tire  the  muscle  and  slip  into  the  bladder. 

Organic  stricture  may  be  congenital  (see  "  Congenital  Malforma- 
tions of  the  Urethra'')  or  acquired.  Acquired  organic  stricture  is 
due  to  cicatricial  contraction,  the  result  of  gonorrhea  or  other  form 
of  urethral  inflammation,  or  injury,  such  as  rupture  or  laceration  of 
the  urethra.  Strictures  may  be  single  or  multilple.  The  usual 
situation  of  gonorrheal  stricture  is  in  the  bulb,  of  traumatic  stricture 
in  the  membranous  urethra.  Stricture  of  the  prostatic  urethra  is 
extremely  rare.  According  to  its  shape  the  stricture  may  be  annukr, 
bridle  (involving  only  a  portion  of  the  circumference) ,  tubular  (when 
very  long),  or  tortuous;  according  to  its  consistency,  fibrous,  sojtj 
cartilaginous,  or  elastic  or  resilient  (rapidly  recontracts  after  dilata- 
tion) ;  and  according  to  the  degree  of  narrowing,  impermeable  (does 
not  permit  the  passage  of  urine)  or  impassable  (when  instruments 
cannot  be  introduced).    A  stricture  of  small  calibre  is  one  throng 
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hich  a  number  15  French  sound  cannot  be  passed,  a  stricture  of 
\rge  calibre  one  which  will  admit  a  larger  instrument. 

The  results  are  dilatation  of  the  urethra  behind  the  stricture,  with 
lironic  inflammation  and  sometimes  ulceration.  If  the  ulcer  extends 
eeply,  a  j>erineal  abscess  and  subsequently  perineal  fistula  develop; 
le  latter  are  treated  by.  external  urethrotomy,  with  indsionor 
ccision  of  the  tracts.  When  the  obstruction  becomes  complete 
16  urethra  may  give  way,  leading  to  extravasation  of  urine.  The 
ladder  hypertrophies  and  ultimately  becomes  inflamed  and  some- 
mes  ulcerated,  while  stone  may  form  owing  to  the  alkaline  changes 
I  the  urine.  In  some  cases  the  bladder  walls  are  stretched  and 
linned  instead  of  thickened.  Hydronephrosis,  pyonephrosis,  and 
yelonephritis  also  may  ensue. 


Pig.  488. — Bougie  d  boule. 
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Pic.  489. — Conical. 
Fig.  490. — Olivary. 


Fig.  491. — Cylindrical, 


Fig.  492. — Mercier  double 
elbow  (bicoud^). 


Pig.  493. — Elbow  (coud6) . 


Pigs.  488  to  493. — Flexible  catheters. 

The  principal  sjrmptom  is  gradually  increasing  difficulty  in  urina-. 
on,  the  stream  becoming  forked,  progressively  smaller,  and  dribbling 
t  the  end.  Micturition  takes  more  and  more  time,  and  finally 
^tention  occurs,  usually  as  the  result  of  spasm  or  congestion  following 
cposure  to  cold  or  an  alcoholic  debauch.  Except  for  gleet,  gonor- 
leal  stricture  does  not,  as  a  rule,  make  itself  known  for  many  months 
Fter  the  original  attack  of  urethritis,  and  may  not  cause  serious 
ouble  until  after  the  lapse  of  years.  The  diagnosis  may  be  made 
ith  the  urethroscope  or  the  bougie  k  boule  (Fig.  488) ;  occasionally 
le  induration  can  be  felt  through  the  skin.  If  the  largest  bougie 
hich  the  meatus  admits  meets  with  obstruction,  there  is  a  stricture 
3  the  meatus  is  normally  the  narrowest  part  of  the  canal.  Smaller 
zes  should  then  be  used  until  one  finally  passes.  The  exact  situa- 
on  of  the  stricture  may  be  determined  by  noting  the  depth  at  which 
large  soimd  meets  with  obstruction,  and  by  the  catching  of  the 
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bulb  of  a  smaller  instrument  upon  withdrawal.     The  patient  should 
be  recumbent  and   the  thighs  separated.     The   glans  should  be 
cleansed  with  bichlorid  of  mercury  solution,  then  with  sterile  water, 
the  hands  disinfected,  and  the  bougie  sterilized,  and  anointed  with 
lubrichondrin  or  sterile  oil.     Flexible  instruments  (Fig.  488  to  493) 
will  sometimes  pass  an  obstruction  if  a  screwing  motion  is  used. 
Non-flexible  (Fig.  494)  instruments  should  be  allowed  to  find  thdr 
own  way  along  the  urethra  without  the  use  of  force.     The  penis  is 
held  in  one  hand  and  the  instrument  manipulated  with  the  other. 
The  shank  of  the  instrument  is  held  near  the  skin  of  the  groin,  and 
the  end  introduced  into  the  meatus,  until  the  curve  disappears 
within  the  urethra.     The  handle  is  then  carried  across  the  abdomen, 
still  close  to  the  skin,  to  the  median  Une,  the  penis  pulled  up  on  the 
instnmient,  and  the  handle  raised  to  the  vertical  and  finally  depressed 
between  the  thighs.     The  pocketing  of  a  small  instrument  in  the 
lacuna  magna  may  be  prevented  by  carrying  the  point  along  the  floor 
of  the  urethra  as  far  as  the  perineum,  obstruction  at  the  opening  of 
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Pig.  494. — Conical  steel  bougie. 

the  triangular  ligament  and  at  the  sinus  pocularis  by  carrying  the  point 
along  the  upper  wall  of  the  rest  of  the  urethra.  The  dangers  of  the 
introduction  of  an  instrument  into  the  urethra  are  shock,  when  the 
urethra  is  hypersensitive,  a  condition  which  may  be  prevented  by 
distending  the  urethra  with  a  5  per  cent,  solution  of  novocain; 
hemorrhage,  which  may  be  avoided  by  gentleness;  false  passages; 
and  septic  processes,  e.g.,  prostatitis,  epididymitis,  cystitis,  and 
urinary  fever. 

The  treatment  of  stricture  is  (i)  dilatation,  (2)  urethrotomy,  or 
(3)  urethrectomy.  i.  Dilatation  may  be  giadual,  rapid,  or  continu- 
ous. Gradual  dilatation  is  the  best  treatment  for  all  non-resilient 
strictures  through  which  an  instrument  can  be  passed,  and  is  appli- 
cable in  over  95  per  cent,  of  all  cases  of  stricture.  The  largest  sound 
which  the  stricture  will  admit  is  introduced  and  allowed  to  remam  a 
few  minutes;  this  is  repeated  twice  a  week  with  larger  instruments, 
until  the  stricture  is  as  large  as  the  meatus  (from  27  to  32  F.).  The 
patient  should  take  a  urinary  antiseptic  during  the  tteatment,  and  in- 
strumentation should  always  be  suspended  if  there  is  much  irritatioQ* 
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Rapid  dilitaiion  consists  in  the  introduction  of  larger  bougies,  one  after 
the  other,  at  the  same  sitting,  until  the  full  size  is  reached.    Continuous 
iUitatian  is  useful  in  very  small  strictures.     The  patient  is  confined  to 
bed,  and  a  fine  bougie  introduced  and  kept  in  place  for  a  day  or  two, 
when  it  will  be  found  that  a  larger  instrument  can  be  passed.     This 
is  continued  until  a  still  larger  instrument  can  be  passed,  when  gradual 
or   rapid   dilitatlon   may  be    substituted.     Filiform   bougies   (less 
than  I  mm.  in  diameter)  are  made  of  whalebone  and  used  for  the 
finest  strictures.    A  filiform  bougie  is  apt  to  enter  one  of  the  crypts 
in  the  urethra,  in  which  case  it  should  be  partly  withdrawn,  then 
pushed  onward  with  a  rotary  movement.    If  a  filiform  fails  to 
enter  a  stricture,  the  urethra  should  be  filled  with  these  fine  instru- 
ments, when  it  will  be  found  that  one  will  engage  in  the  orifice  of 
the  stricture;  it  may  then  be  left  in  place  for  continuous  dilatation 
or  a  tunneled  sound  or  catheter  (Fig.  495)  may  be  slipped  over  it.    An 
eipert  may  possibly  introduce  a  filiform  through  the  urethroscope. 
Another  procedure  is  to  inject  10  drops  of  a  5  per  cent,  novocain 


Fig.  49$. — Piliform  bougie  threaded  on  a  Gouley  tunneled  catheter. 

solution  with  5  drops  of  adrenalin  chloiide  (i  to  1000);  this  lessens 
spasm  and  inflammatory  swelling.  After  a  few  minutes  the  urethra 
is  distended  with  warm  olive  oil,  when  the  filiform  may  glide  through 
the  stricture.  Forcible  dilitaiion^  or  divulsion,  in  which  the  stricture 
IS  torn  by  means  of  an  instrument  working  on  the  same  principle 
^  a  glove  stretcher,  is  not  recommended.  After  any  method  of 
dilatation  an  instrument  should  be  passed  at  first  once  a  week,  then 
^t  increasing  intervals,  to  make  sure  there  is  no  recontraction. 

2.  Urethrotomy^  or  cutting  of  the  stricture,  may  be  employed 
in  cases  which  resist  dilatation.    Internal  urethrotomy  is  indicated 
in  very  dense  or  resilient  strictures  in  the  pendulous  urethra.     Stric- 
tures near  the  meatus  may  be  incised  with  a  blunt  pointed  bistoury 
(see  "Meatotomy");  in  deeper  strictures  a  special  instrument  is 
required.     Civiale's  urethrotome  is  used  by  passing  it  through  the 
stricture,  protruding  the  blade  by  a  mechanism  in  the  handle,  and 
cutting  the  stricture,  from  behind  forwards,  on  the  roof  of  the  ure- 
thra if  in  the  bulb,  on  the  floor  if  in  the  penile  portion.     Maison- 
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neuve's  urethrotome  cuts  from  before  backwards,  and  is  useful  when 
the  stricture  is  very  small,  as  a  filiform  bougie  screwed  to  its  end  acts 
as  a  guide  to  the  stricture.  The  operation  may  be  performed  under 
general  anesthesia,  or  after  distending  the  urethra  with  a  5  per  cent 
solution  of  novocain.  The  urethra  is  irrigated  previous  to  operation, 
and  a  full  sized  bougie  subsequently  passed  twice  a  week,  until  the 
tendency  to  recontraction  is  overcome. 

External  urethrotomy  has  the  same  indications  as  internal  u^^ 
throtomy,  when  the  stricture  is  in  the  posterior  third  of  the  urethra, 
(a)   Syme's  operation  is  performed  by  introducing  a  shouldered 


Fig.  496. — Syme's  staff. 


grooved  staflf  (Fig.  496)  into  the  bladder,  and  opening  the  urethra 
just  behind  the  shoulder  of  the  staflf,  which  corresponds  to  the  stric- 
ture, by  a  median  perineal  incision.  The  stricture  is  then  divided, 
and  a  large  catheter  passed  into  the  bladder  through  the  urethra, 
and  fixed  there  by  adhesive  plaster,  running  from  the  catheter  to  the 
penis.  The  perineal  wound  is  drained.  The  catheter  is  washed 
daily,  and  removed  at  the  end  of  a  week,  after  which  sounds  are 
passed  twice  a  week,  the  perineal  wound  gradually  closing. 

(b)  Wheelhouse*s  operationis  indicated  in  impassable  strictures. 
A  WTieelhouse  staflf  (Fig.  497).  is  passed  down  to  the  stricture.  li« 


FiG.  497. — WheeUiouse's  staff. 


urethra  opened  just  in  front  of  the  stricture  by  a  median  perineal 
incision,  and  a  probe  gorget  (Fig.  498)  pushed  through  the  opening 
and  the  stricture  divided.  The  after  treatment  is  that  of  SyDW'* 
operation. 

(c)  Cock's  operation  isperformed,  without  a  guide,  for  the rdici 
of  retention  of  urine  (Fig.  499).  The  left  index  finger  is  passed  into 
the  rectum  to  the  apex  of  the  prostate,  and  the  urethra  opened  b^ 
hind  the  stricture  by  a  median  perineal  incision.  The  stricture  otj 
be  di\dded  at  the  same  time,  or  the  bladder  may  be  drained  thwttj^ 
the  perineum,  and  the  stricture  dealt  with  at  a  later  period.  F* 
preferable  to  perineal  section  without  a  guide,  in  cases  in  which  thc» 
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few  days 


ao  extravasation  of  urine,  is  supiapubic  drainage,  after 
vrfaich  the  stricture  may  again  become  passable. 

3.  Ureflirectoniy,  or  excision  of  the  stricture  with  subsequent 
ture  of  the  urethra,  has  been  successfully  perfonned.  After 
e  removal  of  a  long  segment  of  the  urethra,  the  appendix  has  been 
uisplanted  to  the  defect,  with,  it  is  said,  a  good  result.  Free 
■jious  transplantation  has  always  ended  in  sloughing  of  the  trans- 
ant  (see  hypospadias). 


Fic.  498. — Teale's  probe 

False  passages,  or  channels  in  the  submucous  or  periurethral 
issues,  may  result  from  attempts  to  introduce  an  instrument  into 
he  bladder.  The  instrument  lurches  onward  with  a  grating  sensa- 
ion,  is  deflected  from  the  middle  line,  and  the  point  cannot  be  ro- 
ated  as  it  should  be  if  it  had  entered  the  bladder.  Xo  urine  flows 
mless  the  instrument  reenters  the  urethra  or  bladder  behind!  the 
•bstruction,  and  there  are  pain  and  hemorrhage.  Xo  evil  results 
oay  follow,   but  in  some  cases 


here  will   be    urinary   fever   or 

Xtra  vasation  of  urine  and  blood. 

die  treatment  is  expectant  if  the 

»atient  can  pass  urine.     If  there 

&  acute  retention  of  urine  and  the 

tricture  is  impassable,  suprapubic 

'tainage  may  be  instituted,  unless 

bere  is  leakage  of  urine  into  the 

•erineal  tissues,  in  which  case  ex- 

emal  urethrotomy  will  be  manda- 

(^'.     If  an  old  false  passage  interferes  with  catheterization,  it  may 

e  filled  with  filiform  bougies,  when  an  additional  liliform  will  pass 

tto  the  bladder. 

Urinaiy, urethral, orcatheterfevermaybeacuteorchronic.  The 
■Mte  form  quickly  follows  the  introduction  of  an  instrument,  and  is 
laracterized  by  a  chill  with  a  subsequent  rise  of  temperature.  It  is 
nervous  or  possibly  septic  origin,  and  subsides  promptly  with  the 
e  of  opium,  quinin,  and  urinary  antiseptics.     The  chronic  form 


Fic.  499. — Cock's  operatjoi 
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is  always  due  to  infection,  and  usually  begins  several  days  after  the 
introduction  of  an  instrument.  The  symptoms  are  those  of  septi- 
cemia, with  in  the  later  stages  those  of  uremia.  The  pathological 
findings  are  those  of  cystitis  and  pyelonephritis.  The  treatmoit 
is  first  prevention,  i.e.,  the  strictest  antiseptic  precautions  and  the 
greatest  gentleness  during  instrumentation.  When  once  devdopcd 
the  condition  is  treated  on  the  same  principles  as  septicemia  and 
uremia,  with  urinary  antiseptics,  frequent  irrigations  of  the  bladdff, 
and  in  some  cases  drainage  by  permanent  catheterization,  cystotomy 
or  nephrotomy. 

Injuries  of  the  penis  may  be  of  any  variety,  but  are  of  compara- 
tively infrequent  occurrence. 

Open  wounds  are  treated  on  general  principles.  The  bleeding 
owing  to  the  great  vascularity  of  the  part,  is  of  ten  copious.  If  the 
urethra  is  opened  it  should  be  sutured  and  a  retention  catheta:  in- 
serted. The  possible  sequelae  are  stricture  of  the  urethra  and  d^ 
formity  of  the  penis  from  cicatricial  contraction,  and  urinary  fistula. 
If  a  portion  or  the  whole  of  the  penis  has  been  cut  or  torn  away  tiie 
wound  should  be  treated  as  described  under  amputation  of  the  penis. 
Extensive  destruction  of  the  skin  alone  may  be  remedied  by  skin 
grafting. 

Subcutafieous  injuries  are  usually  the  result  of  forcible  bending  rf 
the  penis  during  erection.  In  the  milder  cases  nothing  more  seriws 
than  the  formation  of  a  hematoma  occurs.  In  the  so-called /f«- 
lure  of  the  penis  (Fig.  484)  the  whole  organ  and  the  scrotum  become 
greatly  swollen  from  infiltration  of  blood  and,  if  the  urethra  is  too. 
from  extravasation  of  urine.  The  subsequent  scar  formation  may 
cause  deviation  of  the  penis  during  erection.  The  treatment  d 
hematoma  and  urinary  extravasation  are  described  elsewhere. 

Strangulation  of  the  penis  from  the  constriction  of  cords,  rings,  ctt. 
produces  great  sw^elling  and  eventually  gangrene.  The  urethra » 
closed  and  extravasation  of  urine  may  follow,  leading  to  the  fonnatioi 
of  urinary  fistulae.  The  constricting  agent  must  be  removed,  with 
scissors,  bone  forceps,  or  file,  according  to  its  nature,  and  the  pw* 
phylactic  treatment  for  gangrene  applied.  If  sloughs  form  thej 
should  be  cut  away  with  scissors,  the  resulting  raw  area  being  sab- 
sequently  skin  grafted. 

Chancroid,  or  soft  chancre,  is  a  non-syphilitic  sore  acquired  dB^ 
ing  coitus,  and  caused  by  the  bacillus  of  Ducrey.  The  period  <rf  in* 
bation  is  from  one  to  five  days.  Chancroids  are  usually  found  on 
glans,  the  prepuce,  or  the  labia,  and  very  rarely  in  any  e: 
situation.     A  soft  chancre  first  appears  as  a  red  papule,  which 
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changes  to  a  vesicle,  then  a  pustule,  and  finally  a  painful  ulcer  with 
sharp  undermined  edges  and  a  yellowish  base,  which  secretes  a 
large  quantity  of  highly  contagious  pus.  As  a  rule  there  is  more  than 
one  ulcer,  the  pus  being  autoinoculable,  and  the  surrounding  parts  are 
inflamed.  The  inguinal  lymph  glands  are  very  apt  to  suppurate 
{soft  bubo) ,  but  the  infection  never  becomes  generalized.  If  neglected 
or  if  occurring  in  those  with  poor  resistance,  chancroid  may  spread, 
with  or  without  sloughing,  and  cause  great  destruction  of  tissue 
(phagedena).  The  differential  diagnosis  between  chancre,  chan- 
croid, and  herpes  is  given  under  ^'Chancre.''  The  treatment 
is  spraying  with  peroxide  of  hydrogen,  washing  with  bichlorid  of 
mercury  i  to  1,000,  and  dusting  the  sore  with  iodoform  or  thymol 
iodid.  Healing  usually  takes  place  within  two  or  three  weeks. 
Cauterization  with  the  actual  cautery  under  nitrous  oxide  anesthe- 
sia, or  with  carbolic  acid  after  the  application  of  lo  percent,  novo- 
cain, is  strongly  recommended  by  some  genito  urinary  surgeons, 
but  should  not  be  used  if  the  sore  is  near  the  meatus.  Phagedena 
is  treated  as  described  under  '* Ulceration,'*  while  the  bubo  is  dealt 
with  in  the  same  way  as  other  forms  of  adenitis.  If  phimosis  exists 
and  interferes  with  cleanliness,  the  prepuce  may  be  split  along  the 
dorsiun,  and  the  raw  edges  touched  with  carbolic  acid;  circumcision 
is  generally  inadvisable,  as  the  entire  wound  is  apt  to  become  infected. 

Venereal  warts  are  papillomatous  masses  which  appear  on  the 
genitals  as  the  result  of  irritating  discharges  or  uncleanliness,  and 
occasionally  spontaneously,  hence  the  term  venereal  is  a  misnomer. 
They  may  be  snipped  off  with  scissors  and  the  raw  surfaces  cauter- 
ized with  silver  nitrate. 

Phimosis,  or  stenosis  of  the  orifice  of  a  long  prepuce,  is  usually 
congenital  in  origin,  but  occasionally  results  from  cicatricial  contrac- 
tion. It  interferes  with  cleanliness,  thus  predisposing  to  local 
inflammatory  disorders,  and  later  in  life  to  venereal  disease  and 
epithelioma;  adhesions  may  form  between  the  glans  and  the  prepuce, 
causing  retention  of  smegma  or  the  formation  of  preputial  stones. 
When  of  extreme  grade  it  interferes  with  urination,  thus  causing 
straining  and  predisposing  to  hernia  afid  prolapsus  ani.  Retention 
of  urine  occasionally  occurs,  and  irritability  of  the  bladder,  mastur- 
bation, and  reflex  nervous  disorders  may  be  induced.  The  treatment 
is  circumcision,  which  may  be  performed  by  splitting  the  prepuce 
up  the  dorsum,  separating  adhesions,  trimming  the  flaps  flush  with 
the  corona  glandis,  and  suturing  the  skin  to  the  mucous  membrane 
with  catgut.  The  wound  is  dressed  with  vaselinized  gauze,  which 
should  be  changed  as  often  as  soiled.    When  circumcision  forceps 
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arc  ust'cl.  adhesions  are  first  separated  with  a  probe,  the  foreskin 
drawn  down,  and  the  forceps  applied  parallel  with  the  corona,  cart 
being  taken  not  to  include  the  glans.  The  prepuce  is  then  amputated 
just  beyond  the  forceps,  and  sutures  applied  after  the  forces  haw 
been  removed. 

Paraphimosis  is  the  condition  existing  when  a  narrowed  preputial 
orifice  is  pushed  back  over  the  glans  and  cannot  be  replaced.  Tie 
parts  arc  edematous,  sometimes  ulcerate  at  the  point  of  constric- 
tion, and  occasionally  become  gangrenous  distal  to  the  constriction. 
The  treatnient  is  reduction  by  encircling  the  penis  behind  the  con- 
striction with  theseparatedinde.t  and  middle  fingers  of  each  hand  and 
making  pressure  on  the  glans  with  both  thumbs,  a  maneuver  whicb 
presses  the  blood  from  the  glans  and  pulls  the  foreskin  down  om 
it  (Fig.  500).  Reduction  may  be  facilitated  by  multiple  punctures 
to  relieve  the  edema,  by  anointing  the  parts  with  sweet  oil.'anJ  hy 


Piu.  500. — Mcthoil  o(  reducing  paraphimoiiis.     (Hirsch.) 


general  anesthesia.  V^  hen  reduction  is  impossible,  the  constrictin)! 
band  may  be  divided  on  the  dorsum  of  the  penis. 

Balanitis,  or  inflammation  of  the  glans,  is  usually  associated  with 
poslhilis.  or  inflammation  of  the  prepuce  (balanposthitis).  The  con- 
dition is  favored  bj'  phimosis,  and  is  usually  the  result  of  undeanU- 
ness,  or  other  forms  of  irritation,  such  as  chancroid,  gonorrhea. and 
diabetes.  The  prepuce  is  edematous  and  a  purulent  discharge  es- 
capes from  its  orifice.  The  prepuce  may  ulcerate  and  the  inguinal 
glands  arc  often  enlarged  and  tender.  The  treatment  is  frequent 
washings  with  peroxide  of  hydrogen  and  bichlorid  of  mercur>'  i 
to  5,000.  the  glans  being  separated  from  the  foreskin,  between  the 
washings,  by  lint  moistened  with  the  bichlorid  solution.  When 
the  prepuce  cannot  be  retracted,  it  will  often  be  necessary  to  ^lit 
it  up  the  dorsum,  after  which  cleanliness  may  be  maintained. 

Epithelioma  of  the  penis  (Fig.  501)  usually  b^ins  close  tO'tbe 
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a  glandis,  most  frequently  in  those  with  long  foreskins,  hence 
f  be  concealed  for  a  time,  the  only  evidence  of  its  existence  being 

swelling  and  a  discharge  containing  blood  and  pus.  The 
h  has  the  usual  characteristics  of  cancer  elsewhere,  and  early 
:ates  the  inguinal  glands.     The  treatment  is  amputation  of  the 

and  removal  of  the  inguinal  glands.  ^^  hen  the  disease  is 
zed  to  the  distal  end,  the  section  may  be  made  through  the  body 
:  penis.     The  skin  flap  may  be  circular,  or  a  long  dorsal  and  a 

ventral  flap  may  be  employed.     The  corpus  spongiosum  is 

little  longer  than  the  corpora  cavernosa,  and  the  end  of  the 
ra  sutured  to  the  edges  of  the  flaps,  after  being  split  to  avoid 
pre.     The  dorsal  arteries  of  the  penis  and  the  arteries  of  the 


Pio.  sot. — EpithHioma  of  penis. 

ira  cavernosa  will  require  ligation.  Extirpation  of  the  penis 
be  required  if  the  disease  is  more  extensive.  With  the  patient 
e  lithotomy  position,  the  root  of  the  penis  is  encircled  by  an 
an  which  b  carried  downward  along  the  median  raphe  of  the 
un  to  the  perineum.  The  divided  scrotum  is  separated,  and 
irpus  qwngiosum  severed  in  front  of  the  triangular  ligament,  a 
ter  having  been  passed  down  to  this  point  as  a  guide.  The 
nsory  ligament  is  then  divided,  and  the  crura  severed  close  to 
me.  The  end  of  the  urethra  is  split,  and  sutured  to  the  posterior 
of  the  perineal  incision,  and  the  rest  of  the  wound  is  closed, 
ample  provision  for  drainage. 

n  is  continuous  erection  of  the  penis,  without  sexual  de- 
The  causes  are  local  irritation  from  phi- 
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mosis,  adherent  prepuce,  diabetic  urine,  venereal   warts,  herpes, 
vesical  or  prostatic  stone,  stricture,  cystitis,  urethritis  (chordec), 
prostatitis,  sexual  excesses,  canthardal  poisoning,  distended  blad- 
der, or  diseases  of  the  rectum  and  anus;  interference  with  the  venous 
circulation  of  the  p>en)s  from  scars,  tumors,  thrombosis,  hematomata; 
injuries  of  the  spinal  cord,  myelitis,  spinal  meningitis,  lesions  of  the 
pons   or   middle   lobe   of   the  cerebellum,    epilepsy,    hydrophobia 
tetanus,  and  leukemia.     The  symptoms  are  pain  and  sometimes  diffi- 
culty in  urination  in  cases  depending  upon  lesions  of  the  centrd 
nervous  system,  however,  there  may  be  merely  turgescence  without 
pain.     The   treatment y   aside   from   that  of  the  underlying  cause 
is,  when  pain  and  rigdity  are  present,  hot  or  cold  appUcations  and 
the  administration  of  nervous  sedatives  (bromids,  chloral,  opium, 
belladonna,   lupulin,  hyoscin).     Incision  and  drainage  of  one  or 
both  corpora  cavernosa,  and  ligation  of  the  dorsal  arteries  of  the  penis 
have  been  ad\ased.     Incision  is  particularly  indicated  in  the  pres- 
ence of  a  hematoma. 

Involuntary  seminal  emissions  during  sleep  (nocturnal  pelh- 
tions)  occur  normally  in.  the  celibate,  at  intervals  var>ang  from  one 
week  to  a  month  or  longer,  according  to  the  temp)erament,  mode  of 
life,  and  direction  of  thought  of  the  individual.  Excessive  pollu- 
tions may  be  the  cause  or  the  result  of  neurasthenia;  they  maybe 
caused  also  by  masturbation  or  sexual  intemperance,  local  irritations 
of  various  sorts  (see  priapism),  highly  acid  urine,  and  most  frequently 
by  the  youthful  imagination.  Treatment  is  needed  only  when  the 
losses  recur  with  great  frequency,  when  they  are  associated  with 
mental  or  physical  suffering,  when  they  proceed  fromorleadtoat(«Dic 
impotence,  or  when  on  the  slightest  provocation  they  occur  during 
the  day  (diurnal  pollutions).  The  cause  should,  when  possible 
be  removed,  the  bowels  regulated,  and  the  general  health  improved. 
As  sleeping  on  the  back  predisposes  to  erections,  a  towel  may,  b^ 
fore  retiring,  be  tied  around  the  waist  with  the  knot  behind.  The 
most  useful  drugs  are  the  bromides,  hyoscin,  and  lupuUn.  Lewi 
companions  and  novels,  erotic  plays  and  pictures  must  be  shunned, 
and  the  thoughts  diverted  from  sexual  affairs  by  some  useful  and 
absorbing  occupation. 

'J>ue  spermatorrhea,  i.e.,  a  constant  escape  of  semen  from  the 
urethra,  probably  does  not  exist,  most  of  the  cases  which  have  beea 
so  diagnosticated  being  instances  of  uretorrhea  or  prostatorrhea  in 
which  the  discharge  has.  at  the  time  of  examination,  contained 
spermatozoa  as  the  result  of  a  previous  emission,  or  the  pressuecf 
fecal  masses  upon  the  seminal  vesicles  during  defecation. 
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Impotencey  or  inability  to  perform  the  sexual  act,  is  usually,  but 
not  always,  associated  with  sterility,  since  in  some  cases  there  may 
be  ejaculations  of  normal  semen.  Clinically  the  cases  may  be  di\'ided 
into  two  groups: 

(i)  Organic  impotence  is  due  to  absence,  deformity  (e.g.,  epispa- 
dias, h>^spadias,  penile  curv^ature  from  cicatricial  contraction), 
or  disease  of  the  genital  organs,  especially  atrophy  of  the  testes 
and  chronic  aflfections  of  the  prostate,  prostatic  urethra,  and  seminal 
vesicles;  to  lesions  of  the  spinal  cord,  notably  locomotor  ataxia  and 
myelitis;  to  hj-popituitarism  or  hypoth>Toidism ;  or  to  huge  tumors 
about  the  genitals,  elephantiasis  of  the  scrotum,  enormous, 
hernias  and  similar  conditions  that  interfere  mechanically  with  sexual 
intercourse. 

(2)  Functional  impotence  may  be  atonic  or  psychic.  Atonic 
impotence  is  caused  by  depression  or  exhaustion  of  the  nervous  centers 
as  the  result  of  debilitating  general  diseases,  the  prolonged  use  of 
certain  drugs  (e.g.,  alcohol,  arsenic,  bromides,  chloral,  cocain,  cam- 
phor, opium),  sexual  excesses  or  frequent  masturbation,  or  as  the 
result  of  repeated  and  protracted  episodes  of  sexual  excitement  with- 
out gratification  (mental  masturbation).  In  these  cases  sexual 
desire  and  erections  may  be  absent,  or  the  desire  may  be  strong  and 
the  erections  feeble,  the  emissions  occurring  prematurely  and  being 
followed  by  immediate  subsidence  of  the  erection.  The  diagnosis  of 
atonic  impotence  should  be  made  only  after  careful  investigation, 
as  in  many  instances  in  which  no  gross  lesion  can  be  discovered 
there  exists  an  old  gonorrheal  inflammation  in  the  prostatic  urethra 
or  seminal  vesicles.  Further,  excessive  vcnery  may  in  itself  induce 
chronic  inflammatory  changes  in  these  parts,  and  it  is  asserted  that 
oxaluria  and  other  irritating  conditions  of  the  urine,  as  well  as  diseases 
of  the  rectum  and  anus,  may  induce  precipitate  ejaculations.  Psy- 
chic impotence  is  most  common  in  the  newly  married,  as  the  result 
of  anxiety  as  to  their  ability  to  perform  the  marital  functions.  In 
other  cases  it  may  depend  upon  lack  of  affinity,  disgust,  or  similar 
emotions. 

The  treatment  consists,  when  possible,  in  removing  the  cause. 
Pituitary  extract  is  indicated  in  hypopituitarism,  thyroid  extract 
in  hypothyroidism.  Prolonged  sexual  rest  (including  avoidance 
of  obscene  books,  pictures,  and  plays),  regulation  of  the  bowels, 
inaprovement  of  the  general  health,  cold  baths,  electricity,  and  drugs 
like  str>'chnin,  phosphorus,  and  damiana  are  of  the  most  benefit  in 
atonic  cases.  In  psychic  impotence  depending  upon  fear,  reassur- 
ance is  the  principal  remedy.     Often  the  patient  is  convinced,  as 
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the  result  of  reading  the  exaggerated  statements  of  charlatans,  that 
early  self-abuse  is  the  cause  of  his  misfortune.  He  must  be  told  the 
truth,  viz,  that  such  practice,  unless  carried  to  excess  over  a  long 
period,  is  not  followed  by  evil  consequences. 

Sterility,  or  inability  to  beget  children,  is  not  confined  to  the 
impotent;  it  may  occur  in  those  who  are  able  to  copulate  normally, 
in  which  event  it  is  the  result  of  aspermia  or  azoospermia  (see  also 
"Sterility  in  the  Female")-  Aspermia  means  that  no  semen  is 
ejaculated  during  orgasm.  It  usually  depends  upon  obstruction  to 
some  portion  of  the  seminal  tract,  which  obstruction  may  be  congen- 
ital or  the  result  of  injury  or  disease,  most  commonly  stricture  of  the 
urethra,  enlarged  prostate,  or  obliteration  of  the  ejaculatory  ducts 
or  vasa  deferentia  from  gonorrheal  inflammation.  When  the  semen 
passes  back  into  the  bladder  because  of  stricture  of  the  urethra,  or 
escapes  through  a  defect  in  the  urethra  the  result  of  epispadias, 
hypospadias,  or  urinary  fistula,  the  condition  is  sometimes  called 
false  aspermia,  or  malemission.  Azoospermia,  or  absence  of  spenna- 
tozoa  from  the  semen,  is  due  to  absence,  malformation,  or  disease 
of  both  testicles,  or  to  obliteration  of  the  seminal  ducts,  the  most 
frequent  cause  being  bilateral  gonorrheal  epididymitis.  Repeated 
exposures  to  the  X-ray  also  may  cause  the  spermatozoa  to  disappear 
from  the  semen.  The  diagnosis  of  azoospermia  is  made  by  micro- 
scopic examination  of  the  semen. 

The  treatment  of  sterility  depending  upon  remedial  lesions,  e.g.. 
stricture  of  the  urethra,  urinary  fistula,  is  that  of  the  cause.  Most 
cases  of  obstruction  to  the  seminal  ducts  are  beyond  the  aid  of  sur- 
gery, although  Martin  has  succeeded  in  curing  sterility  due  to  bilateral 
epididymitis  by  anastomosing  the  vas  deferens  to  that  portion  of 
the  epididjTiiis  on  the  testicular  side  of  the  obstruction.  Sterilit)' 
due  to  the  X-rays  may  dissappear  after  the  exposures  have  been 
discontinued. 

TESTIS,  CORD,  AND  SEMINAL  VESICLES 

The  testicle  may  be  absent  (anorckism),  fused  with  its  fellow 
{synorchism),  undescended  (cryptorckism) ,  out  of  place  (ectopia),  or 
inverted  in  the  scrotum,  while  at  least  one  case  of  supemumeran* 
testis  (polyorchism)  has  been  reported. 

Undescended  testicle  (cryptorckism)  may  be  caused  by  "an 
unusual  length  of  the  mesorchium,  which  permits  so  free  a  movement 
of  the  organ  that  it  fails  to  enter  the  mouth  of  the  vaginal  process. 
or  the  mesorchium  becomes  adherent  to  adjacent  structures;  tta 
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abnormal  persistence  of  the  plica  vascularis;  certain  malformations 
of  the  testicle  and  its  component  parts,  such  as  a  short  vas  deferens 
and  an  abnormally  large  epididymis;  certain  forms  of  hermaphrodit- 
ism; retraction  of  the  cremaster  and  absence  of  the  internal  fibers 
of  the  cremaster  before  the  testicle  has  entered  the  inguinal  canal; 
want  of  development  of  the  inguinal  canal,  of  the  superficial  ab- 
dominal ring,  and  of  the  scrotum;  and  other  rare  causes,  such  as  the 
wearing  of  a  truss"  (Eccels).  The  organ  may  be  retained  within 
the  abdomen,  in  the  inguinal  canat  or  just  outside  of  the  external 
ring.  An  ectopic  testicle  may  be  found  in  the  peiineum,  Scarpa^s 
triangle,  at  the  root  of  the  penis,  or  upon  the  aponeurosis  of  the 
external  oblique.  It  is  pulled  into  one  of  these  positions  by  the 
gubernaculum  or  pushed  there  by  a  hernia.  Imperfectly  descended 
and  misplaced  testicles  are  almost  always  small  and  soft  and  do  not 
produce  spermatozoa.  They  are  often  subject  to  attacks  of  in- 
flammation  and  may  undergo  cystic  or  malignant  degeneration, 
while  hydrocele  and  hernia  (cf.  "Interstitial  Hernia")  are  frequent 
complications,  and  gangrene  maybe  induced  by  torsion  of  the  sperma- 
tic cord.  An  imperfectly  descended  testicle  must  not  he  mistaken 
for  a  bubo,  a  hernia,  or  a  hydrocele  of  the  cord.  In  abdominal  in- 
flanmiations  and  tumors  in  the  male  the  scrotum  should  always  be 
examined  to  see  if  it  is  empty. 

Treatment  by  massage  is  dangerous  because  of  the  irritation 
which  it  produces.  If  the  organ  has  not  descended  by  the  sixth  year, 
the  best  treatment  is  Bevan^s  operation.  The  inguinal  canal  is 
opened  as  in  Bassini's  operation,  and  the  peritoneal  pouch  separated 
from  the  cord  and  divided  between  two  ligatures,  thus  blocking  the 
hernial  sac  and  forming  a  tunica  vaginalis.  The  cord  is  lengthened 
by  separating  it  from  the  surrounding  tissues  and  peritoneum,  and 
by  separating  the  vas  from  the  spermatic  vessels.  If  this  does  not 
produce  sufficient  lengthening,  the  spermatic  vessels  are  ligated  and 
divided,  the  testicle  generally  being  amply  nourished  by  the  artery 
of  the  vas,  although  the  author  has  had  two  cases  in  which  the  testicle 
subsequently  became  gangrenous.  A  pocket  is  then  made  in  the 
scrotum  by  the  fingers,  the  testicle  placed  therein,  and  the  mouth  of 
the  pocket  closed  by  a  purse-string  suture.  The  wound  is  closed 
as  in  Bassini's  operation,  except  that  the  cord  is  not  displaced,  but 
allowed  to  emerge  at  the  lower  angle  of  the  wound.  Castration  is 
advised  by  many  surgeons,  but  should  never  be  done  if  the  condition 
is  bilateral,  for  though  sterile,  the  patient  may  be  potent,  and  removal 
of  both  organs  has  a  serious  eflFect  upon  development,  owing  to  the 
absence  of  the  internal  secretion  of  the  testicle. 
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Torsion  of  the  spennatic  cord  may  occur  during  severe  exertiffli 
if  there  is  a  long  mesorchium.  In  about  half  the  cases  the  testideis 
imperfectly  descended.  The  symptoms  resemble  strangulated  hernia 
in  that  there  are  sudden  pain,  swelling,  tenderness,  and  vomiting, 
but,  unlike  strangulated  hernia,  there  is  apt  to  be  fever  and  no  intes- 
tinal obstruction.  In  some  cases  the  twisting  of  the  cord  and  the 
rotation  of  the  testicle  may  be  made  out  by  palpation.  In  the  se\-ere 
forms  the  testicle  becomes  gangrenous.  The  treatment  in  recent 
cases  is  exploratory  incision,  with  untwisting  of  the  cord  and  suturing 
the  testicle  to  the  sciotum.  A  gangrenous  testicle  should  be 
removed. 

Acute  orchitis,  or  inflammation  of  the  secretingpart  of  the  testide, 
is  usually  due  to  hematogenous  infection,  e.g.  in  mumps,  typhmd 
fever,  and  less  frequently  in  other  infectious  diseases;  it  may  result 
also  from  injury  or  be  secondary  to  epididymitis.  The  symptoms 
are  sickening  pain  extending  upward  along  the  cord    and   ofteo 


Pig.  SOI. — Diagrammatic  sections  of  (A) 
orchitis,  (B)  fpididymitis,  and  (C)  hydrocHe 
of  the  tunica  vaginaJis.  Ho,  Testis,  N.  epididy- 
mis; Hy.  hydrocele.     (Tillmanns.) 

to  the  loin;  great  tenderness,  uniform  swelling  of  the  testide, 
fever,  redness  and  edtma  of  the  scrotum,  and  often  acute  hydro- 
cele. Atrophy  commonly  follows,  but  abscess  and  gangrene  aie 
rare.  Since  in  right-sided  orchitis  or  epididymitis  there  may  be 
pain  and  tenderness  in  the  right  iliac  fossa,,  with  vomiting,  acute 
appendicitis  may  be  simulated,  especially  if  the  testicular  trouble  is 
concealed ,  as  i  t  sometimes  is  when  a  youth  is  examined  in  the  presence 
of  his  family. 

Acute  epididymitis  may.  in  rare  instances,  be  due  to  the  saioe 
causes  as  orchitis,  but  is  almost  always  the  result  of  infection  spread- 
ing from  the  deep  urethra,  usually  arising  from  gonorrhea,  and  oc- 
casionally from  prostatitis,  the  passage  of  instruments,  or  other  forms 
of  irritation.  The  process  often  extends  to  the  testicle.  The 
symptoms  usuall>-  arise  in  the  latter  stages  of  gonorrhea  and  are  thoie 
of  orchitis,  but  the  character  of  the  swelling  is  somewhat  different 
(Fig.  502),  the  vas  is  generally  swollen  and  tender,  and  on  i^cttl 
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examination  swelling  and  tenderness  of  the  corresponding  seminal 
vesicle  and  lobe  of  the  prostate  can  often  be  detected.  Acute  hydro- 
cele is  common,  abscess  and  gangrene  rare.  In  bilateral  cases  there 
may  be  sterility  from  blocking  of  the  ducts,  but  sexual  potency  is 
retained  unless  the  testicle  atrophies,  which  is  not  usual. 

Chronic  orchitis  and  epididymitis  may  follow  the  acute  form ; 
those  cases  which  are  chronic  from  the  beginning  are  generally  due 
to  sxphilis  or  tuberculosis. 

The  treatment  of  acute  orchitis  or  epididymitis  is  rest  in  bed, 
elevation  of  the  scrotum,  the  application  of  lead- water  and  laudanum 
or  pultices,  and,  in  the  declining  stages,  pressure  by  a  rubber  band- 
age or  by  strapping  the  testicle  with  adhesive  plaster  (Fig.  503). 
Local  treatment  to  the  urethra  is  abandoned;  this  does  not  worry  the 
patient  as  the  discharge  has  probably  disappeared  with  the  onset  of 
the  inflammation.     In  acute  orchitis  with  excessive  pain  or  threat- 
ened gangrene,  the  tunica  albuginea  may  be  cut  subcutaneously  with 
a  tenotome.     In  acute  epididymitis  Frayser  advises  epididymotomy 
through  an  external  incision,  whereby  it  is  said  the  duration  of  the 
disease  is  considerably  shortened.     Recurring  epididymitis  has  been 
successfully  treated  by  ligation  of  the  vas  deferens  (Chetwood). 
Chronic  inflammation  of  the  testicle  is  treated  by  strapping,  or  by 
inunctions  of  ichthyol  and  mercury  and  the  internal  administration 
of  potassium  iodid. 

Tuberculosis  of  the  epididymis  and  testicle  usually  begins  in  the 
globus  major  of  the  epididymis,  as  the  result  of  a  deposition  of  the 
tubercle  bacilli  from  the  blood,  or  a  descending  infection  from  the 
seminal  vesicles  or  prostate.  As  in  other  affections  of  the  epididymis 
and  testicle  the  leftsideismorefrequently  involved  owin^j  to  its  more 
sluggish  circulation.  The  disease  is  mo^t  common  between  the 
fifteenth  and  thiitieth  years,  in  those  who  are  i)re(h'sp()se(l  to  tubercu- 
losis, and  it  is  often  preceded  by  inllammation  or  a  slight  injury. 
The  process  spreads  to  the  body  of  the  testicle  and  uj)  the  vasdeferens, 
affecting  the  other  genitourinary  organs,  including  in  many  cases 
the  opposite  epididymis  and  testicle.  In  favorable  rases  the  tuber- 
culous mass  may  become  encai)sulate(l  and  calcify,  but  more  often 
it  undergoes  caseation,  and  forms  an  abscess,  which,  breaking  through 
the  capsule  of  the  epididymis,  gravitates  to  the  lower  i)ostero-lateral 
corner  of  the  scrotum,  and  ^ives  rise  to  a  >inu>. 

The  symptoms  may  be  acute,  resembling  an  acute  epididymitis 
which  fails  to  subside  and  is  followed  bv  ab.sces.ses.  As  a  rule  the 
onset  is  insidious,  and  perhaps  the  nodular  enlargement  of  the  epidi- 
dymis is  discovered  accidentally.     At  a  later  period  the  whole  organ 
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is  enlarged,  effusion  into  the  tunica  vaginalis  is  apt  to  occur,  the  i 
deferens  is  thickened  and  knotty,  and  finally  symptoms  referable 
the  other  genitourinary  organs  appear,  while  evidences  of  the  disc; 
in  the  lungs  may  be  detected.  Pain  and  tenderness  are  not  mark 
until  sinuses  of  the  scrotum  form.  The  sexual  power  is  unimpaii 
unless  both  organs  are  destroyed.  The  differential  diagnosis 
given  under  "Tumors  of  the  Testicle." 

The  treatment  is  the  wearing  of  a  suspensory,  and  general  tre 
ment  as  for  tuberculosis  elsewhere.  Injections  of  iodoform 
zinc  sulphate  are  not  recommended.  If  the  disease  progress 
epididymectomy  should  be  performed,  with  removal  of  the  vasil 
is  thickened;  this  operation  does  not  cause  atrophy  of  the  testicle 


impotency.  When  the  testicle  is  extensively  diseased,  castratit 
should  be  performed  when  the  process  is  unilateral;  when  bilaten 
the  worse  testicle  should  be  removed,  and  at  least  a  portionoftl 
other  preserved.  Tuberculosis  in  other  portions  of  the  genitourim 
apparatus  sometimes  subsides  after  removal  of  the  testicular  fo 
and  should  not,  therefore,  be  attacked  at  the  same  time. 

Syphilis  of  the  testicle  during  the  secondary  period  appears  a 
bilateral,  painless  epididymitis,  affectingprincipally  the  globus  maji 
it  is  sometimes  associated  with  hydrocele,  and  disappears  with  an 
syphilitic  treatment.  During  the  tertiary  period  syphilitic  orcid 
or  sarcoccle,  occurs  as  a  diffuse  overgrowth  of  the  connective  tin 
causing  atrophy  of  the  tubules,  or  as  a  nodular,  gummy  d^jenenti 
The  symptoms  appear  slowly.     The  testicle  is  enlarged,  hard,  sow 
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>r  perhaps  nodular,  unduly  heavy  for  its  size,  and  neither  painful  nor 
:ender;  hydrocele  may  occur,  and  if  a  gumma  opens  on  the  surface, 
t  will  jn-esent  the  characteristic  features  of  a  sjphilitic  ulcer.  The 
Ireatment  is  a  suspensory  bandage  and  the  internal  administration  of 
intisyphilitic  remedies.  If  the  testicle  is  extensively  destroyed  by 
ulceration,  however,  castration  should  be  performed. 

Hernia,  or  fungus  of  the  testicle,  is  a  protrusion  of  the  interior  of 
the  testicle  or  a  fungus  growth  therefrom,  through  the  skin  of  the 
scrotum  (Fig.  504).  It  may  be  due  to  a  wound,  malignant  disease, 
abscess,  syphilis,  or  tuberculosis.  The  treatment  is  that  of  the  cause. 
In  cases  following  abscess  or  trauma,  the  fungus  may  be  cauterized 
and. pressure  applied,  or  amputated  and  the  skin  sutured  over  the 
stump. 

Tumors  of  the  testicle  are  usually  malignant  and  of  a  mixed 
typ)e.  The  most  common  non-malignant  tumor  is  cystic  fibroma,  or 
adenoma,  which  consists  of  fibrous  tissue  with  multiple  serous 
cysts;  it  may,  however,  contain  other  forms  of  tissue  and  in  the 
later  stages  is  apt  to  become  malignant  Dermoid,  teratoma,  chcm- 
drama,  osteoma,  fibroma  and  myxoma  also  have  been  observed.  Of 
the  malig^iant  tumors  sarcoma  is  the  more  frequent,  carcinoma 
is  almost  always  of  the  medullary  variety.  Malignant  disease  may 
be  secondary  to  benign  tumors  and  is  often  cystic  in  character. 
Both  sarcoma  and  carcinoma  spread  along  the  cord,  invade  the  lumbar 
glands,  break  through  the  scrotum, and  then  involve  the  inguinal 
glands. 

The  diagnosis  of  the  exact  nature  of  a  neoplasm  of  the  testicle 
is  seldom  possible  before  exploratory  incision.  The  clinician  is 
usually  content  to  distinguish  a  neoplasm  from  other  lesions  not 
requiring  castration.  If  this  distinction  cannot  be  made  by  external 
examination  an  exploratory  incision  should  be  made.  Rarely  an 
acute  orchitis  may  be  simulated  by  a  rapidly  growing  neoplasm, 
with  pain,  tenderness,  increased  local  heat,  and  fever.  A  hydrocele 
with  thick  walls,  which  prevent  the  transmission  of  light,  is  very 
chronic,  increases  slowly  in  size,  and  may  yield  hydrocele  fluid  on 
tapping.  An  old  hematocele  that  has  become  organized  is  heavy, 
regular  in  form,  and  remains  stationary  or  decreases  in  size.  As 
with  tumor,  it  may  follow  injury  and  yield  blood  on  aspiration.  In 
both  vaginal  hydrocele  and  hematocele  the  cord  is  uninvolved. 
Excluding  the  conditions  just  mentioned  a  tumor  of  the  testicle 
is  most  likely  to  be  confused  with  chronic  epididymitis,  tuberculosis, 
or  sarcocele.  The  following  table  modified  from  Keyes,  shows  the 
main  points  in  the  diagnosis  of  these  diseases. 
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Chronio 
Epididymitis 


Tuberculosis 


Syphilitic 
orchitis 


Tumor 


History. 


Gonorrhea,  strict-  .  Tuberculosis, 
ure,     or     hyi>cr-      family     or     pcr- 
trophy    of    pro-  J    sonal. 
state.  I 


Frequency ,  Uncommon. 


Frequent. 


Sise. 


Syphilis  inherited'  Perhaps  tattusa. 
or  acquired.  , 


Frequent. 


Rare. 


Small   between  '  Does    not     reach  |  Does     not  ^  reach    May     reach    toy 


any  great  sixe. 


Tenderness. 


Yes. 


Not  marked  until 
sinus  forms. 


Shape j  Between     attacks    Nodules  in  globus 

testis  normal.  '  major  in  the  be- 
,  nodules  often  in  '  ginning.  Testis 
'  globus  minor.  ,  not  involved  un- 
'  less  acute  or  an- 

I  I    cient. 


Cord. 


May    be    slightly 
thickened. 


Thick  and  nodu- 
lar. 


Seminal  vesicles.. .  I  Usually  distended.  '  Tuberculous. 


Prostate.. 


Urine. 


Posterior   urethra  I  Congested  or  tu- 
inflamed.  I    berculous. 


Cloudy. 


Cloudy,  may  con- 
tain bacilli. 


Hydrocele. 


Unusual. 


Often. 


Onset Usually  acute. 


Usually  chronic. 


1. 


Age Adult  life. 


Not    often    after 
30. 


any  great  sise. 


No. 


sise. 


No. 


Testis  evenly  en- 
larged, slightly 
nodular,  epididy- 
mis usually  free. 


Free. 


Uninfluenced. 


Uninfluenced. 


Testis  greatly  en- 
larged. Later  ir- 
regular soft  oot- 
growths.  Nodur- 
acteristic  inTolre- 
ment  of  epididj- 
mis. 

I^ree  in  early  itage. 
Later  involved. 

Uninfluenced. 

Uninfluenced. 


Clear. 


Clear. 


Nearly  always. 


Unusual,  but 
possible. 


Chronic. 


Chronic. 


Middle  life. 


Any  age. 


Origin '  Epididymis. 


,  Epididymis. 


Course '  Recurring      acute    Chronic. 

attacks. 


Testicle. 


Testicle. 


Very  chronic.  Usually  rajud. 


Suppuration Unusual. 


Common.      Sinus  Rare.        Anterior '  None,  but  foflS** 

lower  postero-  or  lateral  fimgus      common  in  Uter 

lateral  corner  possible.                  '    stages. 

scrotum. 


Atrophy  of  testis. .    Rare,  potency  un-    Rare,    potency 

impaired.  i    somewhat        im- 

'    paired. 


Common,  potency  ;  Never,  potencyon- 
somewhat       im-  i    impaired, 
paired.  I 


Opposite  testicle..   Often  involved  si-  '  Usually    involved  '  Usually  free.  j  Free. 


multaneously.  subsequently 


Malignant  disease  is  the  only  condition  likely  to  cause  enlaige- 
ment  of  the  iliac,  lumbar,  and  inguinal  glands.  The  aqiirator  and 
antisyphilitic  remedies  may  be  of  value  in  diagnosis,  also  the  kboia* 
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tor)'  tests  for  sj-philis,  gonorrhea,  and  tuberculosis.  The  X-ray 
might  reveal  a  dermoid,  teratoma,  chondroma,  osteoma,  or,  in 
tuberculosis  or  an  old  hydrocele,  areas  of  calcincation. 

The  treatment  of  tumors  of  the  testicle  b  castration. 

Castration  is  best  performed  through  an  incision  over  the  external 
inguinal  ring.  The  cord  is  isolated,  crushed  with  forceps,  tied  em 
masse,  severed  below  the  ligature,  and  each  vessel  secured  by  an 
individual  ligature.  The  testicle  is  next  pushed  up  through  the 
wound  stripped  from  the  scrotum,  and  removed,  any  bleeding 
points  being  ligated.  This  incision  may  be  modified  to  include 
sinuses  or  diseased  skin.  A\lien  the  operation  is  done  for  tubrrctdosis, 
the  inguinal  canal  should  be  oi>ened,  and  the  vas  followed  until  it 
may  be  tied  and  cauterized  dose  to  the  seminal  vesicle.  In  malig- 
nani  disease  the  vessels  should  be  secured  as  high  as  possible,  and  any 
accessible  lymph  glands  removed.  If  the  scrotum  is  invaded,  the 
inguinal  glands  should  be  excised  whether  they  are  enlarged  or 
not. 

Neuralgia  of  the  testicle  may  be  caused  by  ungratified  sexual 
desire,  sexual  irregularities,  incipient  inguinal  hernia,  or  by  some 
local  or  remote  disease,  e.g.,  varicocele,  prostatic  engorgement,  and 
vesical  or  renal  calculus.     The  treatment  is  removal  of  the  cause. 

Hydrocele  is  a  collection  of  serous  fluid  in  the  tunica  vaginalis, 
or  in  connection  with  the  cord  or  testicle.  Vaginal  hydrocele  (Fig. 
505),  or  a  collection  of  fluid  in  the  tunica  vaginalis,  may  be  sympto- 
matic or  idiopathic.  Symptomatic  hydrocele  {serous  vaginalitis)  is 
often  acute  may  be  caused  by  injury  or  any  disease  of  the  testicle 
or  epididymis,  and  sometimes  follows  operation  for  inguinal  hernia. 
Idiopathic  hydrocele  is  always  chronic,  is  most  common  in  the  middle 
aged,  and  is  of  unknown  origin.  The  fluid  is  straw  colored,  and 
contains  albumin,  fibrinogen,  inorganic  salts,  often  cholesterin 
crystals,  and  occasionally  fibrous  bodies  containing  phosphates, 
carbonates,  and  fibrin.  The  tunica  vaginalis,  in  old  cases,  becomes 
thickened  and  fibrous,  or  even  cartilaginous  or  calcified.  Warty 
growths  may  arise  from  the  tunic  or  the  testicle. 

The  signs  of  a  vaginal  hydrocele  are  a  tense,  pear-shaped, 
fluctuating  swelling,  which  grows  from  below  upward,  and  which  is 
usually  situated  in  front  of  the  testicle,  but  occasionally  lies  behind 
or  envelops  this  organ.  It  is  flat  on  percussion,  and  has  no  impulse 
on  coughing  unless  it  extends  into  the  inguinal  canal.  By  placing 
a  light  on  one  side  of  the  swelling,  translucency  will  be  demonstrated, 
unless  the  tunica  vaginalis  is  very  thick  or  the  fluid  bloody  or  mucoid. 
The  situation  of  the  testicle  may  be  determined  by  the  light  test, 
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and  by  the  peculiar  sensation  experienced  by^the  patient  when  the 
organ  is  squeezed. 

The  treatment  may  be  palliative  or  radical.  Palliative  treatment 
consists  in  tapping,  the  needle  being  entered  at  the  front  and  lower 
part  of  the  swelling.  The  position  of  the  testicle  should  always  be 
ascertained  just  before  the  operation.  After  the  fluid  has  beai 
withdrawn  the  puncture  should  be  sealed  with  collodion.  Tapping  is 
often  curative  in  children,  and  sometimes  in  symptolnatic  hydrocele, 
but  practically  never  in  the  idiopathic  variety,  the  sac  refilling  after 
the  lapse  of  a  few  months.  Radical  treatment  may  be  carried  out 
by  injection  or  by  an  open  operation.  Of  the  many  substances 
recommended  for  injection  pure  carbolic  acid  is  the  best,  from  lo  m. 
to  a  dram  being  injected  into  the  sac  and  diffused,  by  manipulation 


Fig.  505.  Pig.  506.  Fig.  507.  Fig.  508.  Pig.  509. 

Vaginal  Congenital  Infantile  Bilocular         Encysted  hydro- 

hydrocele.  hydrocele.  hydrocele.  hydrocele.  cele  of  corA 

Diagram  of  various  forms  of  hydrocele.     H,  hydrocele;  T,  testicle;  E,  epididymis;  P, 

funicular  process;  C,  cord. 

after  all  the  fluid  has  been  withdrawn.  There  is  some  inflammatory 
reaction,  and  retapping  may  be  necessary  if  there  is  much  effusicm. 
Open  operation  possesses  the  advantage  of  allowing  inspection  of  the 
testicle,  and  is  always  indicated  if  the  sac  is  thickened.  The  patients 
permission  to  deal  with  any  testicular  lesion  which  may  be  present 
should  always  be  obtained,  particularly  if  the  hydrocele  has  formed 
rapidly.  Open  operation  may  be  by  incision,  excision,  or  everskm 
of  the  sac.  Incision  of  the  sac,  followed  by  packing  it  with  iodofonn 
gauze,  should  be  obsolete.  Excision  consists  in  removing  the  entire 
parietal  layer  of  the  tunica  vaginalis.  It  is  indicated  in  cases  in 
which  the  wall  of  the  sac  is  very  thick.  Evenian  of  the  sac  is  the  best 
operation,  when  the  sac  wall  is  thin.  The  sac  is  opened  by  a  smaB 
incision,  turned  inside  out,  and  so  held  by  a  few  catgut  sutures 
passed  through  its  edges  above  the  testicle  and  behind  the  conL 


GENITAL  ORGAXS  QIl 

The  testicle  is  then  replaced  within  the  scrotum  and  the  wound 
closed. 

Congenital  or  reducible  hydrocele  ^Fig«  500"^  is  one  which 
communicates  with  the  peritoneal  ca\ity  through  an  unclosed 
ftmicular  process,  hence  is  associated  with  hernia,  the  treatment 
is  that  of  congenital  inguinal  hernia.  Injections  should  never  be 
used.. 

Infantile  hydrocele  (Fig.  507)  is  one  which  distends  the  tunica 
vaginalis  and  the  funicular  process,  the  latter,  however,  not  communi- 
cating with  the  peritoneal  ca\aty.  The  treatment  is  tapping,  the 
walls  of  the  sac  being  scratched  with  the  end  of  the  needle.  If  this 
fails  the  sac  should  be  excised  or  everted. 

Bilocular  abdominal  hydrocele  (Fig.  508)  is  an  infantile  hydro- 
cele in  which  the  upper  end  of  the  funicular  process,  distended  with 
fluid,  lies  between  the  peritoneum  and  the  abdominal  wall.  The 
treatment  is  excision. 

Inguinal  hydrocele  is  one  about  a  retained  testicle;  it  is  dealt 
with  by  excision  or  eversion,  and  the  organ  brought  down  into  the 
scrotum. 

Encysted  hydrocele  of  the  testis  is  a  cyst,  or  collection  of  cysts, 
occuring  in  or  about  the  epididymis  {Cysts  of  the  epididymis)  or 
rarely  in  the  testicle.  There  are  two  varieties :  (i )  Small  cysts  occur 
late  in  life;  contain  spermatozoa,  and  cause  little  or  no  disturbance; 
they  are  said  to  be  due  to  senile  changes  causing  a  dilatation  of  the 
tubules.  (2)  Large  cysts  occur  before  middle  age  and  contain  a 
milky  fluid  filled  with  spermatozoa  (spermatocele) ;  they  are  due  to 
dilatation  of  the  vasa  eflerentia,  or  to  cystic  changes  in  persisting 
fetal  remains,  being  in  this  respect  similar  to  parovarian  cysts.  The 
treatment  is  injection  or  excision. 

Diffuse  hydrocele  of  the  cord  is  a  smooth  boggy  enlargement  of 
the  cord,  which  may  be  due  to  edema,  spermatocele,  multilocular 
encysted  hydrocele  of  the  cord,  lymphangioma,  cysts  of  fetal  remains, 
or  echinococcus  cysts.    The  treatment,  excepting  edema,  is  excision. 

Encysted  hydrocele  of  the  cord  (Fig.  509)  is  due  to  distention 
of  the  funicular  process  which  has  been  closed  for  a  variable  distance 
above  and  below,  or  rarely  to  an  accumulation  of  fluid  in  an  old 
hernial  sac  which  has  been  shut  of!  above.  In  the  female  the  canal 
of  Nuck  may  be  likewise  affected,  constituting  a  hydrocele  of  the 
round  ligament.  The  condition  may  be  mistaken  for  hernia,  owing 
to  the  fact  that  it  may  enter  the  inguinal  canal,  but  if  the  cord  h 
drawn  downwards,  the  cyst  is  fixed,  and  presents  the  features  of  a 
hydrocele  elsewhere.    The  treatment  is  injection  or,  better,  excinion. 
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Chylocele,  or  chylous  hydrocele,  is  a  collection  of  lymph  in  the 
tunica  vaginalis,  due  to  the  rupture  of  dilated  lymph  vessels,  and 
often  associated  with  filariasis.  The  treatment  is  that  of  hematocele, 
with  possibly  ligation  or  excision  of  the  dilated  lymph  vessels. 

Hematocele  is  a  collection  of  blood  in  or  about  the  testicle  or  cord. 
It  follows  injury  or  operations,  and  occasionally  occurs  sp)ontaneously, 
e.g.,  in  malignant  disease  and  hemophilia.  According  to  its  situa- 
tion it  may  be  a  vagifwl  hematocele,  i.e.,  in  the  tunica  vaginalis,  an 
encysted  or  diffuse  hematocele  of  tlie  cord,  or  an  encysted  hematocek  of 
the  testicle.  The  signs  are  those  of  hydrocele,  except  that  the  swell- 
ing is  doughy  or  solid,  and  not  translucent,  and  there  is  apt  to  be 
ecch>Tnosis  of  the  skin.  An  old  hematocele  that  has  become  organ- 
ized may  be  mistaken  for  a  neoplasm,  (cf.  Diagnosis  of  Tumors 
of  the  Testicle).  The  treatment  is  rest  and  the  application  of  cold,  or 
in  the  presence  of  continued  bleeding,  incision  and  ligation  or  pack- 
ing. In  old  cases  in  which  the  blood  has  not  been  absorbed,  indsion 
and  evacuation  may  be  indicated. 

Rupture  of  the  vas  deferens,  as  the  result  of  operations  or  injuries, 
should  be  treated  by  anastomosis  in  a  manner  similar  to  anastomosis 
of  the  ureter. 

Varicocele  is  a  condition  in  which  the  veins  of  the  pampiniform 
plexus  are  dilated,  thickened,  and  tortuous.  It  is  very  common, 
and  is  most  frequent  in  young  men.  It  is  almost  always  on  the  left 
side,  because  the  left  testicle  hangs  lower,  because  the  left  spermatic 
vein  opens  into  the  renal  vein  at  right  angles  and  has  no  valves, 
while  that  on  the  right  has  valves  and  opens  obliquely  into  the  vena 
cava,  and  because  the  left  vein  lies  behind  the  sigmoid  flexure  and  is 
apt  to  be  compressed  when  the  latter  is  distended.  The  cause  is 
said  to  be  unrelieved  sexual  desire.  It  may  be  due  also  to  the  pressure 
of  a  truss  or  an  abdominal  tumor,  and  is  then  usually  acute,  and 
occurs  on  either  side  at  any  time  of  life.  The  condition  is  readily 
recognized,  the  veins  feeling  like  a  "bag  of  earth  worms;"  it  has  a 
slight  impulse  on  coughing,  disappears  on  lying  down,  and  rcfils 
from  below  upwards  if  pressure  is  made  over  the  external  ring  and 
the  patient  is  asked  to  stand.  The  symptoms,  when  they  exist, 
are  neuralgia  and  hypochondria.  The  treatment  is  the  use  d 
suspensory  bandage,  and  the  application  of  cold  water  night  and 
morning.  There  is  no  danger  of  impotence.  Operation  is  indicated 
when  the  condition  is  the  source  of  constant  anxiety.  Our  plan  is  is 
follows:  The  inguinal  canal  is  opened  as  in  the  operation  for  hefniii 
the  testicle  pulled  up  into  the  wound,  and  the  veins  sq[)arat€d  fron 
the  vas  and  its  vessels  and  excised,  the  cremaster  musde  being 
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shortened  if  the  cord  is  very  long.  Search  is  always  made  for  a  small 
hernial  sac,  which  may  be  responsible  for  the  "neuralgia."  As 
the  inguinal  canal  has  been  dilated  by  the  varicocle,  it  is  obliterated 
as  in  the  operation  for  hernia,  since  removal  of  the  veins  leaves  an 
open  canal.  The  subcutaneous  operation  and  injections  are  not 
recommended. 

Acute  seminalvesiculitis  is  caused  by  posterior  urethritis,  usually 
gonorrheal  in  nature.  The  symptoms  are  pain  in  the  perineum, 
rectum,  hip,  or  back,  increased  by  urination  and  defecation;  frequent 
micturition;  and  sometimes  priapism  and  painful,  bloody  emissions. 
There  is  fever,  and  the  distended,  tender  vesicle  can  be  felt  by  rectal 
examination,  above  and  to  the  outer  side  of  the  prostate.  The 
treatment  is  that  of  acute  prostatitis.  If  suppuration  occurs,  the 
abscess  should  be  opened  through  the  perineum. 

Chronic  seminal  vesiculitis  follows  the  acute  form,  when  it 
constitutes  one  of  the  causes  of  gleet,  or  it  is  due  to  sexual  irregulari- 
ties or  prostatic  disease.  The  symptoms  are  those  of  the  acute  form, 
but  much  milder  in  degree.  There  is  sexual  feebleness  but  increased 
desire,  and  usually  marked  depression  of  the  spirits.  Recurring 
epididymitis  is  common.  We  have  seen  several  cases  in  which, 
because  of  backache  and  hematuria,  the  diagnosis  of  renal  calculus 
had  been  made.  Chronic  seminal  vesiculitis  has  been  held  responsi- 
ble for  many  chronic  joint  infections.  The  treatment  is  a  hot  rectal 
douche  daily,  and  massage  of  the  vesicles  once  a  week.  Massage  is 
performed  while  the  bladder  is  full  and  the  patient  bends  over  a  chair. 
A  finger  is  inserted  into  the  rectum  and  the  vesicles  gently  stripped 
from  above  downwards.  Autogenous  vaccins  are  recommended 
by  some  surgeons.  The  accompanying  neurasthenia  and  posterior 
urethritis  also  should  receive  attention.  In  inveterate  cases  coUar- 
gol  (10  per  cent.)  may  be  injected  into  the  vesicles  by  inserting  the 
needle  into  each  vas  deferens  (vasopuncture),  the  vesicles  may  be 
opened  and  drained  (vesiculotomy)  through  the  perineum,  or  excised 
(vesiculectomy)  by  one  of  the  routes  mentioned  below. 

Tuberculosis  of  the  seminal  vesicle  may  be  primary,  or  sec- 
ondary to  the  same  disease  in  the  prostate  or  epididymis,  the  symp- 
toms of  which  usually  bring  the  patient  to  the  surgeon.  On  rectal 
examination  the  vesicles  are  found  tender  and  dilated,  or  even 
nodular.  The  bacilli  may  occasionally  be  found  in  the  fluid  ex- 
pressed from  the  vesicles  by  massage.  The  treatment  includes  the 
general  measures  suitable  for  tuberculosis  elsewhere,  with  the  removal 
of  more  accessible  foci,  e.g.,  in  the  epididymis.  If  the  disease  con- 
tinues to  progress,  the  vesicles  may  be  removed  through  the  per- 
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ineum,  by  the  transsacral  route  as  in  Kraske's  operation  on  the  rectum 
or  by  a  suprapubic  or  inguinal  incision,  through  which  the  vesicles 
are  reached  extraperitoneally.  The  dangers  of  veseculectomy  and 
vesiculotomy  are  injury  to  the  urethra,  bladder,  ureter,  rectum,  and 
peritoneum. 

PROSTATE  GLAND 

Acute  prostatitis  is  caused  by  posterior  urethritis,  usually  gonor- 
rheal in  nature,  but  occasionally  following  the  passage  of  instruments 
or  calculi.  The  symptoms  are  frequent  micturition ;  prostatic  shreds 
or  pus  in  the  urine;  pain,  tenderness,  heat,  and  weight  in  the  pm- 
neum,  increased  by  defecation  and  urination;  chills  and  fever;  and 
sometimes  priapism,  hematuria,  or  retention  of  urine.  On  rectal 
examination  the  prostate  feels  hot,  swollen,  tender,  and,  if  suppura- 
tion has  occurred,  boggy  or  fluctuating.  A  prostatic  abscess  usually 
opens  into  the  urethra,  sometimes  into  the  rectum  or  through  the 
perineum,  and  rarely  into  the  bladder.  The  treatment  consists  of 
laxatives,  hot  rectal  douches,  opium  suppositories,  and  poultices  to 
the  perineum.  If  suppuration  occurs,  the  abscess  may  sometimes 
break  into  the  urethra  on  the  passage  of  a  catheter;  if  this  does  not 
occur,  or  if  the  abscess  is  large,  it  should  be  opened  by  a  median 
perineal  incision. 

Chronic  prostatitis  may  follow  the  acute  form,  but  is  usuaUy 
chronic  from  the  beginning.  The  symptoms  are  enlargement  and 
tenderness  of  the  prostate,  pain  on  urination  and  defecation,  and  the 
discharge  from  the  urethra  of  a  thin,  milky  fluid  containing  prostatic 
casts  (prostatorrhea) ,  especially  after  defecation.  Prostatorrhea  may 
occur  also  without  prostatitis,  and  then  has  the  same  causes  and  the 
same  treatment  as  urethrorrhea.  In  some  of  the^  cases  there  is 
atonic  impotence  and  frequent  nocturnal  emissions.  The  treatment 
is  tonics,  gentle  massage  of  the  prostate,  the  passage  of  a  large 
sound  twice  a  week,  and  instillations  of  a  few  drops  of  a  s  per  cent 
solution  of  silver  nitrate  into  the  posterior  urethra.  Hot  rectal 
douches,  suppositories  of  ichthyol,  and  counterirritation  to  the 
perineum  also  have  been  recommended.  Should  an  abscess  form,it 
is  treated  as  described  above. 

Tuberculosis  of  the  prostate  is  usually  secondary  to  that  of  the 
seminal  vesicles  and  epididymis.  The  prostate  becomes  nodular, 
and  later  suppuration  ensues.  The  symptoms  are  painful  and  fre- 
quent micturition,  hematuria,  pyuria,  and  pain  in  the  back  and  peri- 
neum. Tubercle  bacilli  may  be  found  in  the  urine.  The  ireaimeri 
is  that  of  tuberculosis  elsewhere.    In  suitable  cases  the  prostite 
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may  be  removed  through  the  perineum,  or  abscesses  opened,  curetted, 
and  packed  with  iodofonn  gauze. 

Prostatic  calculi  are  caused  by  the  deposition  of  phosphates  or  in- 
spissated prostatic  secretion.  They  may  cause  prostatitis,  abscess 
of  the  prostate,  or  retention  of  urine.  They  may  show  on  a  skia- 
gram, and  occasionally  they  may  be  felt  with  a  urethral  sound  or  by 
rectal  examination.  When  producing  trouble,  they  should  be  re- 
moved by  a  median  perineal  section. 

Hypertr<^hy  of  the  prostate  is  a  senile  enlargement  of  the  gland, 
the  cause  of  which  is  not  known.  It  is  very  rare  before  fifty,  but  is 
said  to  be  present  in  one-third  of  all  men  who  have  reached  the 
sixtieth  year,  producing  symptoms,  however,  in  only  one-half  of 
these.  All  the  elements  of  the  gland  hypertrophy,  but,  according 
to  the  tissue  which  predominates, 
the  growth  may  be  hard  and  fibrous 
or  soft  and  adenomatous.  As  a 
nde  the  changes  are  more  marked 
in  certain  portions  of  the  gland, 
so  that  the  specimen  consists  of  a 
number  of  encapsulated  tumors, 
which  may  be  jibroadenomatous  or 
adenofibromatous,  depending  upon 
which  tissue  is  in  excess.  In  about 
20  per  cent,  of  those  removed  at 
operation  carcinomatous  elements  Pio.  510.— Hypertrophy  of  the  pros- 
aretomid.     Prostatic  hypertrophy   S..,S."S;ZS"d!„?:;'^."vt 

lengthens    the    prostatic    urethra,     and   increased    length   of   the   prostatic 

and  sometimes  gives  it  a  tortuous 

course,  owing  to  the  irregular  enlargement  of  different  portions  of  the 
gland.  The  outlet  of  the  bladder  is  always  elevated,  thus  creating 
a  pouch  behind  the  prostate  and  preventing  complete  evacuation  of 
the  bladder  (Fig.  510).  In  some  cases  the  commissure  between  the 
lateral  lobes  may  constitute  a  bar  across  the  urethra,  or  a  peduncu- 
lated growth,  the  so-caUed  third  lobe,  which  obstructs  the  internal 
urinary  meatus  like  a  ball-valve.  The  anterior  commissure  is  rarely 
involved. 

The  GTmptoins  are  frequent  urination,  especially  at  night,  and 
difficulty  in  urination.  The  stream  is  hard  to  start,  has  little  force, 
and  is  terminated  by  dribbling.  The  difficulty  is  increased  rather 
than  lessened  by  straining,  which  may  be  so  great  as  to  cause  hema- 
turia, hernia,  or  prolapse  of  the  anus.  There  may  be  pain  and  a 
sense  of  fulness  in  the  perineum,  and  priapism  sometimes  occurs 
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owing  to  the  congestion  about  the  neck  of  the  bladder.    These 
symptoms  are  insidious  in  onset  and  gradually   grow  worse,  the 
residual  urine  progressively  increasing  in  amount.     At  this  period 
indulgence  in  alcohol  or  catching  cold  is  apt  to  increase  the  congestion 
and  lead  to  retention  of  urine,  which,  unless  relieved  by  the  catheter, 
results  in  overflow  (the  incontinence  of  retention).     The  patient 
may  have  several  of  these  attacks,  until  finally  the  bladder  remains 
full  all  the  time,  the  urine  constantly  dribbling  away.     Thebladderis 
now  dilated,  atonic,  and  fasciculated,  and  the  back  pressure  of  the 
urine  leads  to  dilatation  of  the  ureters  and  of  the  pelves  of  the 
kidneys.     Either  spontaneously  or  as  the  result  of  instrumentation 
the  bladder  and  prostate  become  inflamed,  and  the  urine  ammoniacal 
and  purulent,  the  patient  finally  dying  from  an  ascending  infection  of 
the  kidneys.     Phosphatic  vesical  calculi  may  form,  and  epidid}Tnitis 
may   occur,   particularly   after   the   passage   of   a   catheter.    The 
diagnosis  is  confirmed  by  rectal  examination,  which  is  greatly  fac- 
ilitated by  making  firm  pressure  over  the  hypogastrium  (bimanual 
examination),  the  bladder  being  empty,  the  legs  flexed,  and  the 
mouth  open.     The  finger  readily  detects  the  enlarged  lateral  lobes  of 
the  gland.     In  about  20  per  cent,  of  the  cases  rectal  examination  is 
fallacious,  because  the  chief  enlargement  is  forwards  and  not  back- 
wards.    In  these  cases  the  obstruction  at  the  neck  of  the  bladder  wiD 
be  appreciated  by  the  passage  of  a  catheter,  which  may  be  used  to 
ascertain  also  the  length  of  the  urethra  and  the  amount  of  residual 
urine,  i.e.,  the  quantity  of  urine  which  may  be  drawn  off  immediately 
after  the  patient  has  passed  water.     The  bladder  should  a]wa)'S  be 
searched  for  stones.     In  cases  in  which  it  can  be  used,  the  cystoscope 
may  be  employed  to  outline  accurately  the  nature  of  the  obstruction. 
The  X-ray  is  of  value,  not  only  for  the  detection  of  stones,  but  also, 
especially  if  the  bladder  is  distended  with  air,  for  showing  the  size 
of  a  hard  prostate.     "When  there  are  symptoms  of  prostatic  re- 
tention without  any  hypertrophy  of  the  prostate,   the  essential 
lesion  is  a  contracture  of  the  neck  of  the  bladder^'  (Keyes).    This  is 
usually    due  to  posterior    urethritis    and  is    curable  by    perineal 
cystotomy. 

The  treatment  in  the  early  stages  consists  in  attention  to  the 
general  health,  the  drinking  of  plenty  of  water,  and  the  avoidance  of 
cold,  wet,  alcohol,  and  overeating.  When  the  residual  urine 
amounts  to  two  ounces,  the  bladder  should  be  catheterized  eveiy 
evening  before  retiring;  each  additional  two  ounces  of  residiul 
urine  will  require  an  additional  catheterization,  the  intervals  ahrftjs 
being  regular.    This  the  patient  must  be  taught  to  do  in  a  singpc4r 
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clean  manner,  laying  emphasis  upon  the  ease  with  which  infection 
occurs,  and  the  great  dangers  which  follow.  Hexamethylenamine, 
grains  10  three  times  a  day,  or  other  urinary  antiseptics  should  be 
administered,  and  the  bladder  irrigated  with  hot  boric  acid  solution 
once  daily.  If  the  ordinary  soft  catheter  cannot  be  passed,  and  this 
applies  equally  in  cases  of  acute  retention,  a  soft  coud6  or  bicoud6 
(Figs.  492  and  493)  catheter  may  mount  the  obstruction  and  enter 
the  bladder;  if  these  fail,  it  will  be  necessary  to  use  a  silver  prostatic 
catheter  (Fig.  511),  which,  owing  to  its  greater  length  and  larger 
curve,  may  reach  the  bladder  when  pressed  well  down  between  the 
thighs.  If  catheterization  is  difficult,  if  there  is  marked  irritability  of 
the  bladder,  if  the  residual  urine  steadily  increases  in  quantity,  or  if 
there  is  stone  or  persistent  cystitis,  catheterization  should  be  aban- 
doned and  operation  advised.  Seriously  damaged  kidneys  or  the 
presence  of  septicemia  is  an  indication  that  operation  has  been 
postponed  too  long. 


Pig.  511. — Prostatic  catheter. 

Prostatotomy,  or  incision  of  the  prostate,  may  be  performed  with 
the  knife  or  the  cautery,  either  through  the  perineum,  or  after  the 
bladder  has  been  opened  above  the  pubes,  the  situation  of  the  cut 
var3ang  according  to  which  lobe  is  chiefly  enlarged;  but  these 
operations  are  seldom  employed.  Most  surgeons  think  prostatec- 
tomy, as  complete  as  possible,  to  be  the  operation  of  choice. 

Prostatectomy^  or  removal  of  the  prostate,  may  be  complete  or 
partial,  and  effected  either  through  the  perineum  (intra-  or  extra- 
vesicaUy)  or  by  the  suprapubic  route.  The  mortality  is  from  5  to  10 
per  cent.,  but  the  vast  majority  of  those  who  recover  are  cured. 
The  operation  may  be  rendered  safer  by  estimating  the  functional 
capacity  of  the  kidneys  (q.v.);  performing  suprapubic  cystotomy, 
under  local  anesthesia,  for  drainage;  and,  after  a  week,  or  when  the 
patient's  general  condition  has  improved  and  the  renal  activity  has 
been  restored  as  much  as  possible,  removing  the  prostate  under 
nitrous  oxid-oxygen  anesthesia.  Most  of  the  deaths  after  operation 
are  due  to  uremia,  pneumonia,  sepsis,  or  a  combination  of  these  evils. 
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Among  the  sequelae  are  impotence,  incontinence  of  urine,  epididy- 
mitis, urinary  fistula,  rectal  fistula,  and  urethral  stricture. 

Suprapubic  prostatectomy  is  the  operation  generally  employed. 
It  is  performed  by  opening  the  bladder  as  in  suprapubic  cystotomy, 
tearing  through  the  mucous  membrane  over  the  prostate  with  the 
finger-nail  or  blunt  scissors,  and  enucleating  the  gland  by  working 
between  the  true  and  the  false  prostatic  capsules,  while  the  prostate 
is  pushed  upwards  by  a  finger  in  the  rectum.  If  the  lateral  lobes  are 
removed  separately,  the  ejaculatory  ducts  may  occasionally  be 
preserved.  The  hemorrhage  is  controlled  by  irrigation  with  hot 
water,  or  temporary  gauze  packing,  and  the  bladder  drained  as  after 
suprapubic  cystotomy.  The  operation  is  easy,  quick,  requires  no 
special  instruments,  permits  full  exploration  of  the  bladder,  does  not 
injure  the  rectum,  is  rarely  followed  by  a  permanent  fistula,  and  does 
not  always  destroy  the  sexual  function.  The  urine  begins  to  pass 
through  the  urethra  in  from  one  to  two  weeks,  and  the  suprapubic 
wound  is  healed  in  from  two  to  four  weeks. 

Perineal  prostatectomy  may  be  performed  through  a  curved 
transverse  incision,  convexity  forward,  reaching  from  one  ischial 
tuberosity  to  the  other,  or  one  of  its  modifications,  but  the  easiest 
and  simplest  is  the  median  incision  as  in  perineal  cystotomy.  The 
membranous  urethra  is  opened,  and  the  prostate  pulled  downwards 
by  a  sound  passed  into  the  bladder,  or  by  special  tractors  de\nsed 
for  this  purpose,  and  enucleated  after  incising  its  fibrous  sheath.  The 
bladder  is  drained  by  a  tube  emerging  through  the  perineum,  and 
the  wound  packed  with  gauze.  The  drain  may  be  removed  in  a  few 
days,  the  after  treatment  being  the  same  as  that  of  perineal  cysto- 
tomy. Young  incises  the  capsule  outside  of  the  seminal  ducts,  in 
order  to  preserve  these  structures,  and  removes  the  rest  of  the  gland. 
Dittel,  Rydygier,  and  others  make  a  transverse  perineal  incision,  and 
excise  V-shaped  portions  of  the  lateral  lobes  without  opening  the 
urethra  or  bladder  (exiravesical  prostatectomy).  The  perineal  opera- 
tion is  more  difficulty  than  suprapubic  prostatectomy,  and  has  the 
special  danger  of  injury  to  the  rectum. 

If  the  symptoms  are  severe,  and  prostatectomy  cannot  be  prac- 
ticed because  of  the  poor  general  condition  of  the  patient,  the  only 
operation  which  promises  relief  is  cystotomy,  either  suprapubic 
or  perineal,  for  the  purpose  of  drainage. 

Carcinoma  of  the  prostate,  as  previously  mentioned,  is  found  in 
about  20  per  cent,  of  the  glands  removed  for  supposed  benign  hyper- 
trophy. Sarcoma  is  rare,  and  may  occur  in  early  life.  The  syi^h 
toms  of  carcinoma  are  much  like  those  of  hypertrophy  of  the  prostate* 
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but  the  pain  is  greater,  the  growth  more  rapid,  hematuria  more 
common,  and  the  gland  stony  hard  and  nodular.  In  the  later  stages 
the  tumor  breaks  through  the  capsule,  invades  the  bladder,  urethra, 
and  rectum,  causes  metastases  in  the  pelvic  and  inguinal  lymphatic 
glands,  and  induces  cachexia.  The  treatment^  if  the  patient  is  seen 
early  enough,  is  removal  of  the  entire  prostate,  the  seminal  vesicles, 
and  the  anterior  tw6-thirds  of  the  trigone,  through  the  perineum,. 
the  bladder  being  anastomosed  with  the  membranous  urethra. 
Young  has  performed  this  operation  six  times,  one  patient  being  well 
at  the  end  of  five  years.  When  excision  is  out  of  the  question,  some 
relief  may  be  obtained  by  suprapubic  cystotomy  and  radiotherapy. 

FEMALE  GENITAL  ORGANS 

Examination  of  the  female  generative  organs  is  usually  made 
with  the  patient  in  the  dorsal  position,  the  knees  being  drawn  up  and 


Fig.  si 2. — Goodell's  speculum. 

the  thighs  abducted,  and  the  bladder  and  rectum  having  previously 
been  emptied.  The  external  genitals  should  first  be  inspected.  By 
separating  the  labia,  the  urethra,  the  hymen  or  its  remains,  and  the 
perineum  may  be  seen,  and  if  the  patient  strains,  a  cystocele  or 
rectocele  may  be  detected.  For  inspecting  the  inner  parts  a  specu- 
lum is  necessary,  the  most  ser\'iceable  of  which  is  one  of  the  bivalve 
variety  (Fig.  512).  The  instrument  is  warmed  and  lubricated,  and 
introduced  with  the  blades  closed  and  facing  laterally;  it  is  then 
turned  so  that  the  edges  are  lateral,  and  the  blades  separated.  The 
Sims  speculum  is  used  with  the  patient  in  the  Sims  position  (Fig.  513), 
i.e.,  lying  upon  the  left  side,  with  the  left  arm  behind  the  back,  the 
right  shoulder  near  the  table,  and  the  hips  flexed,  the  right  more  than 
the  left.  The  speculum  is  introduced,  then  turned  transversely,  so 
as  to  retract  the  posterior  vaginal  wall,  the  right  buttock  being  lifted 
with  the  disengaged  hand.  The  cylindrical  speculum  of  Fergusson 
consisting  of  glass  or  hard  rubber,  and  having  the  inner  extremity 
beveled,  is  seldom  employed.  By  vaginal  palpation  may  be  deter- 
mined the  condition  of  the  perineum,  whether  or  not  the  vulvo- 
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vaginal  glands  are  enlarged,  the  presence  of  spasm  and  tenderness, 
the  amount  of  heat  and  moisture,  the  condition  of  the  vaginal  walls, 
the  presence  or  absence  of  tumors  or  masses,  and  the  size,  shape,  posi- 
tion, mobility,  and  consistency  of  the  cervix  and  uterus.  Either  the 
index,  or  the  index  and  middle  fingers,  according  to  whether  the 
patient  is  single  or  married,  are  lubricated  and  passed  mto  the  vagina 
over  the  perineum;  by  placing  the  other  hand  over  the  lower  abdo- 


men (Aiwwwwai  exominalion)  the  uterus,  tubes,  and  ovaries  may  be 
palpated  between  the  fingers  and  their  condition  determined.  The 
right  side  of  the  pelvis  is  best  examined  with  the  right  hand  internally, 
the  left  with  the  left  hand  internally.  In  virgins,  instead  of  a 
vaginal  examination,  and  always  in  others  as  supplemental  toa  vaginal 
examination,  it  is  desirable  to  pass  a  finger  into  the  rectum  and 
examine  the  parts  bimanually.     This  examination  is  facilitated,  if 


at  the  same  time  the  cervix  is  drawn  downward  by  volsella  forceps 
(Fig.  514)-  In  order  to  determine  the  degree  of  prolapsus  uteii  some 
surgeons  examine  the  patient  in  the  erect  posture.  The  patient 
stands  with  the  legs  apart,  while  the  examiner,  kneeling  on  one 
knee  and  facing  the  patient,  passes  the  fingers  into  the  vagina,  sop- 
porting  his  elbow  with  the  other  knee.  Before  or  after  the  internal 
examination  the  abdomen  should  always  be  examined  externally  by 


GENITAL  ORGANS  92 1 

inspection,  palpation,  and  percussion,  and  sometimes  by  ausculta- 
tion.    When   these  examinations   are  unsatisfactory,   it   may   be 
necessary  to  anesthetize  the  patient  in  order  to  secure  complete 
relaxation.    The  uterine  sound  (Fig.  515)  may  be  used  to  determine 
the  length,  permeability,  and  direction  of  the  uterine  canal,  the 
presence  of  growths,  the  condition  of  the  endometrium,  and  occa- 
sionally to  replace  a  displaced  uterus.     It  is  seldom  employed,  how- 
ever, because  of  the  dangers  of  sepsis,  perforation,  or  abortion,  and 
it  is  absolutely  contraindicated  in  acute  inflammatory  troubles,  in 
cancer,  during  the  menstrual  period,  and  in  cases  in  which  there  is  the 
slightest  suspicion  of  pregnancy.     The  vagina  and  the  sound  should 
be  sterilized,  and  the  instrument,  properly  curved,  introduced  under 
the  guidance  of  the  eye,  the  position  of  the  uterus  having  been  pre- 


PiG.  515. — Sims'  uterine  sound. 

viously  determined.  The  interior  of  the  uterus  may  be  explored 
also  with  the  finger,  after  the  cervix  has  been  dilated,  or  a  portion 
of  the  endometrium  may  be  removed  with  a  curette  for  micro- 
scopic examination. 

THE  VULVA 

Any  or  all  parts  of  the  vulva  may  be  absent,  rudimentary,  or 
hypertrophied.  Enormous  hypertrophy  of  the  labia  minora  is  seen 
in  the  Hottentot  apron.  Epispadias  and  hypospadias  also  occur. 
Thus  hermaphrodism  (presence  of  both  ovaries  and  testicles)  does  not 
occur,  but  pseudoltermaphrodisnty  in  which  the  external  genitals 
resemble  those  of  both  sexes,  is  sometimes  seen. 

The  vulva  is  subject  to  the  same  diseases  and  injuries  as  other 
parts  covered  by  skin  and  mucous  membrane,  and  only  a  few  of 
these  need  special  description. 

Vulvitis  is  usually  gonorrheal  in  origin,  but  may  be  caused  by 
irritating  discharges,  uncleanliness,  diabetic  urine,  parasites,  infec- 
tious fevers,  traumatism,  caustics,  pregnancy,  and  excessive  mas- 
turbation or  coitus.  Follicular  vulvitis  is  acne.  Cellulitis  of  the 
vulva  is  called  phlegmonous  vulvitis.  During  the  acute  exanthemata 
or  other  debilitating  diseases  the  parts  may  become  gangrenous 
(gangrenous  vulvitis y  noma  pudendi),  or  covered  with  a  false  mem- 
brane (croupous  vulvitis);  true  diphtheria  also  occurs.    The  symp- 
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toms  are  localized  pain  and  burning,  more  marked  on  walking  or 
during  micturition.  The  parts  are  swollen,  reddened,  and  covered 
with  a  mucopurulent  discharge.  The  treatment  is  removal  of  the 
cause,  and  cleanliness.  Rest  in  bed,  sitz  baths,  and  local  applica- 
tions of  the  medicaments  recommended  for  injection  in  gonorrhea 
are  indicated.  In  the  severer  forms  tonics  and  stimulants  are 
needed,  while  cellulitis  will  call  for  incision,  and  gangrene  for  excision 
and  cauterization. 

Abscess  of  the  vtilvovaginal  or  Bartholin's  gland  is  caused  by 
vulvitis,  and  presents  the  usual  signs  of  an  abscess.  The  treatment 
is  incision,  or  excision  with  partial  closure  of  the  wound  and  drainage. 
A  cyst  of  the  vulvovaginal  gland  caused  by  occlusion  of  its  duct 
likewise  is  treated  by  excision. 

Pruritus  vulvae,  or  intense  itching  of  the  vulva,  is  a  sjinptom 
rather  than  a  disease,  and  may  be  caused  by  uncleanliness,  local 
skin  diseases,  irritating  discharges,  diabetic  urine,  parasites,  mas- 
turbation, rectal  diseases,  digestive  disorders,  gout  and  rheumatism, 
pregnancy,  the  menopause,  diseases  of  the  internal  generative  organs, 
and  kraurosis  vulvae.  The  itching  is  worse  after  exercise  and  at  night 
and  leads  to  excoriation  and  trophic  changes  in  the  skin;  melan- 
cholia sometimes  follows.  The  treatment  is  removal  of  the  cause, 
attention  to  the  general  health,  and  local  cleanliness.  The  itching 
may  be  reheved  by  lead-water  and  laudanum,  carbob'c  solution 
(5  per  cent.),  cocain  (5  per  cent.),  by  painting  the  parts  with  silver 
nitrate  (10  grains  to  the  ounce)  and  sometimes  by  radiotherapy. 
Excision  of  the  affected  skin,  or  resection  of  the  nerves  supplying  it 
with  sensation  has  been  performed  in  inveterate  cases. 

Kraurosis  vulvae  is  an  atrophic  change  in  the  vulvar  skin  leading 
to  shrinking  and  thickening  of  the  parts,  which  become  white  and 
smooth.  The  cause  is  unknown,  and  the  symptoms  are  usually 
pruritus  and  sometimes  intense  hyperesthesia.  The  treatment  is 
that  of  pruritus. 

Urethral  caruncle  is  a  dark-red  tumor  growing  from  the  mucous 
membrane  in  or  near  the  urethral  meatus.  The  growth  is  a  papil- 
loma, angioma,  or  adenoma,  and  is  exceedingly  sensitive,  causing 
dysuria,  pain  on  walking  or  intercourse,  and  marked  nervous  symp- 
toms.    The  treatment  is  excision. 

THE  VAGINA 

The  vagina  may  be  double  owing  to  failure  of  union  <rf  the  lower 
portions  of  Miiller's  ducts,  lateral  if  one  of  the  ducts  fails  to  devdopi 
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or  absent  or  rudimentary y  in  whole  or  in  part  (see  also  "Atresia  Ani 
Vaginalis  '*) . 

Atresia  of  the  vagina  (complete  closure)  occurs  at  the  hymen 
{atresia  hymenalis)  or  at  a  higher  level  {atresia  vaginalis).  It  may 
be  congenital,  or  be  caused  by  cicatricial  contraction  the  result  of 
traumatism,  operations,  caustics,  or  the  severer  forms  of  vaginitis. 
The  symptoms  are  caused  by  retention  of  menstrual  fluid.  At  the 
time  of  the  periods  there  are  all  the  symptoms  of  menstruation 
except  the  appearance  of  blood.  The  vagina  becomes  distended 
{hematocolpos)  J  and  after  a  time  the  uterus  {hematometra) ,  and  then 
the  tubes  {hematosalpinx).  When  the  distention  becomes  extreme, 
the  blood  may  burst  through  any  pottion  of  the  genital  tract,  or 
through  the  atresia,  an  accident  which  is  often  followed  by  infection 
and  death. 

The  treatment  is  puncture  or  incision  of  the  obstruction,  in  order 
to  allow  the  blood,  which  may  be  as  thick  as  tar,  to  escape  slowly. 
The  opening  is  then  enlarged,  the  cavity  irrigated  with  a  mild 
antiseptic  solution,  and  the  opening  maintained  by  gauze,  or  by  a 
rubber  or  glass  plug.  If  the  tubes  are  distended,  they  are  probably 
adherent,  hence  collapse  of  the  uterus  and  vagina  often  results  in 
their  rupture  and  peritonitis;  the  condition  of  the  tubes  should 
therefore  be  investigated  before  operating  on  the  atresia,  and  if 
distended,  they  should  first  be  removed  by  abdominal  section.  In 
absence  or  obliteration  of  the  vagina  efforts  have  been  made  to 
construct  a  canal  by  flaps  from  the  labia,  by  skin  grafting,  by  the 
substitution  of  a  portion  of  the  rectum,  and  by  the  transplantation 
of  a  segment  of  the  small  intestine.  We  have  obtained  an  almost 
perfect  result  by  the  method  last  mentioned. 

Stenosis  of  the  vagina  (incomplete  closure)  results  from  the 
same  causes  as  atresia,  and  may  interfere  with  intercourse,  drainage 
of  the  vagina,  and  labor.  The  treatment  is  gradual  dilatation  with 
bougies,  or  a  plastic  operation. 

Injuries  of  the  vagina  may  be  caused  in  a  great  variety  of  ways, 
e.g.,  by  coitus,  bullets,  falls  astride  some  sharp  object,  and  rough 
instrumentation.  They  are  treated  on  general  surgical  principles. 
If  the  peritoneal  cavity  has  been  penetrated  by  some  pointed  object, 
the  abdomen  should  be  opened  in  order  to  search  for  wounds  of  the 
mtestines.  By  far  the  most  frequent  and  important  injuries  are 
those  occurring  during  labor. 

Laceration  of  the  perineum  is  usually  caused  by  childbirth, 
rarely  by  external  injuries.  According  to  position  the  laceration 
may  be  lateral,  the  fibers  of  the  levator  ani,  on  one  or  both  sides,  being 
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torn;  median;  or  central,  a  rare  form  in  which  the  child  is  bora 
through  a  perforation  of  the  perineum,  the  vulva  remaining  intact 
According  to  degree  the  laceration  may  be  incomplete  or  conpUie 
the  latter  passing  through  the  sphincter  aoi.  Perineal  relaxation  is  a 
term  used  for  those  cases  in  which  there  has  been  a  submucous 
tear  of  the  levator  ani  fibers. 

The  symptoms  are  a  feeling  of  insecurity  in  the  parts,  dragging 
pain,  and  reflex  nervous  disorders.  Incomplete  median  tears  may 
give  no  symptoms.  When  the  levator  ani  is  torn,  the  anus  falls  bad- 
wards,  the  rectum  bulges  forward  as  a  tumor  {rectocele — Fig.  516), 
causing  constipation,  and  the  stretching  of  the  posterior  wall  leads 
to  retroversion  and  prolapse  of  the  uterus.  These  conditions  cause 
congestion,  and  hence  hemorrhoids  and  endometritis.  The  anterior 
vaginal  wall  also  may  prolapse  from  lack  of  support  of  the  posterior 


Pic.  517.— TDiagram    of   cystocele   ud 
and  large  rectoceie,  rectocele.     Dotted  lines  represeot  readtul 

urine.     The  uterus  is  displaced  dawnwirds 
and  backwards. 

wall,  or  from  descent  of  the  uterus,  cau^g  a  bulging  downwards 
and  outwards  of  the  bladder  {cystocele),  a  condition  which  may  exist 
likewise  without  laceration  of  the  perineum,  owing  to  the  submucous 
strippirg  of  the  anterior  vaginal  wall  from  the  underlying  parts 
during  labor.  A  cystocele  causes  dysuria,  and  sometimes  cystitis 
from  the  decomposition  of  residual  urine  (Fig.  517).  A  complete 
tear  causes  incontinence  of  feces  and  gas.  The  gaping  of  the  vaginal 
orifice,  the  backward  displacement  of  the  anus,  and  the  rectocele  at 
cystocele  are  readily  detected  by  inspection,  especially  when  the 
patient  strains.  By  palpation  with  a  finger  in  the  vagina  and  the 
thumb  externally  or  in  the  rectum,  the  gap  in  the  muscles  may  be 
felt. 

The  treatment  should  be  immediate  repair  after  labor  (perimtr' 
rhaphy,   or  posterior  colporrhaphy) ,  the  divided  structuies  bebg 
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approximated  with  twenty-day  catgut.  Non-chromicized  catgut 
is  absorbed  very  rapidly  in  these  cases  and  should  not  be  employed. 
Of  the  secondary  operatums,  i.e.,  those  in  which  the  laceration  is 
repaired  after  the  completion  of  cicatrization,  the  most  important 
are  described  below. 

Lateral  tears  are  best  repaired  by  the  Emmet  operation.  With 
the  patient  in  the  hthotomy  position,  guide  sutures  or  tenacula  are 
passed  through  the  apex  of  the  rectocele,  and  through  each  labium 
majus  at  the  lowest  carunculse  myrtiformes.  By  drawing  on,  the 
lateral  suture  and  pulling  the  central  suture  downward  and  to  the 
<^)posite  side,  the  lateral  siJcus  appears  as  a  triangle  with  the  apex 
up  in  the  vagina.     This  triangle  is  denuded  of  mucous  membrane  by 


Fic.  518. — Emmet'a  operation,  showing 
■res  of  denudation.     A.A.A,  Guide  sutures;  stitcn. 

B,  upper  suture  pissed  in  latentt  sulcus. 

cutting  off  long  strips  by  means  of  forceps  and  scissors,  or  by  dis- 
secting the  mucous  membrane  off  in  one  pieci-.  The  triangle  on  the 
opposite  side  is  treated  in  the  same  manner,  and  the  denudation 
completed  by  removing  the  mucous  membrane  between  the  bases 
of  the  triangles  and  below  the  central  suture  (Fig.  518).  Each 
lateral  triangle  is  closed  by  a  continuous  suture  of  chromicized 
catgut.  The  needle,  which  should  be  curved,  is  entered  near  the 
margin  of  the  wound  on  the  outer  side,  passed  deeply  to  catch  the 
fibers  of  the  levator  ani,  and  brought  out  at  the  bottom  of  the  sulcus, 
at  a  point  nearer  the  operator;  it  is  then  reinserted  at  the  bottom  of 
the  sulcus,  and  passed  upwards  and  backwards  in  the  rectocele,  to 
emerge  opposite  the  point  of  the  original  insertion.    The  opposite 
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triangle  is  treated  in  the  same  manner,  which  leaves  a  small  raw 
aiea  externally  to  be  closed  (Fig.  519).  The  upper  or  "  crown  stitch"' 
passes  through  the  skin  of  the  perineum  below  the  lateral  guide 
suture,  then  through  the  rectocele  below  the  central  guide  suture,  and 
Jinally  through  the  tissues  below  the  opposite  guide  stitch.  As 
many  sutures  as  may  be  necessary  are  inserted  below  this.  The 
external  genitals  are  irrigated  with  weak  bichlorid  of  mercurj-  solu- 
tion after  each  urination;  catheterization  should,  if  possible,  be 
avoided.  The  bowels  are  moved  on  the  second  day,  Intemil 
douches  are  not  needed  unless  there  be  infection.  The  patient 
should  be  kept  in  bed  two  weeks,  and  heavy  work  and  sexual  inter- 
course forbidden  for  three  months. 


Fig.  SJO.—Hegar's  operation.  Pic-  S*»- — Plap^plittina   method  <* 

periaeonhaphy.  Flap  elevated  ud 
EutoKS  pa^ed  through  the  levator  an 
on  each  side. 

Hegar's  operation  (Fig.  520)  is  indicated  in  median  tears.  Lat- 
eral guide  sutures  are  placed  as  in  the  Emmet  operation  and  » 
central  guide  suture  is  inserted  in  the  middle  line  of  the  posteiw 
vaginal  wall  as  high  as  may  be  necessary.  The  triangle  thus  out- 
lined is  denuded,  and  the  raw  surface  closed  by  interrupted  sutures 
passing  beneath  the  entire  denuded  area,  care  being  taken  tocatd 
the  transverse  perineal  muscle. 

The  flap-splitting  method  may  be  employed  in  either  lateialoi 
median  tears.  An  incision  is  made  around  the  lower  margin  of  the 
vulva,  joining  the  terminations  of  the  nymphse;  the  Sap  sq)uattd 
from  the  rectum  and  drawn  upwards;  the  levator  ani  on  each  ode 
clearly  defined,  and  the  muscular  edges  sutured  together  (Fig.  jii): 
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e  skin  and  tissues  over  the  muscles  approximated;  and  the  flap 
ced  in  position  with  a  few  additional  sutures. 

In  the  operationf  or  complete  laceration  the  rectovaginal  septum 
split  laterally,  thus  separating  the  vagina  from  the  rectum  for  a 
ort  distance  and  exposing  the  ends  of  the  sphincter  ani.  The 
>und  in  the  rectum  is  then  closed  by  two  layers  of  chromicized 
tgut  sutures,  one  for  the  mucous  membrane  and  a  second  for  the 
ter  coats.  The  sphincter  ani  is  approximated  by  two  or  three 
ditional  catgut  sutures.  The  operation  is  then  completed  by  any 
e  of  the  methods  just  described,  the  lowest  external  suture  being 
ssed  through  the  sphincter  ani.  In  order  to  avoid  fecal  contamina- 
m  of  the  wound  and  the  possibility  of  rectovaginal  fistula,  Ristine, 
atkins,  and  others  make  a  vaginal  flap  with  the  base  downwards, 
le  depressions  corresponding  to  the  torn  ends  of  the  sphincter  ani 
e  joined  by  a  curved  incision,  through  the  vaginal  mucosa,  extend- 
5  a  half  inch  or  more  above  the  anal  margin.  This  ** apron"  is 
Bected  downwards  over  the  anus,  and  the  sphincter  ani  united 
thout  opening  the  rectum,  thus  converting  a  complete  into  and 
complete  tear,  which  is  closed  as  in  the  Hegar  or,  better,  as  in  the 
.p-splitting  operation.  The  "apron"  may  be  fastened  up  over  the 
rineal  sutures,  so  as  to  protect  the  wound  from  the  rectal 
scharges. 

Anterior  colporrhaphy,  or  the  operation  for  cystocele,  consists  in 
moving  an  elliptical  piece  of  the  anterior  vaginal  wall,  extending 
om  just  behind  the  urinary  meatus  almost  to  the  cervix,  the  width 
spending  upon  the  degree  of  relaxation.  The  cervix  is  pulled  down 
ith  a  tenaculum,  the  cellular  space  between  the  bladder  and  the 
igina  opened  by  a  short  longitudinal  incision  near  the  cervix,  at 
hich  point  there  is  little  danger  of  wounding  the  bladder,  blunt 
issors  pushed  through  this  incision  almost  to  the  external  meatus, 
e  blades  separated  and  withdrawn,  and  the  space  thus  created 
posed  by  continuing  the  longitudinal  incision  towards  the  meatus. 
ich  lateral  flap  is  now  raised  from  the  bladder  by  blunt  dissection, 
d  resected  by  a  curved  incision  as  far  out  as  may  be  necessary, 
le  woimd  is  then  closed  with  two  or  three  layers  of  continuous 
tgut  sutures. 

Fistulas  are  usually  caused  by  sloughing  following  a  long  labor, 
t  are  occasionaUy  due  to  other  injuries,  and  sometimes  to  disease, 
'h  as  syphilis,  tuberculosis,  or  cancer.  Those  due  to  disease  are 
t,  as  a  rule,  suitable  for  plastic  operations.  Urinary  fistute  may 
ureikrovagifuUf  vesicovaginal  (the  most  common),  vesicouterine , 
fercvaginalf  or  urderoiikrine.    The  most  common  fecal  fistula  is 
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the  rectovaginal,  but  occasionally,  as  a  result  of  a  vaginal  operation  or 
injury,  the  vagina  communicates  with  the  small  bowel  {entero- 
vaginal  fistula).  These  fistula,  with  the  exception  of  the  urethro- 
vaginal, in  which  leakage  occurs  only  during  micturition,  cause, 
according  to  their  character,  an  involuntary  escape  of  urine,  feces,  or 
gas  from  the  vagina,  and  all  give  rise  to  vulvovaginitis  as  the  result 
of  the  irritation  of  the  discharges.  Urinary  fistulae  may  be  compE- 
cated  by  cystitis,  ureteritis,  and  pyelonephritis.  The  diagnosis  is 
made  by  passing  a  probe  or  finger  through  the  fistula,  or,  when  the 
orifice  is  very  small,  by  injecting  a  colored  fluid  into  the  bladder  or 
rectum  and  watching  for  its  escape  through  the  fistula.  In  ureteral 
fistulas  a  small  quantity  of  urine  constantly  dribbles  from  the  vagina 
despite  the  fact  that  micturition  is  normal,  and  the  color  and  quan- 
tity of  the  fluid  escaping  from  the  fistula  is  not  influenced  by  the 
injection  of  a  colored  solution  into  the  bladder. 

The  treatment  of  recent  small  fistulae  is  daily  irrigation  of  the 
vagina  with  boric  acid  solution  or  salt  solution,  never  with  strong 
antiseptics;  if  spontaneous  healing  does  not  occur  after  three  months, 
operation  should  be  advised.    Large  or  old  fistulae,  with  the  excep- 
tions noted  above,  always  require  operation.     Often,  however,  itis 
first  necessary  to  remove  phosphatic  deposits,  to  combat  c>'stitis 
and  ulcerations,  and  to  improve  the  general  health.     A  vesicovaginal 
fistula  may  be  closed  by  paring  the  edges  of  the  orifice,  and  thai 
uniting  them  with  silkworm  gut  sutures,  which  penetrate  to,  but  not 
through,  the  bladder  mucous  membrane.     The  patient  is  usually 
placed  in  the  Sims  position  during  the  operation,  and  a  retention 
catheter  remains  in  the  bladder  after  operation.     The  sutures  arc 
removed  in  ten  days.     If  the  edges  do  not  come  together  without 
tension,   a   longitudinal   incision,   which  is   subsequently  sutured 
transversely,  may  be  made  on  each  side  of  the  opening.    In  some 
cases  it  may  be  necessary  to  separate  the  bladder  from  the  vagina 
for  some  distance,  and  suture  each  cavity  separately.     Suture  of 
the  fistula  from  above,  after  the  bladder  has  been  opened  above  the 
pubes,  may  be  indicated  when  the  fistula  is  high  and  difficult  to  rcadi 
through  the  vagina,  when  vaginal  operations  fail,  when  one  suqpects 
that  the  ureters  are  close  to  the  orifice.    A  fUrther  advantage  is  that 
the  bladder  is  put  at  rest  after  operation,  by  suprapubic  drainage. 
Of  thirty-three  cases  in  which  the  transvesical  operation  was  per- 
formed, success  followed  a  single  attempt  in  60  per  cent.    (Franccy.) 
In  the  worst  cases  which  cannot  be  remedied  by  other  means,  the 
vagina  may  be  closed  below  the  opening  {colpodeisis)^  thus  converting 
the  bladder  and  vagina  into  one  cavity.     Ureikrcvaginal  and  rtd^ 
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vaginal  fistula  are  treated  on  the  same  principles  as  a  vesicovaginal 
fistula.  A  rectovaginal  fistula  close  to  the  x'ulva  may  be  incised  like  a 
fistula  in  ano,  and  then  treated  like  a  complete  laceration  of  the  peri- 
peum.  A  vesicouterine  fistula  may  be  reached  by  dilating  or  splitting 
the  cervix.  Probably  the  best  operation  is  to  make  an  incision  in 
front  of  the  cervix,  separate  the  bladder,  and  close  the  opening  in  it 
with  catgut  sutures.  Ureteral  fistula  may  be  treated  by  establishing 
a  vesicovaginal  fistula  alongside  the  opening  in  the  ureter,  and  later 
closing  the  vesicovaginal  fistula,  which  now  includes  the  ureteral 
opening,  by  denuding  the  vaginal  mucous  membrane  about  the 
orifice  of  the  fistula,  and  subsequently  suturing  the  raw  surfaces. 
The  ureter  may  be  dissected  from  its  bed,  either  through  the  vagina  or 
abdomen,  and  anastomosed  with  the  bladder.  Anastomosis  with  the 
bowel  is  not  advisable.  When  all  other  plans  have  failed  or  cannot 
be  used,  and  the  opposite  kidney  is  healthy,  the  ureter  may  be  tied. 
When  the  kidney  of  the  affected  side  is  extensively  damaged  from  an 
ascending  infection,  it  may  be  removed.  An  enterovaginal  fistula 
usually  demands  laparotomy,  the  intestine  being  separated  from  the 
vagina,  and  the  opening  in  each  closed  with  sutures. 

Vaginitis  is  usually  caused  by  gonorrhea,  but  may  be  due  to 
foreign  bodies,  or  other  conditions  mentioned  under  vulvitis.  In  old 
age  the  epithelium  is  prone  to  desquamate,  leaving  ulcers  (senile  or 
ulcerative  vaginitis),  which  may  result  in  stenosis  or  atresia.  As  in 
vulvitis,  gangrenous  and  croupous  inflammation  may  occur,  but 
cellulitis  (paracolpitis)  is  rare.  The  symptoms  of  the  acute  form  are 
pain  and  heat  in  the  vagina  and  pelvis,  vesical  and  rectal  irritability, 
a  mucopurulent  discharge,  and  reddening  of  the  mucous  membrane, 
which  is  frequently  studded  with  enlarged  papillae.  Chronic  vaginitis 
may  have  nothing  but  a  leukorrhea  to  indicate  its  existence.  Gonor- 
rheal vaginitis  can  be  diagnosticated  with  certainty  only  by  finding 
the  gonococci,  although  its  symptoms  are  often  very  acute,  and  it 
is  more  apt  to  be  associated  with  vulvitis,  urethritis,  and  infection 
of  the  vulvo-vaginal  glands.  Extension  to  the  uterus,  tubes,  ovaries, 
and  peritoneum  also  is  common. 

The  treatment  of  acute  vaginitis  is  rest  in  bed  and  the  general 
measures  advised  in  the  treatment  of  gonorrhea.  Douches  of 
bichlorid  of  mercury  (i  to  5,000)  or  permanganate  of  potassium 
(i  to  10,000)  may  be  given  several  times  a  day,  while  applications  of  a 
5  per  cent,  argyrol  solution  may  be  made  through  a  speculum  once 
daUy,  and  the  vagina  lightly  packed  with  gauze  between  treatments. 
In  the  later  stages,  or  in  chronic  cases,  the  vaginal  mucous  membrane 
may  be  painted  with  silver  nitrate  (gr.  30  to  the  ounce)  several  times 
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a  week,  and  an  astringent  douche  of  zinc  sulphate  and  powdered 
alum  (each  half  an  ounce  to  a  quart  of  water)  may  be  ordered.  Ul- 
cerations are  treated  by  the  application  of  silver  nitrate. 

Vaginismus  is  a  spasmodic  contraction  of  the  perivaginal  muscles, 
preventing  coitus  and  associated  with  excessive  hyperesthesia  of  the 
structures  about  the  vulva.  It  may  be  caused  by  a  urethral  caruncle 
or  other  local  disease,  and  is  most  common  in  the  neurasthenic. 

The  treatment  is  the  correction  of  any  local  disease,  and  gradual 
dilatation  by  means  of  bougies,  or  forcible  dilatation  under  a  general 
anesthetic.  Inveterate  cases  have  been  treated  by  excising  the  hy- 
men, or  by  incising  the  perineum  in  a  longitudinal  direction  and  clos- 
ing the  wound  transversely. 

Cysts  of  the  vagina  are  rare.  They  may  arise  from  retention  of 
secretion  in  one  of  the  vaginal  glands,  from  distention  of  IjTnph 
vessels  or  spaces,  from  a  hematoma,  from  the  echinococcus.  A 
cyst  of  Mailer's  duct  is  the  result  of  exudation  into  the  rudimentary 
portion  of  a  double  vagina;  it] may  reach  as  high  as  the  cenix 
uteri.  A  cyst  of  Gartners  duct  may  extend  up  through  the  wall 
of  the  uterus,  and  even  as  far  as  the  parovarium  (cf.  "Cysts  of  the 
Parovarium '0.  Gas  cysts  (emphysematous  vaginitis)  are  small  and 
multiple,  and  are  probably  the  result  of  saprophytic  decomp)osition 
of  the  secretion  retained  in  numerous  glands.  The  treatment  is 
excision,  except  in  the  last  instance,  in  which  the  cysts  may  be 
punctured,  and  the  vagina  douched  with  an  antiseptic  solution. 

THE  UTERUS 

Malformations  of  the  Uterus. — The  uterus  may  be  absent  or 
rudimentary  J  in  the  latter  case  existing  as  a  thin  band  of  muscle  and 
connective  tissue. 

Congenital  atrophy  of  the  uterus  is  a  condition  in  which  the 
uterus  is  exceedingly  small,  the  size  of  the  cervix  being  proportionate 
to  that  of  the  body.  An  infantile  uterus  is  small,  but  the  cervix 
is  two  or  three  times  longer  than  the  body,  a  condition  which  is 
normally  present  at  birth. 

The  remaining  malformations  of  the  uterus  are  due  to  non-union 
or  imperfect  fusion  of  the  ducts  of  Miiller.  Uterus  septus  is  one  in 
which  the  uterus  is  divided  longitudinaUy  by  an  antero-posterior 
septum.  Uterus  bicornis  is  one  in  which  the  uterus  is  divided  into 
two  horns  by  an  antero-posterior  groove  across  the  fundus.  When 
this  cleft  extends  to  the  vagina  there  are  two  uteri,  each  with  a  tube 
and  ovary  (uterus  didelphys) .    When  one  of  the  canals  of  MflUtf 
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levelops  and  the  other  remains  rudimentary,  the  uterus  is  deflected 
to  one  side  (uterus  unicornis) .  In  the  uterus  bipartitus  both  horns 
ire  rudimentary,  but  may  be  hollow  and  connected  with  the  vagina 
md  with  each  other  by  the  cervix.  Some  of  these  malformations 
:ause  sterility,  others  miscarriages  or  great  difficulty  in  labor. 
iVhen  the  uterus  is  so  poorly  developed  that  menstruation  amounts 
,o  agony,  the  ovaries,  may  be  removed.  When  the  uterus  is  divided 
>y  a  septum,  such  may  be  crushed  with  forceps,  which  are  left  in 
>lace  until  they  come  away  of  themselves.  When  conception  takes 
>lace  in  a  rudimentary  horn,  the  condition  resembles  ectopic  preg- 
lancy,  in  that  the  walls  may  break  and  a  fatal  hemorrhage  occur; 
n  such  a  case  the  rudimentary  horn  should  be  removed.  The  uterus 
[idelphys  has  been  mistaken  for  pus  tubes  and  one  of  the  organs 
emoved  before  the  mistake  was  discovered ;  excision  is  the  proper 
procedure  if  there  is  a  unilateral  hematometra  or  pyometra. 

Atresia  of  the  cervix  (complete  closure)  may  be  congenital,  or  it 
nay  be  acquired  as  the  result  of  tumors  of  the  cervix,  or  cicatrization 
ollowing  the  application  of  caustics,  ulceration  due  to  infectious 
Bvers,  injxiries  of  childbirth,  or  a  badly  performed  trachelorrhaphy. 
There  is  retention  of  menstrual  blood  {hematometra) ,  mucus  {hydro- 
%eira)y  pus  {pyometra),  or,  in  cases  infected  by  saprophytes  or  the 
:as  bacillus,  gas  {physometra) ,  There  is  amenorrhea  with  the  sub- 
Bctive  symptoms  of  menstruation  at  the  regular  periods,  except  in 
lydrometra,  which  usually  occurs  after  the  menopause.  In  pyo- 
aetra  and  physometra  septic  phenomena  are  in  evidence.  The 
items  is  enlarged  and  cystic  in  fluid  accumulations,  tympanitic 
T  crepitating  if  there  is  a  collection  of  gas.  The  treatment  is  punc- 
ure  or  incision  of  the  cervix,  irrigation  of  the  uterine  cavity  with  salt 
olution,  and  the  subsequent  passage  of  bougies  to  maintain  the 
atency  of  the  canal.  The  condition  of  the  tubes  should  be  ascer- 
uned  before  operation,  and  if  they  also  are  distended,  they  should 
e  removed  by  abdominal  section  before  emptying  the  uterus,  as 
jch  is  apt  to  rupture  them  and  cause  peritonitis. 

Stenosis  of  the  cervix  (partial  closure)  may  be  due  to  the  same 
iuses  as  atresia.  In  the  congenital  form  the  cervix  is  conical  and 
le  uterus  small  and  anteflexed.  The  symptoms  are  dysmenorrhea 
ad  sterility,  the  latter  usually  being  caused  by  an  endocerv'icitis, 
hich  induces  also  leukorrhea.  The  treatment  is  dilatation  of  the 
jrvical  canal  by  a  glove-stretcher  dilator  (Fig.  522),  and  the  subse- 
lent  i>assage  of  bougies  at  regular  intervals.  The  operation  is 
^formed  by  seizing  the  anterior  lip  of  the  cervix  with  a  double 
naculum,  and  gently  passing  into  the  uterus  a  small  dilator,  the 
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blades  of  which  are  separated  laterally,  and  then  in  other  directions, 
so  as  not  to  tear  the  cervix.  A  larger  and  more  powerful  dilatormay 
then  be  used  if  needed.  Dilatation  by  means  of  tents  (sponge, 
laminaria,  tupelo,  corn  stalk,  etc.)  which  expand  by  absorbing  mois- 
ture after  their  introduction  into  the  cervix,  is  slow,  painful,  and 
dangerous  because  they  are  difficult  to  render  and  keep  sterile. 
Dilatation  may  be  effected  also  by  repeated  packings  with  gaiue, 
or  by  the  Barnes  bag ;  the  latter  consists  of  India  rubber  and  is  intro- 
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duced  into  the  cervix  collapsed,  after  which  it  is  slowly  distended 
with  air  or  water.  In  rare  instances  it  may  be  necessary  to  incise  the 
cervix. 

Hypertrophy  of  the  cervix  may  involve  the  supravaginal  or 
infravaginal  portion;  the  former  is  associated  with  prolapse  of  tbe 
uterus  and  eversion  of  the  vaginal  mucous  membrane,  the  latter  is 
congenital  and  is  not  associated  with  displacement  of  the  fundus  of 
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the  uterus  or  obliteration  of  the  vaginal  fornices.  In  the  congenita 
A-ariety  the  os  is  small  and  the  cervix  long  and  conical.  Hypo- 
trophy of  the  cervix  may  cause  leukorrhea,  sterility,  and  dysmenor- 
rhea, and  if  the  cervix  protrudes  from  the  vulva,  it  may  becontf 
ulcerated  and  interfere  with  locomotion.  The  treatment  is  am^Mii- 
Hon  of  Ike  cervix.  The  anterior  and  posterior  lips  of  the  cervix  «* 
seized  with  double  tenacula,  the  cervix  split  transversely,  etdi^] 
amputated  by  a  wedge-shaped  incision,  and  the  wound  doaod  If  J 
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sutures  as  shown  in  Fig.  523.  Shroeder's  method,  which  is  indicated 
when  the  cervical  mucous  membrane  is  badly  diseased  is  shown  in 
Fig.  524.  The  cervix  is  split  as  in  the  previous  operation,  and  each 
flap  amputated  in  a  manner  similar  to  removal  of  the  distal  phalanx 
of  the  finger  when  a  long  palmar  flap  is  used.  Chromicized  catgut 
is  the  best  suture  material. 

Laceration  of  the  cervix  is  usually  the  result  of  childbirth,  but 
occasionally  follows  attempts  at  abortion  or  dilatation  of  the  cervix. 
The  laceration  may  be  partial  or  complete,  the  latter  extending 
through  the  whole  cervix.  The  line  of  cleavage  is  apt  to  correspond 
with  the  right  oblique  diameter  of  the  pelvis,  because  the  most 
frequent  presentation  is  the  left  occipito-anterior.  The  laceration 
may  be  unilateral^  bilateral,  or  stellate,  i.e.,  having  more  than  two 
branches  radiating  from  the  cervical  canal.  Extensive  lacerations 
may  open  the  cellular  tissue  of  the  broad  ligaments  or  even  the 
peritoneum,  and  be  followed  by  cellulitis  or  peritonitis.  Symptoms 
may  be  absent,  particularly  in  unilateral  lacerations.  In  a  bilateral 
laceration  the  lips  are  separated,  exposing  the  cervical  mucous 
membrane  (ectropion  or  eversion),  which  becomes  raw  and  inflamed 
(erosion  of  the  cervix),  and  frequently  studded  with  small  retention 
cysts,  owing  to  obstruction  of  the  mouths  of  the  cervical  glands 
{cysts  or  ovules  of  Naboth),  These  changes,  with  the  irritation  of  the 
cicatrices,  lead  to  subinvolution  and  chronic  inflammation  of  the 
uterus,  and  predispose  to  its  displacement,  sterility,  abortion,  and 
epithelioma.  The  most  prominent  symptoms  are  usually  a  feeling 
of  weight  and  discomfort  in  the  pelvis,  menorrhagia,  leukorrhea, 
suboccipital  headache,  and  neurasthenia.  The  diagnosis  is  readily 
made  by  palpation,  and  by  inspection  with  the  aid  of  a  speculum. 

Treatment  at  the  time  of  laceration  is  not  advisable  unless  there 
is  excessive  hemorrhage,  when  the  laceration  should  be  closed  with 
sutures.  After  the  puerperium  erosions  may  be  touched  every 
other  day  with  silver  nitrate  (grains  20  to  the  ounce),  the  cysts  of 
Xaboth  punctured,  tampons  saturated  with  boroglycerid  inserted 
into  the  vagina  every  other  day,  and  copious  douches  of  hot  water 
given  daily.     K  this  treatment  fails  to  relieve,  operation  is  indicated. 

Emmet^s  trachelorrhaphy,  or  suture  of  the  laceration,  is  per- 
formed as  follows:  The  cervix  is  exposed  by  retracting  the  perineum 
with  a  speculum,  and  each  lip  caught  with  a  double  tenaculum. 
The  edges  of  the  laceration  are  denuded  with  scissors  or  knife, 
leaving  a  strip  of  mucous  membrane  in  the  middle  for  the  cervical 
canal,  all  the  scar  tissue  excised,  and  sutures  of  chromic  catgut 
inserted  and  tied  (Fig.  525).     It  is  usually  advisable  to  precede 
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this  operation  by  curetting  the  uterus.  In  stellate  tears  with  much 
scar  forniation  and  hypertrophy  of  the  cervix,  amputation  is  gcD- 
erally  the  better  operation. 

Endometritis,  or  inflammation  of  the  mucous  membrane  lining 
the  uterus,  may  be  acute  or  chronic. 

Acute  endometritis  involves  both  the  cervical  and  corporeal 
endometrium  and  extends  to  the  underlying  tissues.  It  is  usually 
caused  by  infection  following  labor  or  abortion,  by  gonorrhea,  or 
by  the  use  of  infected  instruments,  but  it  may  be  due  also  to  acute 
infectious  fevers,  and  exposure  to  cold  during  menstruation.  The 
mucous  membrane  is  swollen,  softened,  and  intensely  hyperemic. 
There  may  he  extravasations  of  blood  into  the  uterine  walls  and 
the  formation  of  abscesses.  The  symptoms  in  mild  cases  are  a 
mucopurulent  discharge,  often  bloodstained,  pain  in  the  back  and 
pelvis,  irritability  of  the  bladder, 
and  a  httle  fever.  The  uterus  is 
slightly  enlarged  and  tender,  the 
cervix  softened,  and  the  os  fre- 
quently surrounded  by  an  area  of 
.  erosion.  In  the  severer  forms  the 
■  discharge  is  very  foul,  the  tend»- 
ness  more  marked,  and  the  general 
symptoms  those  of  sepsis.  The 
infection  often  spreads  to  the 
Fallopian  tubes  and  peritoneum; 
in  other  instances  it  involves  the 
body  of  the  uterus,  or  causes  a 
P.O.  s.s.-Tr^hd«Th.phy.  P'>l«*''tis  of  the  pelvic  or  oUi« 

veins;  and  finally  it  may  spread 
through  the  lymphatics  and  cause  a  pelvic  cellulitis. 

The  treatment  b  rest  in  bed,  liqtiid  diet,  saline  laxatives,  hot 
vaginal  douches  of  bichlorid  (i  to  5,000)  twice  daily,  and  an  ice  cap 
to  the  hypogastrium.  In  the  more  severe  forms  the  uterine  cavity 
itself  may  be  irrigated  with  a  solution  of  bichlorid  (i  to  10,000)  or 
normal  salt  solution.  When  occurring  after  labor  or  abortion,  the 
uterine  cavity  should  be  explored  with  the  finger  and  any  decompos- 
ing secimdines  or  blood  clot  removed.  Curettage  is,  as  a  nite. 
contraindicated.  Septicemia  will  require  appropriate  general  treat- 
ment. In  the  worst  cases,  particularly  if  abscesses  form  in  the 
uterine  wall,  hysterectomy  may  be  indicated. 

Chronic  endometritis  may  involve  the  entire  endometrium,  but 
is  often  localized  to  the  cervical  or  corporeal  portion. 
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Chronic  cervical  endometritis  or  catarrh  (endocervkitis)  may  be 
due  to  any  of  the  conditions  producing  a  vaginitis  or  endometritis, 
the  inflammation  spreading  to  the  cervix  from  these  regions.  Lacer- 
ations and  gonorrhea  are  the  most  frequent  causes.  It  may  be  due 
also  to  stenosis  of  the  cervix.  The  entire  cervix,  including  the 
epithelium^  the  glands,  and  the  connective  tissue,  is  involved.  The 
cylindrical  epithelium  lining  the  cervix  spreads  out  over  the  vaginal 
portion,  giving  it  a  raw  appearance,  which  is  called  an  erosion,  and 
sometimes  erroneously  an  ulceration.  True  ulceration  of  the  cervix 
is  seen  in  chancre,  chancroid,  tuberculosis,  neoplasms,  prolapse  of 
the  uterus,  and  after  traumatism.  In  endoceHacitis  the  mucous 
membrane  is  often  thrown  into  transverse  folds,  and  the  blood  vessels 
may  be  dilated  as  to  resemble  hemorrhoids.  The  enlarged  glands 
are  often  constricted  by  the  increased  amount  of  connective  tissue, 
thus  forming  retention  cysts  (ovules  of  Naboth).  The  symptoms 
are  pain  in  the  back,  irregular  menstruation,  and  leukorrhea.  The 
discharge  from  the  cervix  is  thick  and  viscid,  and  this  is  often 
sufficient  to  prevent  conception.  The  cervix  is  usually  enlarged 
and  tender.  The  changes  described  above  may  be  made  out  by 
palpation  and  by  the  use  of  the  speculum. 

The  treatment  is  attention  to  the  general  health,  and  the  use 
of  hot  vaginal  douches  containing  sulphate  of  zinc  (one  dram  to  the 
pint)  or  corrosive  subUmate  (i  to  5,000).  If  stenosed,  the  cervix 
should  be  dilated;  if  lacerated,  sutured.  Cysts  should  be  punctured, 
and  the  cervix  may  be  scarified  if  there  is  much  congestion.  In 
some  cases  it  may  be  necessary  to  apply  tincture  of  iodin,  ichthyol 
(25  per  cent,  in  lanolin),  or  silver  nitrate  (gr.  30  to  the  ounce)  to 
the  cervical  canal,  following  the  application  by  a  glycerin  tampon. 
Displacement  of  the  uterus  or  other  complication  should  of  course 
be  corrected.  In  inveterate  cases  the  uterus  should  be  curetted 
and  packed  with  gau^e,  or  Schroeder's  operation  performed. 

Chronic  corporeal  endometritis  may  follow  the  acute  form,  but 
is  more  often  chronic  from  the  beginning;  in  the  latter  instance 
it  is  due  to  the  extension  of  an  endocervicitis  or  vaginitis,  or  to  any 
condition  which  induces  congestion,  e.g.,  excessive  coitus,  dis- 
placements of  the  uterus,  pelvic  tumors,  and  in  fact  almost  any 
pelvic  disease,  as  well  as  tight  lacing,  and  chronic  disease  of  the 
heart,  lungs,  liver,  or  blood.  In  many  of  these  cases  no  bacteria  can 
be  recovered  from  the  endometrium.  According  to  the  tissue  more 
involved  the  inflammation  is  designated  glandular  or  intersHtiaL 
When  the  changes  are  equally  distributed,  the  mucous  membrane 
is  thick,  soft,  and  smooth;  when  some  portions  are  more  involved 
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than  others,  the  surface  presents  vascular  or  glandular  vegetations 
(villus  or  fungous  endomeiriiis) ,  As  in  the  cervix,  the  orifices  of  the 
glands  may  be  occluded  and  cysts  formed.  In  exfoliative  endo- 
metritis, or  membranous  dysmenorrhea,  at  each  menstruation  the 
epithelium  is  thrown  off  in  shreds,  or  in  one  whole  piece  as  a  cast 
of  the  uterus.  The  symptoms  are  pain  in  the  pelvis  and  back, 
mucopurulent  leukorrhea,  menorrhagia  or  metrorrhagia,  dysmenor- 
rhea, reflex  nervous  disturbances,  and  often  sterility  or  abortions. 
The  uterus  is  usually  enlarged  and  slightly  tender.  When  the 
disease  occurs  after  the  menopause  {senile  endometritis),  the  dis- 
charge may  be  retained,  giving  rise  to  an  offensive  odor  which 


Fig.  526. — Sims'  sharp  curette. 

suggests  malignant  disease,  a  suspicion  which  may  be  dispelled  by 
a  microscopic  examination  of  the  tissue  removed  by  the  curette. 
As  in  acute  endometritis,  the  inflammation  may  spread  to  the 
extrauterine  structures. 

The  treatment  in  the  absence  of  acute  inflammation  in  the 
periuterine  structures,  is  curettage.  With  the  patient  in  the 
lithotomy  position,  the  anterior  lip  of  the  cervix  is  grasped  with 
tenaculum  forceps,  and  the  canal  dilated  with  the  glove-stretcher 
dilator.  The  curette  (Fig.  526)  is  then  introduced  and  the  walls 
of  the  cavity  systematically  gone  over  several  times,  a  grating 
sensation  being  imparted  to  the  hand  when  the  mucous  membrane 
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Fig.  527. — Martin's  curette. 

has  been  removed.  For  curettage  of  the  fundus  and  comua  the 
Martin  curette  (Fig.  527)  should  be  employed.  The  uterine  cavity 
is  irrigated  with  bichlorid  of  mercury  solution  (i  to  10,000)  and  the 
vagina  filled  with  sterile  gauze.  The  uterus  should  not  be  packed 
unless  there  is  free  bleeding,  as  the  gauze  plug  interferes  with  drain- 
age. All  gauze  should  be  removed  at  the  end  of  twenty-four  hours, 
and  a  daily  vaginal  douche  of  bichlorid  of  mercury  (i  to  10,000'/ 
given  thereafter.  The  dangers  of  the  operation  are  perforation  of 
the  uterus,  inflammation  of  the  adnexa,  and  peritonitis.  The 
patient  should  remain  in  bed  one  week.  The  cause  of  the  endo- 
metritis, e.g.,  lacerations,  displacements,  etc.,  should,  if  possible. 
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be  removed  at  the  time  of  the  curettage.  Strychnin  and  ergot  may 
be  given  after  operation,  in  order  to  encourage  contraction  of  the 
uterus. 

Acute  metritiSi  or  inflammation  of  the  uterine  muscle,  is  due  to 
the  same  causes  as  acute  endometritis,  with  which  it  is  always 
associated,  and  from  which  it  cannot  be  differentiated  clinically. 
The  sjrmptoms  and  treatment  are,  therefore,  those  of  acute 
endometritis. 

Chronic  metritiSi  chronic  parenchymatous  inflammation  of  the 
uieruSy  dijffuse  interstitial  metritis,  or  subinvolution ,  as  it  is  called 
when  following  labor,  may  be  due  to  (a)  causes  which  interfere  with 
normal  involution  of  the  puerperal  uterus,  e.g.,  retained  secundines, 
cervical  laceration,  acute  endomeritis,  pelvic  inflammation,  rising 
too  soon  after  confinement,  nonlactation,  and  repeated  miscarriages; 
and  to  (b)  causes  which  produce  repeated  or  protracted  congestion 
such  as  chronic  endometritis,  uterine  displacements,  pelvic  tumors, 
excessive  coitus  or  masturbation,  tight  lacing,  and  chronic  disease 
of  the  heart,  lungs,  or  liver.  At  first  the  uterus  is  large,  soft,  tender, 
and  hj'peremic,  later  the  connective  tissue  gradually  increases  in 
amount  and  compresses  the  blood  vessels,  rendering  the  organ  hard 
and  anemic.  The  symptoms  are  those  of  the  complicating  chronic 
endometritis,  with  a  feeling  of  weight  in  the  pelvis,  chronic  in- 
validism, and  neurasthenia.  The  increase  in  the  size,  weight,  and 
firmness  of  the  uterus  is  readily  detected  by  bimanual  examination. 
The  cervical  canal  is  dilated  and  the  uterine  cavity  uniformly  enlarged. 
The  complications  are  displacement  of  the  uterus,  chronic  endo- 
metritis, and  extension  of  the  inflammation  to  the  appendages  and 
the  i>eritoneum. 

The  treatment  is  removal  of  the  cause  (displacements,  lacer- 
ations, tumors,  etc.),  curettage  for  the  chronic  endometritis,  copious 
hot  vaginal  douches,  glycerin  tampons,  the  internal  administration 
of  ergot  and  strychnin,  and  the  general  treatment  for  neurasthenia. 
The  cervix  may  be  scarified,  or  painted  with  iodin,  or,  if  it  is  much 
enlarged,  it  may  be  amputated. 

Atrophy  of  the  uterus  is  normal  after  the  menopause.  It  may 
follow  destruction  or  removal  of  the  ovaries,  exhausting  general 
diseases,  and  certain  nervous  affections.  When  following  labor, 
it  is  called  superinvolution.  The  symptoms  are  amenorrhea,  sterility, 
and  reflex  nervous  disorders.  The  treatment  is  unsatisfactory. 
Attention  to  the  general  health  and  electricity  locally  may  be  useful. 

Displacements  of  the  uterus  are  pathological  when  they  are  more 
or   less  permanent  and  interfere  with  the  normal  mobility  of  the 
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organ.  1  he  uterus  may  be  displaced  upwards  (ascent)  or  downwards 
(prolapsus);  it  may  be  tilted  (version)  or  bent  (flexion)  forwards 
(anteversion  or  anteflexion)  backwards  (retroversion  or  retroflexion), 
or  laterally  (lateroversion  or  lateroflexion);  it  may  be  turned  inside 
out  (inversion) ;  and  the  body  may  be  twisted  on  the  cervix  (torsum 
of  the  uterus).  Dislocation  of  the  uterus  is  a  displacement  of  the 
whole  organ,  with  little  or  no  change  in  its  axis;  it  may  be  forwards 
(anteposilion) ,  backwards  (relroposition),  or  lateral  (lateropasition). 
Ascent,  lateroversion,  lateroflexion,  torison,  and  dislocation  of  the 
uterus  are  due  to  exudates  or  neoplasms  which  push  the  uterus,  or 
to  adhesions  which  pull  the  uterus,  into  its  abnormal  position;  the 
treatment  is  that  of  the  causative  lesion. 

Anteversion  (Fig.  528)  may  be  caused  by  any  condition  which 
increases  the  weight  of  the  uterus  (e.g.,  metritis  and  tumors),  and 
by  adhesions  which  draw  the  fundus  forward  or  the  cervix  backward. 


The  symptoms  are  those  of  the  causative  lesion,  with  those  of  pres- 
sure on  the  bladder,  i.e.,  frequent  micturition  and  hypogastric 
pain.  The  treatment  is  directed  to  the  condition  producing  the 
displacement. 

Anteflexion  (Fig.  529)  is  an  exaggeration  of  the  normal  forward 
bend  in  the  uterus,  with  rigidity  at  the  point  of  flexion.  It  may  be 
congenital,  or  the  result  of  metritis,  inflammation  of  the  uterosacral 
ligaments  which  draws  the  upper  part  of  the  cervix  upwards  and 
backwards,  irregular  involution  after  labor,  or  tumors  of  the  fundus. 
In  some  cases  the  uterus  falls  backwards  (retreversion  wUk  a»le- 
flexion).  The  symptoms  are  dysmenorrhea,  sterility,  frequent 
micturition,  leukorrhea,  and  the  symptoms  of  any  acconqnnying 
inflammation.  The  cervix  is  often  conical,  with  a  small  os,  and 
lies  in  the  axis  of  the  vagina,  while  the  fundus  may  be  fdt  aoteriorty. 
The  condition  is  differentiated  from  tumors  and  exudates  in  fnat 
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of  the  Uterus,  by  definitely  locating  the  fundus  by  bimanual  or 
rectal  examination.  The  sound  should  rarely  be  employed  to 
determine  the  direction  of  the  canal  and  the  position  of  the  fundus. 

The  treatment  is  dilatation  of  the  cervix,  curettage  of  the  uterus, 
and  the  maintenance  of  dilatation  by  the  passage  of  graduated 
sounds  weekly  tor  a  month  or  more.  Stem-pessaries  and  tents 
are  dangerous.  Any  extrauterine  inflammation  should  of  course 
receive  appropriate  treatment.  Dudley  splits  the  posterior  lip  of 
the  cervix  and  removes  a  wedge-shaped  piece  from  each  margin 
of  the  incision,  subsequently  uniting  the  diamond-shaped  wound 
with  transverse  sutures,  thus  enlarging  the  os  posteriorly.  Nourse 
splits  the  cervix  laterally,  and  attempts  to  straighten  the  uterus 
by  pulling  on  the  posterior  lip,  which  is  then  sutured  in  its  new 
position.  Others  have  divided  the  uterosacral  ligaments,  or  re- 
moved a  wedge-shaped  portion  of  the  posterior  wall  of  the  uterus 
opposite  the  flexion,  the  canal  being  straight- 
ened by  suturing  the  incision. 

Retroflexion  and  retroversion  are  com- 
monly associated,  constituting  the  condition 
called  relroversio-fiexio  (Fig.  530) .  As  a  rule 
the  uterus  first  retroverts,  and  is  later  bent  ^ 
backwards  by  the  action  of  the  intraabdomi- 
nal pressure  upon  the  anterior  face  of  the 
fundus.  The  causes  are  subinvolution  and 
relaxation  of  the  ligaments  following  labor, 
particularly  if  the  parient  gets  up  too  early; 
violent  jars  or  severe  straining;  salpingiris, 

the  tubes  falling  backwards  and  carrying  the  fundus  with  them ;  pelvic 
adhesions;  tumors  of  the  uterus  or  tissues  in  front  of  it;  lacerations  of 
the  perineum;  and  habitually  allowing  the  bladder  to  become  over- 
distended.  Some  cases  are  said  to  be  congenital,  the  posterior  wall 
of  the  vagina  failing  to  elongate,  thus  pulling  the  uterus  backward. 
The  uterus'is  usually  enlarged  and  congested,  and  there  is  practically 
always  a  complicating  endometritis.  Symptoms,  in  the  absence 
of  complications,  are  often  absent.  In  a  typical  case  there  is  lum- 
bosacral pain,  occipital  headache,  a  feeling  of  weight  in  the  pelvis. 
leukorrhea.  menorrhagia,  dysmenorrhea,  frequent  micturition  from 
pressure  of  the  cervix  on  the  bladder,  constipation  and  hemorrhoids 
from  pressure  on  the  rectum,  sterility  or  abortions,  and  neurasthenia 
or  hysteria.  On  examination  the  uterus  is  found  low  in  the  pelvis, 
the  <xrvix  of  ten  pointing  forward,  and  the  fundus  is  found  posteriorly. 
In  tumors  or  exudates  in  Douglas's  cul  de  sac,  and  in  feces  in  the 
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rectum,  the  fundus  is  found  anteriorly,  a  fact 
be  verified  with  the  sound.  The  direction 
much  value  in  differential  diagnosis.  Fee 
and  can  be  identified  by  passing  a  finger  int< 
The  treatment  varies  according  to  wht 
acute  or  chronic,  and  according  to  the  presen 
cations.  Acute  retroversion,  i.e.,  occurring  i 
or  an  accident,  should  be  treated  by  replaci 
assumption  of  the  knee  chest  posture  (Fig 
n^ht  and  morning.  When  involution  is  co 
labor),  a  pessary  may  be  inserted  and  wo 
About  one-third  of  the  cases  are  thus  cure* 
recurs  after  the  removal  of  the  pessary,  the  pi 
to  choose  between  an  operation  and  the  pern 
A  chronic  retroversion  without  symptoms  or  c( 
treatment.  If  there  are  symptoms,  the  patit 
operatic 
use  of  a 
worn  w: 
sary  in 


very  ran 
sion  witl 
tions  of 
endomel 

sions,  etc.)  requires  operation  primarily  for 
uterus  being  brought  forward  and  held  in  p 
procedure  at  the  same  sitting. 

Reposition  of  a  retroverted  uterus  may  I: 
patient  in  the  dorsal  position,  and  pressing  tl 
two  fingers  in  the  vagina  until  it  can  be  caugli 
when  the  vaginal  fingers  press  backwards 
fundus  is  caught  behind  the  promontory  of 
may  first  be  drawn  downwards  with  tenacu 
method  is  to  place  the  patient  in  the  Sims  or  ] 
then  to  press  the  fundus  upwards  and  forwa 
the  vagina  until  it  passes  the  sacral  promon 
fingers  draw  the  cervix  backwards.  Repos: 
sound  into  the  cavity  of  the  uterus  and  using  i 
and  should  not  be  employed.  When  the  uteri 
abdominal  section  is  the  best  treatment.  If 
and  the  surgeon  can  assure  himself  that  then 
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lal  reposition  may  be  tried,  the  adhesions  being  stretched  by 
ly  pushing  the  fundus  upward,  and  then  the  posterior  vaginal 
:  packed  with  a  tampon.  This  is  repeated  every  forty-eight 
,  and  when  the  fundus  has  ascended  well  into  the  abdomen, 
impon  is  packed  into  the  anterior  fornix,  in  order  to  press  the 
c  backwards.  Schultze's  method  of  forcibly  breaking  up  the 
ions  under  an  anesthetic  is  too  dangerous  to  be  recommended. 
sssaries  are  used  to  hold  the  uterus  in  a  forward  position  after 
f  been  replaced.  They  should  be  made  of  hard  rubber,  and 
us  sizes  will  be  needed  for  individual  cases.  Those  most 
lonly  employed  are  shown  in  Figs.  532,  533,  534.  The  advant- 
F  the  Smith  pessary  is  the  bend  of  the  anterior  bar,  which  pre- 
pressure  on  the  urethra;  the  Hodge  pessary  does  not  possess 
end,  but  is  more  useful  in  a  relaxed  vagina;  the  Thomas  pessary 
ises  a  broad  posterior  bar,  which  more  equally  distributes 
ire,  thus  avoiding  ulceration.  A  pessary  acts  by  stretching 
posterior  vaginal  wall  and 
g  the  cervix  backwards, 
Dt  by  supporting  the  fundus 
i  Uterus.  It  is  contraindi- 
in  the  presence  of  acute  in- 
lation,  and  should  be  em- 
1  only  after  the  uterus  has 

replaced.  ^  It  may  be  im-     p,^,  ^3,         p,,^  ^33       p,^  "^3^ 
Ae  to  retain  a  pessary  if  the       Hodge  Smith  Thomas 

,       ^  .,  .         fpessar>'.  pessary.  pessary. 

:  IS  very  short  or  the  pen- 
extensively  torn;  in  the  latter  instance  the  difficulty  may  be 
ied  by  perineorrhaphy,  but  it  is  better  to  perform  an  opera - 
JT  the  cure  of  the  retrodisplacement  at  the  same  sitting.  The 
I  and  breadth  of  the  pessary  needed  may  be  ascertained  by 
.g  two  fingers  well  up  into  the  posterior  fornix  and  sei)arating 
The  shape  of  the  pessary  may  be  modified  after  oiling  it  and 
ig  it  over  a  lamp;  it  is  then  rendered  firm  by  plunging  it  into 
rater.  The  pessary  is  introduced  as  follows,  the  j)atient  being 
dorsal  or  the  Sims  position:  It  is  held  by  its  smaller  end  and 
oader  extremity  passed  into  the  vagina  parallel  with  the  labia, 
re  being  made  downward  against  the  perineum.  It  is  then 
1  transversely,  the  broader  extremity  curving  upwards  and  the 
V  end  downwards.  The  index  finger  of  the  disengaged  hand 
>ed  beneath  the  pessary  and  over  its  inner  end,  which  is  thus 
1  upwards  and  backwards  behind  the  cervix.  The  lower  end 
pessary  should  reach  the  middle  of  the  urethra,  and  it  should 
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be  possible  to  pass  the  finger-tip  between  the  pessaxy  and  vaginal 
wall  at  all  points.  If  the  pessary  is  too  large,  ulceration  may  follow. 
The  patient  should  take  a  daily  douche,  and  the  pessary  should  be 
removed,  cleansed,  and  reinserted  every  month  or  two. 

Operations  for  retroversion  are  very  numerous  and  no  one  is  ideal. 
Those  which  are  most  frequently  employed  are  Alexander's  operation, 
hysteropexy,  and  intraabdominal  shortening  of  the  round  ligaments. 
Alexander's  operation  consists  in  opening  each  inguinal  canal  as  in  a 
hernia  operation,  and  drawing  out  the  round  ligaments  imtil  the 
fundus  reaches  the  anterior  abdominal  wall,  the  peritoneum  being 
stripped  from  the  ligament  as  it  is  pulled  outwards.  The  wounds 
are  closed  as  in  the  Bassini  operation,  the  sutures  including  the  round 
ligament,  the  excess  of  which  is  cut  oflF.  The  operation  is  indicated 
in  cases  in  which  the  uterus  is  freely  movable,  and  in  which  there 
are  no  intraabdominal  complications.  The  disadvantages  are  its 
limited  field,  the  difficulty  sometimes  encountered  in  finding  the 
ligaments,  the  occasional  breaking  of  a  ligament,  and  the  possibility 
of  hernia  from  the  pulling  out  of  a  pouch  of  peritoneum,  an  accident 
which  can  always  be  avoided. 

Hysteroplexji  or  ventral  suspension  is  performed  through  a  small 
medium  abdominal  incision  or  through  thePfannenstiel  incision.    The 
latter  runs  in  a  slight  curve,  with  the  convexity  downward ,  within  the 
hair  line  of  the  pubes  and  across  the  recti  muscles.    The  skin,  subcu- 
taneous tissues  and  the  anterior  sheaths  of  the  recti  are  dissected  up|as 
one  layer,  the  recti  separated  in  the  direction  of  their  fibres,  the  trans- 
versalis  fascia  and  the  peritoneum  opened  by  a  vertical  cut.    This 
incision  leaves  an  inconspicuous  cicatrix  and  is  a  safe  guard  against 
hernia.     It  is  particularly  indicated  in  conservative  operations; 
contraindicated  in  suppurative  lesions    because  of  the  extensive 
dissection  of  the  cellular  tissue.    In  hysteropexy  the  uterus  is 
brought  forward  and  the  fundus  sutured  to  the  lower  angle  of  the 
wound  by  two  silk  sutures,  each  passing  through  the  peritoneum  and 
subperitoneal  connective  tissue  and  the  fundus,  the  first  on  a  line 
with  the  Fallopian  tubes  and  the  second  about  one-third  inch  post- 
eriorly, thus  anteverting  the  uterus.     In  time  the  uterus  recedes 
from  the  abdominal  wall  by  stretching  the  bond  of  union,  thus  form- 
ing an  artificial  ligament.    The  operation  allows  the  separation  of 
adhesions  and  the  treatment  of  other  intraabdominal  complications, 
but  has  the  disadvantages  of  occasionally  interfering  with  labor,  and 
of  forming  a  band,  about  which  intestinal  strangulation  may  occur. 
Ventrofixation  is  a  term  applied  to  the  same  operation  when  the 
sutures  fixing  the  uterus  pass  through  the  muscles  and  aponeurosis 
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of  the  abdominal  wall ;  it  should  never  be  employed  unless  the  ovaries 
have  been  removed  or  the  menopause  has  arrived. 

Intraabdominal  shortening  of  the  round  ligaments  possesses 
the  advantages  of  hysteropexy  and  the  Alexander  operation  and  the 
disadvantages  of  neither.  Operations  which  shorten  these  ligaments 
by  folding  them  on  themselves,  by  fastening  them  to  the  anterior 
surface  of  the  uterus,  or  by  drawing  them  through  the  broad  ligament 
and  fastening  them  together  behind  the  uterus,  are  objectionable  in 
that  the  greatest  strain  is  brought  to  bear  upon  the  weakest  portion 
of  the  round  ligament  in  the  inguinal  canal.  The  Gilliatn-Fergusoff 
operation  utilizes  the  strongest  part  of  the  ligament.  After  open- 
ing the  abdomen  in  the  median  line  a  pair  of  forceps  is  pushed  through 
the  outer  edge  of  the  rectus  muscle,  and  the  round  ligament  grasped 
about  two  inches  from  its  uterine  end;  the  forcep  is  withdrawn  and 
the  ligament  sutured  to  the  fascia  covering  the  rectus  muscle. 
Montgomery  has  modified  the  Simpson  operation.  A  silk  ligature  is 
passed  beneath  each  round  ligament  about  one  and  one-half  inches 
from  the  uterus.  The  two  ends  of  the  ligature  are  threaded  into,  a 
pedicle  needle,  which  is  introduced  between  the  layers  of  the  broad 
ligament,  and  carried  forward  extraperitoneal^  until  it  reaches  the 
outer  border  of  the  rectus  muscle,  through  which  it  is  thrust,  the 
round  ligament  being  rendered  taut  to  facilitate  this  maneuver. 
The  ligature  is  withdrawn  from  the  needle,  and  serves  to  pull  the 
ligament  through  the  abdominal  wall,  where  it  is  fastened  with  cat- 
gut sutures.  As  there  is  some  danger  of  hernia  occurring  at  the 
point  where  the  round  ligament  passes  through  the  rectus,  we  have 
further  modified  this  operation  by  carrying  the  ligament  between  the 
rectus  and  its  superficial  sheath,  to  the  median  line,  where  it  is  sutured 
to  its  fellow. 

Prolapse  or  descent  of  the  uterus  is  divided  into  three  degrees, 
(i)  retroversion  with  sinking  of  the  organ  in  the  pelvis,  (2)  presenta- 
tion of  the  OS  at  the  vulva,  and  (3)  prolapse  of  the  uterus  between  the 
thighs  (Fig.  535).  The  first  and  second  are  called  incomplete , 
the  last  complete  prolapse,  or  procindenlia.  The  causes  are  (i)  lack 
of  support  due  to  relaxation  of  the  uterine  ligaments  or  of  the  pelvic 
floor,  particularly  following  laceration  of  the  perineum;  (2)  increased 
weight  of  the  uterus,  especially  subinvolution  after  labor;  and  (3) 
increased  intraabdominal  pressure,  such  as  is  produced  by  straining, 
lifting  heavy  weights,  improper  clothing,  and  abdominal  tumors. 
Occasionally  prolapse  is  suddenly  produced  by  a  severe  injury,  such 
as  a  crush,  or  a  fall  from  a  height.  The  symptoms  in  an  acute  case 
are  severe  pain,  and  possibly  internal  hemorrhage  and  peritonitis. 
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In  the  ordinary  chronic  ffirm  there  are  first  rectocele  and  cystc 
then  retroversion  and  gradual  descent  of  the  uterus,  which  cau 
dragging  sensation  in  the  pelvis  and  back,  dysuria,  and  constipa 
in  complete  prolapse  there  may  be  difficulty  in  walking,  and  uli 
tion  of  the  protruding  massis  not  uncommon.  As  chronic  endom 
tis  is  always  present  the  symptoms  of  this  affection  are  adde 
those  just  mentioned.     In  pseudo prolapse,  or  hypertrophy  of 


P'G-  S3S. — Complete  prolapse  or  procidenture. 


cervix,  the  fundus  is  found  in  its  normal  situation  and  the  vap 
walls  are  not  displaced.  Inversion  of  the  uterus  presents  no  os,  1 
shows  the  orifices  of  the  Fallopian  tubes;  it  is  smaller  above  tl 
below,  and  on  bimanual  examination  a  depression  is  found  id 
region  where  the  fundus  ought  to  be. 

The  treatmentis  reduction  of  the  prolapse,  and nuuntmanoe of 
uterus  in  its  normal  position  by  pessaries  or  by  c^ientioiL    R« 
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tion  is  occasionally  difficult  because  of  edema;  strangulatioQ  with 
gangrene  of  the  uterus  has  occurred  in  rare  cases.  If  edema  prevents 
reduction,  multiple  punctures  should  be  made,  cold  compresses 
applied,  and  the  foot  of  the  bed  elevated  for  some  hours.  Pessaries 
are  not  curative,  but  may  be  employed  if  the  patient  refuses  opera- 
tion, or  if  operation  is  contraindicated.  If  the  perineum  is  intact, 
a  retroversion  pessary  may  be  tried,  or  if  this  fails,  a  ring  pessary. 
When  i>essaries  of  this  character  cannot  be  retained,  the  uterus  may 
be  held  up  by  a  cup  and  stem  pessary  (Fig.  536)  which  is  fastened  to 
an  abdominal  belt.  The  operative  treatment  consists  in  curettage, 
amputation  of  the  cervix  to  lessen  the  weight  of  the  uterus,  anterior 
colporrhaphy  and  perineorrhaphy  to  narrow  the  vagina  and  support 
the  uterus,  and  intraabdominal  shortening  of  the  round  ligaments 
before,  and  ventrofixation  after,  the  menopause.  If  the  uterus  is 
badly  diseased  or  contains  "fibroids/'  a  supravaginal  hysterectomy 
may  be  performed  and  the  stump  sutured  to  the  abdominal  wall.   Wa  t- 


PiG.  536. — Goddard  pessary. 

kins  and  Wertheim  have  recently  revived  vaginal  fixation  of  the  uterus 
in  the  treatment  of  prolapse  after  the  menopause.  The  anterior 
vaginal  wall  is  incised  longitudinally,  the  bladder  separated  from 
the  vagina  and  the  uterus  by  blunt  dissection,  and  the  vesicouterine 
fold  of  peritoneum  opened.  The  fundus  of  the  uterus  is  then  brought 
down  into  the  vagina,  the  vesical  fold  of  peritoneum  sutured  to  the 
posterior  surface  of  the  uterus  near  the  cervix,  and  the  fundus 
attached  to  the  vaginal  flaps  near  the  urethra.  The  incision  in  the 
vagina  is  now  closed  by  suturing  the  flaps  together.  Thus  the  uterus, 
turned  upside  down,  lies  between  the  bladder  and  the  anterior  wall 
of  the  vagina. 

Inversion  of  the  uterus  is  a  condition  in  which  the  uterus  is  partly 
or  completely  turned  inside  out.  There  are  three  degrees:  (i)  the 
Uitrauterine,  in  which  the  depressed  fundus  does  not  protrude  from 
the  cervix,  (2)  the  intravaginal,  in  which  the  fundus  protrudes 
through  the  cervix,  and  (3)  the  extravaginal,  in  which  the  inverted 
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uterus  protrudes  from  the  vulva.  It  arises  during  the  puerperium 
as  the  result  of  traction  on  the  cord,  or  pressure  on  the  fundus  of  the 
uterus  (<icute  inversion),  or  in  non-puerperal  cases  as  the  result  of  the 
dragging  of  a  pedunculated  intrauterine  tumor  {chronic  inversion). 
An  intussusception  is  thus  formed,  the  depressed  portion  being 
swallowed  by  the  undepressed  portion.  The  tubes  and  ovaries 
may  or  may  not  lie  within  the  inverted  uterus.  The  symptoms  of 
acute  inversion  are  pain,  shock,  hemorrhage,  and  the  detection  of  a 
mass  in  the  vagina.  Chronic  cases  develop  gradually  and  are  asso- 
ciated with  metrorrhagia,  leukorrhea,  dragging  pains  in  the  pehns 
and  back,  and,  from  pressure  on  the  bladder  and  rectum,  dysuiia 
and  constipation.  In  intrauterine  or  partial  inversion  a  cupping  of 
the  fundus  may  be  felt  on  bimanual  examination,  and  the  depressed 
portion  may  be  detected  by  a  soimd  in  the  uterus.  When  the  inver- 
sion is  complete,  the  mass  is  detected  in  the  vagina  or  outside  the 
vulva,  the  uterus  cannot  be  found  in  its  normal  situation,  and  the 
cup-shaped  depression  may  be  felt  on  bimanual  examination.  A 
sound,  or,  better,  the  finger,  may  be  passed  around  the  tumor,  but 
will  enter  the  cervix  for  a  short  distance  only,  or  not  at  all.  The 
mass  is  sensitive,  bleeds  easily,  is  larger  below  than  above,  and  may 
show  the  orifices  of  the  Fallopian  tubes.  The  condition  must  be 
differentiated  from  prolapse  (q.v.)  and  from  polypi.  In  the  latter 
the  uterus  is  in  its  normal  situation,  and  a  sound  cannot  be  passed  all 
around  the  base  of  the  tumor,  but  enters  the  uterine  cavity  at  one 
side  and  reveals  it  to  be  of  normal  or  increased  depth. 

The  treatment  is  reduction,  usually  with  the  aid  of  a  general 
anesthetic.  Emmet's  method  consists  in  passing  the  fingers  around 
the  tumor  and  into  the  cervix,  in  order  to  press  upon  the  f  imdus  with 
the  palm  of  the  hand  while  the  fingers  dilate  the  cervical  ring,  counter- 
pressure  being  made  with  the  other  hand  through  the  abdominal 
wall.  Noeggerath  pushes  on  one  horn  of  the  uterus  with  the  finger, 
thus  reinverting  the  fundus  and  finally  the  body.  Prolonged  pres- 
sure on  the  fundus  may  be  employed  by  gauze  packing  or  an  elastic 
vaginal  bag.  Special  apparatus  also  has  been  invented  to  make 
pressure  on  the  fundus  and  pull  down  the  cervix.  If  these  measures 
fail  the  posterior  lip  of  the  cervix  may  be  cut  through  in  the  median 
line,  the  uterus  reduced,  and  the  cervical  wound  sutured.  Other 
operations  for  this  condition  are  stretching  of  the  cervical  ring 
through  an  abdominal  incision,  and  reduction  by  traction  on  the 
fundus;  opening  the  peritoneal  cavity  through  the  mass,  followed 
by  dilatation  of  the  cervical  ring,  suture  of  the  wound,  and  reposition 
of  the  uterus;  and  vaginal  hysterectomy. 


GENITAL  ORGANS  947 

Fibromyomata  or  "fibroids"  of  the  uterus  are  slow-growing, 
encapsulated  tumors  composed  of  fibrous  and  muscular  tissue, 
the  fibrous  tissue  being  in  excess.  When  the  muscular  tissue  pre- 
dominates, the  term  myofibroma  is  applicable.  Pure  tnyomala  are 
rare,  grow  rapidly,  and  are  not  encapsulated.  Fibroids  arise  during 
the  period  of  sexual  activity,  and  never  before  puberty  or  after  the 
menopause,  in  fact,  subsequent  to  the  climacteric  they  usually  remain 
stationary  or  atrophy.  They  are  most  frequent  in  the  colored 
race  and  in  the  married,  sexual  excitement  and  pregnancy  both  in- 
creasing the  rate  of  growth.  Twenty  per  cent,  of  all  women  who 
have  reached  the  age  of  thirty-five  are  said  to  have  fibroids.  These 
tumors  are  almost  always  multiple  and  vary  greatly  in  size.  The 
body  of  the  uterus,  particularly  the  posterior  wall,  is  the  favorite 
situation.  According  to  their  relations  with  the  uterine  wall,  they 
may  be  inlerstiUal,  submucous,  or  sub- 
peritoneal (Fig.  537);  the  second  and  si/amnrMMi 
third  varieties  may  be  sessile  or  pedun- 
culated. A  pedunculated  submucous 
growth  is  called  a  fibrous  polyp.  The 
uterus  is  enlarged,  and  the  mucous  mem- 
brane hypertrophied  and  sometimes  ulce- 
rated. According  to  the  situation  of  the 
growth,  the  uterus  may  ascend,  descend, 
or  be  pushed  toward  one  of  the  walls  of 
the  pelvis,  while  a  submucous  growth 
may  cause  inver^on.  In  40  per  cent,  of  ' 
the  cases  (Fleck)  there  is  brown  atrophy 
of  the  heart,  a  fact  accounting  foi  some  of  the  sudden  deaths  after 
operation.  In  54  per  cent,  (lait)  there  are  inflammatory  changes  in 
the  tubes  or  ovaries.  The  changes  which  may  occur  in  the  tumor 
itself  are  edema,  suppuration,  gangrene,  calcification,  atrophy  (es- 
pecially after  castration  or  the  menopause),  and  fatt>'.  amyloid, 
m>'zomatous,  cystic,  or  sarcomatous  degeneration  (1-2  per  cent.). 
The  growth  may  be  associated  also  with  chondroma  or  osteoma,  or 
carcinoma  of  the  endometrium. 

The  sympt^mis  are  (i)  hemorihage  (mcnorrhagia,  metrorrhagia, 
and  delayed  menopause),  especially  in  the  submucous  variety;  {2) 
pain  due  to  dysmenorrhea,  particularly  in  submucous  growths,  or 
caused  by  peritonitis  or  pressure  on  the  pelvic  ner\'es;  (j)  stcriUty 
or  miscarriages;  and  (4)  those  due  to  pressure  on  the  urethra  or 
bladder  (dysuria,  frequent  micturition,  retention,  cystitis),  on 
the  ureter  (faydronephro^s,  pyonephrosis),  on  the  rectum  (con- 
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stipation,  tenesmus,  obstruction,  hemorrhoids),  on  the  pelvic  nerves 
{pain  or  numbness),  on  the  pelvic  veins  (varicosities  and  edema  of  the 
leg,  phlebitis),  and  during  labor  (dystocia).  Symptoms  may,  how- 
ever, be  absent  in  even  large  growths.  The  uterus  is  irregularly 
enlarged  and  often  filled  with  hard  masses.  A  submucous  fibroid 
may  be  recognized  with  the  sound,  or  with  the  finger  after  dilatation 
of  the  cervix.  Pregnancy,  particularly  when  associated  with  bleed- 
ing, may  be  mistaken  for  a  fibroid.  In  these  cases  the  cervix  is 
softened  and  the  positive  signs  of  pregnancy  will  sooner  or  later  be 
detected.  It  should  be  remembered  that  the  uterine  souflUe  may 
often  be  heard  in  large  fibroids  and  that  intermittent  contractions 
of  the  uterus  can  sometimes  be  felt.  Examination  with  the  Rontgen 
rays  may  show  the  fetus  after  the  fourth  month  of  pregnancy.  Per- 
haps Abderhalden's  sero-diagnosis  for  pregnancy  may  prove  of  value. 
In  doubtful  cases  the  best  diagnostic  agent  is  time.  It  is  not  unusual 
to  mistake  other  tumors  or  chronic  inflammatory  troubles  of  the 
pelvis  for  a  fibroid.  A  subperitoneal  fibroid  with  a  long  pedicle  may 
easily  simulate  a  growth  of  a  neighboring  organ. 

Treatment  is  not  needed  in  the  absence  of  symptoms.  If  symp- 
toms are  present  the  treatment  may  be  palliative  or  radical.  Pallia- 
tive treatment  may  be  indicated  if  the  general  condition  of  the  patient 
is  bad  because  of  some  independent  affection,  or  if  the  symptoms 
are  slight,  complications  absent,  and  the  menopause  is  near.  Drugs 
like  ergot,  hamamelis,  hydrastis,  thyroid  extract,  pituitarin,  and  ad- 
renalin may  be  given  internally  for  hemorrhage,  and  such  occasion- 
ally lessen  the  size  of  the  growth.  Hygienic  treatment  includes  rest 
in  bed  for  a  portion  of  each  day,  and  the  avoidance  of  constipation, 
coitus,  tight  corsets,  prolonged  walking,  and,  in  short,  anything 
which  induces  pelvic  congestion.  Electrical  treatment  requires 
special  apparatus,  is  not  free  from  risk,  and  should'  never  be  used  in 
complicated  cases;  it  is  said  to  reduce  the  size  of  the  tumor,  but  is 
of  most  value  as  a  hemostatic.  The  positive  pole  is  attached  to  a 
uterine  sound,  which  is  passed  into  the  uterus,  while  the  negative 
pole  is  placed  on  the  abdomen,  the  current  is  then  gradually  turned 
on  to  the  point  of  tolerance  and  so  maintained  for  five  minutes;  this 
may  be  repeated  once  or  twice  a  week.  Radiotherapy  (radium,  X- 
rays)  has  proved  of  service  as  a  hemostatic  agent,  and,  indeed,  accord- 
ing to  some  enthusiasts,  may  cause  the  growth  to  disappear.  A 
preliminary  curettage  is  always  done  to  exclude  malignancy,  and  to 
remove  any  polypi  that  may  be  present.  Radiotherapy,  owing  to 
its  destructive  action  on  the  ovaiies.  produces  an  artificial  menopause, 
and  is  attended  with  the  risk  of  burning.     Fistulae  have  followed  the 
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introduction  of  radium  into  the  uterus.  Although  final  conclusions 
cannot  be  drawn  at  the  present  time,  our  own  practice  is  to  advise 
against  radiotherapy  in  all  operable  cases.  In  the  young  the  ovaries 
can  be  left  when  the  uterus  is  removed;  at  or  after  the  menopause  the 
danger  of  malignancy  is  removed  with  the  uterus.  Curettage  followed 
by  packing  with  iodoform  gauze  is  a  valuable  measure  for  controll- 
ing hemorrhage.  Intrauterine  applications  of  iodin,  carbolic  acid,, 
and  other  hemostatics  also  have  been  used  for  the  metrorrhagia. 
SalpingO'Odphorectomy  checks  the  bleeding  and  diminishes  the  size 
of  the  growth,  and  may  be  employed  in  cases  in  which  hysterectomy 
is  contraindicated,  because  of  its  difficulty  or  the  general  condition 
of  the  patient. 

Radical  treatment  consists  in  removal  of  the  growth  alone,  or  the 
entire  uterus,  either  through  the  vagina  or  through  the  abdomen. 

Removal  of  fibrous  polypi  when  small  may  be  effected  with  the 
curette;  growths  of  larger  size  may  be  twisted  off,  or  the  pedicle 
may  be  cut  with  scissors  or  with  the  wire  6craseur.  Hemorrhage 
following  any  of  these  operations  is  controlled  by  gauze  packing. 

Vaginal  enucleation  of  submucous  fibroids  may  be  performed 
after  dilatation  or  incision  of  the  cervix,  the  capsule  being  incised, 
and  the  tumor  shelled  out  with  the  finger  or  a  blunt  instrument- 
If  the  tumor  is  too  large  to  be  delivered,  it  may  be  reduced  in  size 
by  cutting  sections  out  of  it  {morcellement) . 

Vaginal  hysterectomy  is  rarely  indicated  for  fibromyomata,  as  a 
tumor  large  enough  to  demand  radical  treatment  is  better  dealt 
with  through  the  abdominal  wall.  The  patient  is  placed  in  the 
lithotomy  position,  and  the  cervix  exposed  by  perineal  and  lateral 
retractors,  and  seized  with  strong  tenaculum  forceps.  The  peritoneal 
cavity  is  opened  by  a  curved  incision  behind  the  cervix  and  by  a 
curved  incision  in  front  of  the  cervix,  care  being  taken  not  to  injure 
the  bladder.  The  uterine  artery  on  each  side  is  then  Ugated,  making 
sure  that  the  ureter  is  not  included  in  the  ligature.  The  broad  liga- 
ment between  the  ligature  and  the  uterus  is  cut,  the  uterus  drawn 
farther  down,  and  the  broad  ligament  ligated  in  sections  and  cut 
until  the  uterus  is  freed.  The  final  ligature  is  placed  to  the  outer 
or  inner  side  of  the  ovary,  according  to  whether  it  is  desirable  or  not 
to  remove  that  organ.  After  separating  the  cervix  from  the  vagina 
some  operators  turn  the  uterus  upside  down,  thus  bringing  the  fundus 
into  the  vagina,  and  ligate  and  cut  the  broad  ligament  from  above 
downward.  Others,  instead  of  ligatures,  use  clamps  which  are  re- 
moved at  the  end  of  two  or  three  days;  this  method  facilitates  the 
operation,  but  increases  the  danger  of  secondary  hemorrhage.     When 
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the  uterus  is  too  large  to  be  delivered  through  the  vagina,  it  may  be 
divided  into  halves  in  the  median  line  and  each  half  removed  sepa- 
rately, or,  if  it  is  still  too  large,  wedge-shaped  portions  may  be  ex- 
cised (morcellemeni)  from  its  center.  After  removal  of  the  uterus,  the 
peritoneum  and  vagina  may  be  sutured  or  the  wound  filled  with  gauze. 
Abdominal  myomectomy  consists  in  exposing  the  tumor  throu^ 
an  abdominal  incision,  incising  its  capsule,  enucleating  the  growth, 
and  closing  the  uterine  wound  with  catgut  sutures.  The  operation  is 
sometimes  advised  in  the  young  in  whom  the  growths  are  few  and 
easily  accessible,  but  should  be  seldom  performed  because  of  the 
danger  of  leaving  unnoticed  fibroids,  and  because,  if  the  patient 
subsequently  becomes  pregnant,  the  scar  predisposes  to  uterine 
rupture.  In  pedunculated  subperitoneal  tumors,  the  pedicle  may 
be  ligated  if  small,  or  it  may  be 
exdsed  by  a  wedge-shaped  in- 
cision and  the  wound  in  the 
uterus  closed  with  sutures. 

Abdominal  hysterectcmy 
may    be    partial    or    complete. 
Partial  or  supravaginal  hyskrec- 
tomy  is  the  operation  of  choice  in 
Fio.  338.— DiagraniotsupravagiiuJhys-  the maiority of  cases,  particularly 

terectomy.  showing  liaatures.  from  above    .      ,  .        ,  , 

downward,  on  the  ovanan  artery,  the  round    m  large  tUmorS,  in  the  presence  01 

^^T^'l^^tT  "Th"^  '^^'^a  '^a  degenerative  changes,  and  when 

bJadder  has   been   pushed  downward,   and         °  '^      ' 

the  uterus  amputated  by  a  wedRc-shaped  the  tubes  or  ovaries  are  diseased. 

incision.      The    dotted    lines    indicate    the    rt  .i_  ■  i.       i.i  i  .i 

aituation  of  the  urete™,  which  pass  under  "  "^^  ovanes  are  healthy  and  the 

the  uterine  arteries  about  three-fourths  of   patient  yOUng,  at  Icast  One  shouH 
•n  inch  from  the  cerviit.  *  ■'  "' 

be  preserved ,  m  order  to  avoid  the 
nervous  symptoms  induced  by  an  artificial  menopause.  A  median 
incision  is  made  below  the  umbilicus,  adhesions  separated,  the  uterus 
deUvered  through  the  wound,  the  foot  of  the  table  raised  (Trende- 
lenburg posture),  the  intestines  pushed  upward  and  held  in  place 
with  gauze  pads,  and  each  broad  ligament  severed  after  tying,  with 
catgut,  the  ovarian  artery,  the  round  ligament,  and  the  uterine 
artery,  clamps  or  Ugatures  being  placed  on  the  uterine  edge  of  the 
broad  ligament  to  prevent  reflux  hemorrhage.  The  ligatures  are 
passed  through  the  broad  ligampnt  by  an  aneurysm  or  pedicle  needle 
and  may  be  of  silk  or  catgut.  The  ovarian  artery  may  be  tied 
to  the  outer  or  the  inner  side  of  the  ovary,  according  to  whether 
this  organ  is  to  be  removed  or  retained.  In  securing  the  uterine 
artery,  the  needle  must  be  passed  close  to  the  cervix,  in  order  to 
avoid  the  ureter.    The  two  incisions  in  the  broad  Ugaments  are 
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ow  joined  by  cutting  the  peritoneum  across  the  uterus  just  above 
lie  bladder,  which  is  pushed  downward  with  the  handle  of  the 
nif e.  A  similar  incision  is  made  posteriorly,  and  the  uterus  ampu- 
ited  at  the  level  of  the  internal  os  by  a  wedge-shaped  incision  (Fig. 
38).  The  cervix  is  now  closed  with  cagut  sutures  which,  to  pre- 
ent  prolapse,  should  include  the  ends  of  the  round  ligaments,  and 
le  peritoneum  approximated  over  the  stumps  of  the  arteries  and  the 
ervix  with  a  continuous  catgut  suture.  The  abdomen  is  closed 
ithout  drainage.  Complete  hysterectomy ,  or  panhysterectomy^  is  to 
e  preferred  if  there  is  associated  malignant  disease  or  infection  of 
le  tumor,  or  fibroid  growths  in  the  cervix.  The  broad  ligaments 
re  ligated  and  divided  and  the  bladder  stripped  from  the  cervix,  as 
I  the  previous  oi>eration.  An  incision  is  then  made  into  the  vagina 
irough  Douglas's  cul  de  sac,  and,  aided  by  a  finger  passed  through 
lis  opening  into  the  vagina,  the  incision  is  continued  all  around  the 
?rvix  and  the  uterus  removed.  The  opening  in  the  vagina  is  then 
osed  with  sutures,  or  it  may  give  exit  to  a  gauze  drain  if  such  be 
eeded.  When  there  are  intraligamentary  fibroids,  it  is  often  better 
)  sever  first  the  broad  ligament  on  the  unaffected  side,  then  to  cut 
irough  or  around  the  cervix,  and  ligate  and  divide  the  opposite 
road  ligament  from  below  upward  while  the  uterus  is  rolled  strongly 
>ward  the  afifected  side;  by  this  procedure  an  intraligamentary 
rowth  is  turned  out  of  its  bed  and  the  danger  of  injury  to  the  ureter 
dnimized. 

Polypi  of  the  uterus  are  pedunculated  tumors  springing  from  the 
lucous  membrane  of  the  body,  or  more  frequently  the  neck  of  the 
terns.  Fibrous  polypi  have  been  considered  above.  Mucous 
olypi  are  soft  red  growths  composed  of  mucous  membrane.  Pedun- 
'dated  Nabothian  follicles  are  retention  cysts  of  the  cervical  glands 
hich  have  acquired  pedicles.  Placental  polypi  are  undetached  por- 
ons  of  the  placenta  which  retain  a  vascular  connection  with  the 
terus.    A  papillomatous  polypus  may  spring  from  the  cervix,  and 

very  apt  to  become  malignant.  The  sjrmptoms  are  bleeding, 
rukorrhea,  cramp-like  pains  due  to  the  expulsive  efforts  of  the  uterus, 
ysmenorrhea,  and  sterility.  When  the  polypus  protrudes  from  the 
5,  it  is  easily  detected  with  the  finger  and  the  speculum.  Before 
lis  time  it  may  be  overlooked,  but  may  be  recognized  either  with 
le  sound,  or  with  the  finger  after  dilatation  of  the  cervix.  The 
-eatment  is  removal  by  seizing  the  tumor  with  a  pair  of  forceps, 
dd  twisting  it  until  the  pedicle  gives  way,  or  the  i>edicle  may  be 
lit  with  scissors,  the  galvano-cautery,  or  the  wire  6craseur.  Small 
>f t  polypi  may  be  removed  with  the  curette.  In  all  cases  the  growth 
lould  be  studied  microscopically  to  exclude  malignant  disease. 


952  MANUAL   OF   SURGERY 

Sarcoma  of  the  uterus  is  uncommon,  is  most  frequent  in  the 
body  of  the  uterus,  and  is  often  a  degenerative  process  in  a  fibro- 
myoma.  It  is  usually  of  the  spindle-celled  variety,  and  has  the  same 
tendencies  here  as  elsewhere.  The  symptoms  are  pain,  uterine 
hemorrhages,  watery  leukorrhea,  emaciation,  a  rapidly  growing 
tumor,  and  in  some  cases  ascites.  A  fibroid  which  grows  rapidly, 
continues  to  increase  in  size  after  the  menopause,  or  which  recurs 
after  removal,  strongly  suggests  sarcomatous  degeneration.  The 
treatment  is  complete  hysterectomy. 

Carcinoma  of  the  uterus  is,  following  carcinoma  of  the  stomach, 
the  most  frequent  form  of  malignant  disease  in  the  himian  body.  It 
is  most  common  after  the  fortieth  year,  but  may  arise  in  early  life. 
The  influence  of  heredity  is  doubtful,  but  any  local  irritation,  such 
as  laceration  of  the  cervix,  polypus,  and  chronic  endometritis,  favors 
its  development.  In  over  80  per  cent,  of  the  cases  the  disease  origi- 
nates in  the  cervix.  It  may  be  squamous-celled  {epithelioma)  when 
springing  from  the  vaginal  portion  of  the  cervix,  or  cylindrical-celled 
{adenocarcinoma)  when  attacking  the  cervacal  canal  or  corporeal 
endometrium.  Epithelioma  of  the  cervix  begins  as  a  nodule  in  the 
vaginal  portion  of  the  mucosa,  from  which,  after  a  time,  finger-like 
projections  spring,  forming  a  cauliflower-like  mass;  or  as  the  result  of 
necrosis,  the  growth  appears  as  an  excavated  ulcer  with  hardened 
everted  edges.  Extension  is  most  rapid  in  the  direction  of  the  vagina, 
and  the  growth  involves  the  bladder  at  an  early  period.  Adenocarci- 
noma of  the  cervical  endometrium  soon  causes  enlargement  of  the  cerv- 
ical canal,  either  by  ulceration,  or  by  pressure  from  papillary  growths. 
The  disease  is  prone  to  extend  outward  into  the  parametrium  along 
the  bases  of  the  broad  ligaments,  and  upward  into  the  body  of  the 
uterus,  long  before  it  invades  the  vaginal  portion  of  the  cervix;  the 
bladder,  and  less  frequently  the  rectum,  may  be  involved  in  the 
later  stages.  Cancer  of  the  fundus  projects  into  the  uterine  cavity 
as  a  fungous  mass,  which  ulcerates,  and  extends  through  the  uterine 
wall  to  the  environing  structures.  Cancer  of  the  uterus  in  most 
instances  involves  the  regional  lymph  glands,  only  after  it  has  ex- 
tended to  the  parametrium;  this  is  said  to  be  due  to  the  small  size 
of  the  lymph  vessels  of  the  uterus  and  the  large  size  of  the  epithelial 
cells.  Metastases  to  distant  portions  of  the  body  are  therefore  com- 
paratively infrequent.  Unchecked,  the  disease  is  usually  fatal  in 
from  six  months  to  two  years. 

The  symptoms,  in  the  usual  order  of  their  appearance,  are  hemor- 
rhage, offensive  discharge,  pain,  and  cachexia.  Pain  is  often  absent 
until  the  peritoneum  or  parametrium  is  involved,  while  cachexia  is 


GENITAL  ORGANS  953 

>ften  postponed  until  near  the  end;  consequently  to  wait  for  these 
dgns  before  making  a  diagnosis  is  usually  to  wait  until  the  case 
IS  inoperable.  Pressure  symptoms  similar  to  those  induced  by 
Kbromyomata  (q.v.)  and  urinary  or  fecal  fistulae  from  ulceratibn 
involving  the  bladder  or  rectum  may  arise  in  the  final  stages.  Epi- 
thelioma of  the  vaginal  portion  of  the  cervix  can  be  recognized  with 
the  finger  or  sp>eculum,  as  a  friable,  fimgating,  easily  bleeding  mass. 
In  carcinoma  of  the  cervical  canal  the  cervix  is  enlarged,  firmer  than 
normal,  and  sometimes  infiltrated  with  nodules,  and  the  growth  may 
be  felt  by  inserting  the  finger  into  the  cervical  canal.  Cancer  of  the 
fundus  causes  enlargement  of  the  uterus  and  may  be  felt  with  the 
sound.  In  doubtful  cases  a  portion  should  be  removed  for  micro- 
scopic exanunation,  by  excision  when  the  disease  is  in  the  cervix,  and 
\}y  the  curette  when  in  the  body  of  the  uterus.  Menorrhagia  at,  or 
netrorrhagia  subsequent  to  the  menopause,  is  so  strongly  suggestive 
>f  cancer  as  to  demand  a  most  careful  investigation,  including 
nicroscopic  examination  of  suspected  tissue. 

The  treatment  is  palliative  or  radical.  Palliative  treatment  is 
ndicated  in  inoperable  cases,  which,  unfortunately,  constitute  the 
.rast  majority  of  those  coming  under  observation.  When  the  uterus 
s  fixed  in  the  pelvis,  indicating  invasion  of  the  parametrium,  or 
¥hen  the  bladder  or  rectum  is  involved,  radical  operation  is  gen- 
erally contraindicated,  although  attempts  are  sometimes  made  to 
•emove  a  portion  of  all  these  structures  with  the  uterus.  Hemor- 
'hage  and  discharge  are  greatly  lessened,  and  life  prolonged,  by  re- 
noving  as  much  of  the  growth  as  possible  with  a  curette,  and  cauteriz- 
ng  the  raw  surfaces  with  the  Paquelin  cautery;  the  cavity  is  filled 
inth  iodoform  gauze,  which  is  removed  at  the  end  of  twenty-four 
lours,  and  douches  of  permanganate  of  potassium,  creoUn,  or  other 
intiseptic  deodorant  given  daily.  Care  should  be  taken  not  to 
>erf orate  the  uterus  during  this  operation.  Instead  of,  or  in  addition 
X)  the  Paquelin  cautery,  some  surgeons  insert  into  the  cavity  a 
:anipon  containing  a  50  per  cent,  solution  of  chlorid  of  zinc,  which 
s  allowed  to  remain  several  days.  The  vagina  should  first  be  coated 
with  an  ointment  consisting  of  one  part  of  sodium  bicarbonate  to 
liree  parts  of  vaselin.  Radiotherapy  may  lessen  the  discharge, 
the  fetor,  and  the  pain.  Nothing  short  of  opium  is  of  value  for  the 
excruciating  pain  in  the  later  stages. 

Radical  treatment  consists  in  removal  of  the  uterus  through  the 
\ragina,  through  the  abdomen,  or  by  the  combined  method.  Vaginal 
hystereciomy  may  be  employed  when  the  vagina  is  large,  the  uterus 
small,  and  the  patient  very  stout.     The  operation  is  similar  to  that 
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already  described  for  fibromyoma,  except  that  any  protruding 
carcinomatous  tissue  should  first  be  removed  with  the  curette  and  the 
cervix  closed  with  sutures,  and  hemisection  of  the  uterus  or  morcella- 
tion  should  never  be  employed.  Complete  abdominal  kyslerecUmy 
is  the  operation  of  choice,  as  it  allows  the  wide  removal  of  the  para- 
metrium and  of  any  enlarged  retroperitoneal  lymph  glands.  The 
operation  is  identical  with  that  described  for  fibroids,  except  that  the 
uterus  should  first  be  curetted,  packed  with  gauze,  and  the  cervix 
closed  with  sutures  in  order  to  prevent  infection  of  the  peritoneum 
when  the  vagina  is  opened,  and  the  uterine  arteries  should  be  ligated, 
not  close  to  the  cervix,  but  to  the  outer  side  of  the  ureters.  Com- 
bined vaginal  and  abdominal  hysterectomy  is  preferred  by  some  oper- 
ators. The  cervix  may  be  isolated  from  the  vagina  and  the  operation 
completed  through  the  abdomen;  or  the  broad  ligaments  may  be  tied 
and  divided  from  above,  the  abdomen  closed,  and  the  operation 
completed  through  the  vagina.  The  mortality  of  hysterectomy  for 
carcinoma  is  from  lo  to  20  per  cent.  The  chances  of  permanent 
cure  are  about  5  per  cent,  in  carcinoma  of  the  cervix,  and  about 
75  per  cent,  in  carcinoma  of  the  fundus. 

Endothelioma  of  the  uterus  is  rare  and  cannot  be  differentiated 
clinically  from  carcinoma.    The  treatment  is  complete  hysterectomy. 

Chorio  -epithelioma,  deciduoma  malignum,  or  synctioma  malignum , 
is  a  malignant  growth  springing  from  the  chorionic  epithelium 
following  pregnancy.  The .  growth  resembles  placental  tissue  in- 
filtrated with  blood.  The  symptoms  usually  arise  a  few  weeks  or 
months  after  a  normal  labor  or  an  abortion,  particularly  if  there  has 
been  a  hydatidiform  mole.  There  are  metrorrhagia  and  a  foul 
smelling,  watery  discharge,  and  later  pain.  The  os  is  dilated,  and 
the  uterus  laige  and  its  cavity  filled  with  a  friable,  purplish  mass, 
which  recurs  after  removal,  extends  to  the  surrounding  parts,  and 
quickly  gives  rise  to  distant  metastases.  The  diagnosis  is  made  with 
the  microscope.    The  treatment  is  immediate  complete  hysterectomy. 

DISORDERS  OF  MENSTRUATION 

Amenorrhea,  or  absence  of  menstruation,  is  normal  before 
puberty,  after  the  menopause,  and  during  pregnancy  and  lactation. 
The  pathological  causes  are  atresia  of  the  genital  canal  (conceakd 
menstruation) ,  non-development  or  atrophy  of  the  generative  organs, 
destruction  of  the  ovaries  and  tubes  by  disease  or  their  removal  by 
operation,  exposure  to  the  X-rays  or  radium,  obesity,  emotional 
disturbances,  hysteria,  neurasthenia,  debilitating  diseases,  change  of 
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climate,  catching  cold  during  menstruation,  opium  and  other  drug 
habits,  hypothyroidism,  hypopituitarism,  and  most  frequently  of  all 
chlorosis.  The  treatment  is  that  of  the  cause.  Suppression  of  the 
menses  due  to  cold  is  treated  by  hot  drinks  and  hot  applications. 
Emmenagogues  are  rarely  indicated,  and  should  never  be  employed 
unless  pregnancy  can  be  positively  excluded. 

Vicarious  menstruation  is  the  periodic  discharge  of  blood  from 
some  other  part  of  the  body  than  the  uterine  mucosa.  It  may  occur 
from  any  mucous  membrane,  the  skin,  or  from  an  ulcer,  and  is 
usually  associated  with  amenorrhea  or  scanty  menstruation.  At- 
tempts may  be  made  to  induce  normal  menstruation  by  hot  douches, 
electricity  locally,  and  the  internal  use  of  emmenagogues,  such  as 
iron,  oxalic  acid,  aloes,  apiolin,  or  the  salicylates.  Irritating  appli- 
cations to  the  endometrium  are  dangerous. 

Menorrhagia  is  prolonged  or  increased  menstrual  bleeding. 
Metrorrhagia  is  bleeding  from  the  uterus  between  the  menstrual 
periods.  Among  the  local  causes  are  inflammatory  diseases,  dis- 
placements, injuries,  and  neoplasms  of  the  uterus  or  appendages, 
foreign  bodies  in  the  uterus,  pelvic  tumors  not  connected  with  the 
uterus,  placenta  previa,  detachment  of  the  placenta,  hydatidiform 
degeneration  of  the  chorion,  ectopic  pregnancy,  abortion,  sclerosis  of 
the  uterine  vessels,  and  most  common  of  all  fungous  endometritis. 
Among  the  general  causes  are  anemia,  hemophilia,  acute  infectious 
diseases,  emotional  disturbances,  gout,  scurvy,  syphilis,  malaria,  lead 
poisoning,  and  diseases  of  the  heart,  lungs,  and  liver  (cf.  **  Spon- 
taneous Hemorrhage,''  chap,  xv) .  Hyperthyroidism  should  probably 
be  included  among  these  causes;  also,  from  a  theoretic  standpoint, 
hyperpituitarism,  although  positive  evidence  of  the  influence  of 
the  latter  on  the  menses  is  lacking. 

The  treatment  is  that  of  the  cause.  If  the  cause  cannot  be  found 
and  the  loss  of  blood  is  excessive  radiotherapy  is  the  best  hemostatic. 
In  an  emergency  the  bleeding  may  be  checked  by  packing  the  uterus 
tightly  with  gauze,  the  transfusion  of  human  blood  and  giving  horse 
serum  hypodermatically.  Various  other  measures  can  be  used  for 
the  same  purpose  (see  ** Styptics,"  chap.  xv).  Uncontrollable  bleed- 
ing at  the  menopause  may  demand  hysterectomy. 

Dysmenorrhea  is  excessive  pain  just  before,  during,  or  immedi- 
ately after  the  menses.  Like  amenorrhea,  menorrhagia,  and  metror- 
rhagia, djrsmenorrhea  is  a  symptom,  not  a  disease.  The  following 
varieties  are  described : 

Neuralgic  dysmenorrhea  is  most  frequent  in  the  anemic  and 
nervous,  and  may  or  may  not  be  associated  with  disease  of  the  pelvic 
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organs.  The  pain  is  neuralgic  in  character,  and  may  be  referred  to 
the  uterus,  to  the  ovaries,  or  elsewhere.  It  is  apt  to  be  most  severe 
before,  and  is  occasionally  relieved  by  the  flow.  There  may  be 
neuralgia  in  other  parts  of  the  body.  The  treatmetU  is  attention  to 
the  general  health,  anemia,  gout,  rheumatism,  or  indigestion  and  the 
giving  of  appropriate  remedies.  In  some  instances,  according  to 
the  rhinologists,  the  dysmenorrhea  depends  upon  an  affection  of  the 
nose.  Any  local  disease  should  be  removed,  and  the  pain  itself 
reheved  by  hot  applications  and  the  administration  of  antineuralgic 
remedies  hke  acetphenetidin,  cannabis  indica,  and  belladonna; 
elixir  of  valerianate  of  ammonium  (f  Sii)  or  fluid  extract  of  viburnum 
prunifolium  (f  3i)»  every  three  or  four  hours,  is  frequently  employed. 
In  cases  which  resist  all  other  forms  of  treatment,  removal  of  the 
ovaries  may  be  indicated. 

Congestive  dysmenorrhea  is  due  to  exposure  to  cold,  uterine 
displacement,  pelvic  tumors,  and  inflammations  of  the  uterus,  the 
app)endages,  or  the  environing  structures.  These  conditions,  except- 
ting  the  first,  cause  intermenstrual  symptoms  and  may  be  recognized 
by  pelvic  examination.  The  symptoms  are  worst  at  the  beginning  of 
menstruation,  and  are  often  relieved  by  a  free  flow.  The  treatment 
during  the  attack  is  hot  applications,  hot  sitz  baths,  diuretics,  and 
diaphoretics.    Between  attacks  the  cause  should  be  removed. 

Mechanical  or  obstructive  dysmenorrhea  is  due  to  some  obstruc- 
tion to  the  egress  of  menstrual  fluid,  such  as  stenosis  of  the  cervix, 
flexions  of  the  uterus,  tumors  (particularly  polyps),  and  spasmodic 
contraction  of  the  internal  os.  There  are  severe,  cramp-like  pains 
(uterine  colic) ,  followed  by  a  gush  of  blood  or  the  expulsion  of  dots, 
which  usually  gives  relief.  Between  the  periods  the  passage  of  a 
sound  may  reveal  hyperesthesia  of  the  endometrium,  particularly 
about  the  internal  os.  The  treatment  is  dilatation  of  the  cervical 
canal  if  there  be  stenosis,  and  curettage  of  the  uterus  if  there  be 
endometritis.  Polypi  should,  of  course,  be  removed.  The  treat- 
ment of  flexions  has  already  been  considered.  Obstructive  dysmen- 
orrhea is  often  cured  by  labor,  which  permanently  dilates  the  cervical 
canal. 

Ovarian  dysmenorrhea  is  associated  with  disease  of  the  ovaries, 
the  symptoms  referable  to  these  organs  being  intensified  during  the 
menstrual  period.    The  treatment  is  that  of  the  causative  lesion. 

M  embranous  dysmenorrhea  is  characterized  by  the  expulsion  of  a 
membrane,  the  decidua  menstrualis,  either  in  shreds  or  as  a  cast  of  the 
uterus.  It  is  differentiated  from  an  early  abortion  by  its  regular 
occurrence,  and  by  the  absence  of  chorionic  villi  in  the  membrane. 


GENITAL  ORGANS  957 

a  form  of  endometritis,  and  is  usually  associated  with  sterility. 
treatment  is  dilatation  and  curettage,  which  may  require  repeti- 


L. 


Sterility  in  the  female  is  normal  before  puberty,  after  the  meno- 
se,  and  during  lactation,  although  conception  may  occur  during 

of  these  periods.  At  other  times  it  may  be  due  to  preventive 
Lsures,  vaginismus,  exposure  to  the  X-rays  or  radium,  displace- 
its  or  atrophy  of  the  uterus,  laceration  of  the  perineum  sufficiently 
?re  to  interfere  with  retention  of  semen,  or  to  congenital  defects, 
losis,  atresia,  fistulae,  neoplasms,  or  inflammatory  diseases  of  any 
tion  of  the  genital  tiact.  Among  the  general  conditions  which 
:  be  responsible  are  anemia,  debilitating  diseases,  obesity,  gout, 
[lilis,  locomotor  ataxia,  myelitis,  hypothyroidism,  hypopituita- 
i,  prolonged  use  of  certain  drugs  (alcohol,  arsenic,  bromides, 
►ral,  cocain,  camphor,  opium),  and  lack  of  affinity  between  the 
e  and  female.  It  should  be  recalled  that  in  about  one-fifth  of  the 
s  the  fault  lies  with  the  male,  hence  in  order  to  be  complete, 
nvestigation  for  the  cause  of  sterility  should  include  an  examina- 

of  the  male  sexual  organs,  the  microscopic  examination  of  the 
en  for  spermatozoa,  and  an  inquiry  into  the  potency  of  the  male. 
^"Impotency"  and  '^Sterility  in  the  Male'!.)     The  treatment  is 

of  the  cause. 

THE  FALLOPIAN  TUBES 

[Congenital  Anomalies. — The  tubes  may  be  absent  or  rudiment- 
they  may  have  accessory  fimbriated  extremities,  and  the  tubal 
ts  may  be  doubled  on  one  or  both  sides. 

Displacements  are  usually  downward  and  backward  as  the 
11  of  inflammatory  trouble.  The  tubes  accomi)any  displace- 
its  of  the  uterus  or  ovaries,  and  may  be  pushed  in  any  direction 
:umors. 

Salpingitis,  or  inflammation  of  the  Fallopian  tube,  is  usually  the 
it  of  extension  upward  of  an  endometritis;  its  causes,  therefore, 
ude  those  of  endometritis,  particularly  gonorrhea,  the  use  of 
ic  instruments,  and  sepsis  following  labor  or  abortion;  occa- 
ally  the  inflammation  extends  from  the  peritoneum  or  neighbor- 
organs  other  than  the  uterus,  and  infection  is  sometimes  convcye^l 
he  tube  by  the  blood  or  lymph  vessels.  The  or;?anism  most 
uently  found  is  the  gonococcus,  and  next,  in  the  order  of  their 
uency,  the  streptococcus,  tubercle  bacillus,  colon  bacillus,  staphy- 
ccus,  and  pneumoccoccus.  In  most  of  the  tubes  removed  at 
ation,  cultures  are  negative,  the  organisms  having  perished.    The 
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inflammation  first  involves  the  mucous  membrane,  then  spreads 
through  the  outer  walls  to  the  peritoneum  and  closes  both  ends  of  the 
tube.  The  secretions  accumulate  and  distend  the  tube,  particularly 
the  outer  two-thirds.  The  walls  may  be  either  thinned  or  thickened. 
The  tube  is  distorted,  adherent  to  adjacent  structures,  and  commonly 
displaced  downward  and  backward,  although  it  may  remain  in  its 
normal  situation  or  be  displaced  even  forward.  Hydrosalpinx,  or 
distention  of  the  tube  with  serum  or  mucus,  is  the  result  of  a  catarrhal 
inflammation;  such  a  sac  may  empty  itself  intermittently  into 
the  uterus  (hydrops  tubce  profluens) .  Hematosalpinx  is  distention  of 
the  tube  with  blood,  as  the  result  of  inflammation,  tubal  pregnancy, 
torsion  of  the  tube,  or  atresia  of  any  portion  of  the  genital  tract. 
Pyosalpinx  is  distention  of  the  tube  with  pus,  which  may  rupture  into 
the  bowel,  bladder,  vagina,  or  into  the  peritoneal  cavity,  in  the  last 
instance  causing  a  pelvic  abscess  or  a  generalized  peritonitis.  Leak- 
age of  the  pus  from  the  abdominal  ostium  also  may  occur,  and  rarely 
the  infection  spreads  downward  between  the  layers  of  the  broad 
ligament,  giving  rise  to  pelvic  cellulitis  or  abscess  of  the  broad 
ligament. 

I'he  symptoms  are  pain  in  the  lower  abdomen,  most  marked  just 
above  Poupart's  ligament,  and  increased  by  walking,  jolting,  or 
straining;  leukorrhea;  dysmenorrhea;  menorrhagia;  sometimes  met- 
rorrhagia; usually  sterility;  and  disturbances  of  the  general  health. 
There  are  often  backache,  rectal  pain  intensified  at  stool,  and  some- 
times pain  in  distant  parts,  such  as  the  head,  the  breast,  the  epi- 
gastrium, or  the  thighs.  In  pyosalpinx  there  may  be  repeated 
attacks  of  pelvic  peritonitis  with  septic  symptoms.  On  bimanual 
examination,  pressure  on  the  uterus,  or  in  the  lateral  or  posterior 
fornix,  causes  pain;  the  uterus  is  usually  retroverted  and  adherent, 
and  the  distended  tubes  are  felt  behind  or  to  the  sides  of  the  uterus. 

The  treatment  may  be  medical  or  surgical.  Medical  treatmeni 
is  indicated  during  the  acute  stage,  during  acute  exacerbations  of  a 
chronic  inflammation,  and  in  chronic  cases  in  the  absence  of  suppura- 
tion. In  the  presence  of  acute  symptoms  with  fever,  the  patient 
should  be  confined  to  bed  and  be  given  a  liquid  diet.  An  ice  bag 
should  be  applied  to  the  hypogastrium,  copious,  hot  vaginal  douches 
given  twice  a  day,  and  the  bowels  thoroughly  moved  with  salts. 
Depletion  may  be  secured  also  by  scarification  of  the  cervix  and  gly- 
cerin tampons.  In  severe  cases  anodynes  and  stimulants  wiU  be 
required.  When  the  acute  symptoms  have  subsided,  absorption  of 
the  exudate  may  be  encouraged  by  the  application  of  iodin  to  the 
vaginal  f  ornices,  and  by  the  pressure  of  tampons  containing  glycerin 
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or  ichthyol,  which  should  be  removed  in  forty-eight  hours,  a  copious 
hot  douche  taken,  and  the  tampons  reinserted.  Curettage  of  the 
uterus  should  not  be  performed;  it  may  stir  the  chronic  inflammation 
to  renewed  activity. 

The  surgical  or  radical  treatment  of  salpingitis  is  indicated  in 
the  presence  of  pus,  and  in  cases  in  which  medical  treatment  fails  to 
give  relief;  in  other  words,  in  the  large  majority  of  cases.     The  tubes 
may  be  exposed  for  operative  attack  through  the  vagina  or  through 
the  abdomen.     In  vaginal  section  the  intestines  and  ureters  are  more 
apt  to  be  damaged,  bleeding  is  more  diflEicult  to  control,  secondary 
hemorrhage  is  more  frequent,  the  general  peritoneal  cavity  cannot 
be  protected,  and  disease  of  environing  organs,  particularly  the 
appendix,  cannot  be  treated  satisfactorily;  it  is,  therefore,  seldom 
indicated.    Abdominal  section  is  always  more  or  less  exploratory  in 
these  cases,  and  the  surgeon  should  secure  permission  to  do  that 
which  in  his  judgment  seems  best.     The  abdomen  is  opened  by  a 
median  incision  below  the  umbilicus,  the  table  raised  to  the  Trendel- 
enburg posture,  and  the  operative  field  isolated  with  gauze.     After 
identifying  the  fundus  of  the  uterus,  two  fingers  are   insinuated 
downward  along  its  posterior  surface  and  adhesions  separated  in  the 
linea  of  least  resistance,  the  fingers  passing  outward  and  usually 
unrolling  the  tube  from  below  upward.     Adhesions  may  require  the 
use  of  scissors  and  the  application  of  ligatures.     Should  pus  appear 
at  any  time,  it  is  caught  with  sponges  and  the  table  immediately 
lowered,  while  any  unavoidable  injury  to  the  bowel  should  be  closed 
at  once  with  sutures.    As  a  rule  both  tubes  and  ovaries  will  be  so 
extensively  diseased  as  to  require  removal  {satpingo-oophorectomy) , 
This  may  be  done  by  passing  a  pedicle  needle  armed  with  catgut 
through  the  broad  ligament  and  below  the  round  ligament  (Fig. 
539)  \  ^®  loop  of  the  ligature  is  cut,  one-half  tied  around  the  tube 
close  to  the  uterus,  and  the  second  beneath  the  ovary.     The  cads  of 
one  of  these  ligatures  may  be  left  long  and  again  carried  around  the 
pedicle  and  tied,  always  using  a  surgeon's  knot  first  and  then  a  single 
knot.     The  tube  and  ovary  are  then  amputated  above  the  ligatures, 
leaving  suflicient  tissue  to  prevent  slipping.     This  method  is  easy 
and  quick,  but  may  be  followed  by  secondary  hemorrhage,  as  the 
ligatures  are  apt  to  loosen  from  shrinkage  oi  the  stump  or  to  cut 
through  the  friable  tissues;  moreover,  the  large  area  left  uncovered 
by  peritoneum  predispK>ses  to  adhesions  and  intestinal  obstruction. 
A  better  way  is  to  pass  a  ligature  through  the  broad  ligament  to  the 
outer  side  of  the  ovary,  thus  including  the  infundibulo-pelvic  liga- 
ment and  the  ovarian  artery.    A  second  ligature  is  then  placed  in  the 
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angle  between  the  round  ligament  and  the  uterus,  securing  the  upper 
end  of  the  uterine  artery  (Fig.  539).  The  tube  and  ovary  are  re- 
moved by  cutting  close  to  them  with  scissors,  the  uterine  end  of  the 
tube  being  amputated  by  a  wedge-shaped  incision.  The  wound  in 
the  uterus  and  broad  ligament  is  now  closed  with  a  continuous  catgut 
suture.  When  both  tubes  and  ovaries  are  excised,  some  operators 
advise  a  supravaginal  amputation  of  the  uterus,  in  order  to  remove 
all  the  infected  structures,  and  likewise  prevent  the  adhesions  which 
necessarily  form  between  the  intestines  and  the  raw  posterior  surface 
of  the  uterus.  If  the  ovaries  are  normal  they  should  be  allowed  to 
remain,  the  ligature  securing  the  ovarian  artery  being  placed  to  the 
inner  side  of  the  ovary.  Occasionally  only  the  outer  two-thirds  of  the 
tube  will  require  removal,  the  mucous  membrane  of  the  remaining 
portion  being  sutured  to  the  peritoneum,  in  order  to  allow  the  passage 
of  ova.  In  cases  of  sterility  due  to 
closure  of  the  abdominal  ostium. 
salpingostomy  may  be  performed 
if  the  tube  is  fairiy  healthy.  The 
outer  end  of  the  tube  is  opened, 
and  its  mucous  membrane  sutured 
to  the  peritoneum  with  catgut. 
When  the  tubes  are  neither  s«> 
Fic  S3S  —Methods  of  1  gat  on  n  sal  ously  altered  in  structure  nor 
gSrnrSrS,.rr  r^nS  occMed,  but  slmply  proUp«d 
iigauoD  of  the  individual  vessels,  with  and  adherent,  the  adhesions  may 

wedge-shaped  amputation  of  the  tube;  the 

wound  in  the  uterus  and  broad  liBament  is   be  Separated,  and    the    tubeS  re- 

elosed  with  a  continuous  catgut  suture.  ^^^^  j„  ^jj^j ^  normal  pOSition  bv 

shortening  the  infundibulo-pelvic  ligaments,  or  by  performing  one 
of  the  operations  for  retroversion.  Drainage  is  rarely  needed  after 
operations  for  salpingitis,  but  may  be  required  for  continued  oorings 
from  adhesions,  or  in  cases  in  which  the  infection  is  active.  The 
best  drain  for  these  cases  is  vaselinized  gauze,  gaining  exit  through 
the  posterior  vaginal  fornix. 

Tuberculous  salpingitis  is  the  most  frequent  form  of  geoiul 
tuberculosis;  it  is  usually  bilateral  and  secondary  to  tuberculosis 
elsewhere,  but  may  be  primary,  the  bacilli  being  conveyed  to  the 
tubes  from  the  endometrium  or  peritoneum,  or  through  the  blood  or 
lymph  vessels.  The  tubes  are  usually  distended  with  pus  or  cheesy 
material,  and  give  rise  to  symptoms  similar  to  those  of  other  forms 
of  salpingitis.  The  condition  may  be  suspected  if  there  b  tubM- 
culosis  elsewhere  in  the  body,  if  evidences  of  other  forms  of  infec- 
tion are  absent,  if  there  is  an  encysted  ascites,  and  if  on  bimanual 
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examination  the  tubes  are  nodular  and  only  slightly  sensitive. 
Tubercle  bacilli  have  been  found  in  the  discharge  from  the  uterus. 
The  treatment  is  salpingo-oophorectomy. 

Neoplasms  of  the  tubes  include  papilloma,  carcinoma,  fibro- 
myoma,  lipoma,  dermoids,  l}anphangioma,  enchondroma,  and  sar- 
coma. These  growths  are  rarely  recognized  until  after  abdominal 
section  for  their  removal. 

Extrauterine  or  ectopic  pregnancy  occurs  about  once  to  every 
500  intrauterine  pregnancies.  The  causes  are  not  clear,  but  it  is 
supposed  to  be  due  to  an  unusually  large  ovum,  or  to  conditions 
which  narrow,  elongate,  or  twist  the  tube,  or  destroy  the  cilia  of  the 
mucosa,  thus  interfering  with  its  peristalsis.  Among  these  condi- 
tions are  salpingitis,  peritoneal  adhesions,  neoplasms,  stenosis  or 
atresia,  and  tubal  diverticulum.  According  to  its  situation  the 
pregnancy  may  be  ( i)  tubal,  usually  in  the  free  portion  (tubal  proper) , 
but  occasionally  in  that  part  embraced  by  the  uterine  wall  (iubo- 
uterine  or  interstitial),  or  between  the  tube  and  the  ovary  (tubo- 
cvarian)]  (2)  ovarian,  which  is  very  rare;  or  (3)  abdominal,  the 
ovum  being  fertilized  and  developing  in  the  peritoneal  cavity  (pri- 
mary  abdominal  pregnancy),  an  event  which  many  believe  cannot 
occur,  or  escaping  from  one  of  the  previously  mentioned  situations 
and  continuing  its  growth  in  the  abdominal  cavity  (secondary 
abdominal  pregnancy) .  It  is  possible  for  an  enlarging  ovum  in  the 
uterine  cavity  to  break  through  an  old  scar  in  the  uterus  and  thus 
become  abdominal. 

Pathology. — In  tubal  pregnancy  the  walls  of  the  tube  at  first 
thicken,  and  later  become  thin  and  weak  owing  to  distention  and  to 
the  ingrowth  of  chorionic  villi.  The  abdominal  ostium  narrows,  and 
finally  closes  about  the  eighth  week.  Prior  to  this  time  the  ovum 
may  be  extruded  from  the  fimbriated  extremity,  constituting  a 
tubal  abortion.  If  this  does  not  occur,  the  tube  usually  ruptures, 
most  often  between  the  eighth  and  twelfth  weeks,  either  into  the 
peritoneal  cavity  or  between  the  layers  of  the  broad  ligament. 
In  the  former  event  the  hemorrhage  may  be  quickly  fatal,  or,  if 
the  rupture  is  small,  the  bleeding  may  be  checked  by  the  bulging 
ovum  and  a  new  sac  be  formed,  which  in  turn  is  ruptured,  either 
causing  a  fatal  hemorrhage,  or  again  forming  a  new  sac.  In  rupture 
between  the  layers  of  the  broad  ligament,  the  bleeding  is  limited 
and  seldom  directly  fatal,  unless  the  broad  ligament  becomes  over- 
distended  and  also  gives  way.  Hemorrhage  is  frequently  the  result 
of  perforation  of  the  tube  by  developing  villi,  instead  of  rupture.     In 

interstitial  pregnancy  rupture  is  often  postponed  until  the  end  of  the 
01 
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fourth  month,  and  occasionally  takes  place  into  the  uterine  cavity. 
The  ovum  develops  normally  until  the  first  hemorrhage,  when  the 
fetus  usually  dies;  if  the  patient  survives,  the  ovum  may  be  ab- 
sorbed or  converted  into  a  tubal  mole,  or  it  may  cause  suppuration. 
Occasionally  the  fetus  survives,  and,  particularly  in  extraperitoneal 
ruptures,  may  reach  even  full  development.  If  the  fetus  dies  after 
it  has  attained  a  large  size,  it  may  mummify,  calcify  (lithopedian), 
be  converted  into  adipocere,  or  suppurate,  the  resulting  abscess 
breaking  into  the  peritoneal  cavity,  rectum,  vagina,  bladder,  or 
through  the  abdominal  wall.  It  has  been  asserted  that  the  placenta 
may  continue  to  develop  after  the  death  of  the  fetus,  but  this  is 
doubtful.  When  the  ovum  is  impregnated,  the  endometrium  forms 
a  decidua  which  is  often  expelled  at  the  time  of  the  tubal  abortion 
or  rupture.  Bilateral  ectopic  gestation,  coincident  intra-  and  ex- 
trauterine pregnancy,  and  twin  or  triplet  extrauterine  pregnancy 
have  all  been  observed. 

Symptoms  are  often  absent  until  the  time  of  rupture.  There  is 
frequently  a  history  of  sterility  or  salpingitis,  followed  by  amenorrhea 
and  the  early  signs  of  pregnancy.  Tubal  abortion  or  rupture  is 
announced  by  severe,  sharp,  often  excruciating  pain,  with  shock  or 
syncope,  and  the  symptoms  of  internal  hemorrhage.  At  this  time 
there  will  likely  be  metrorrhagia  with  discharge  of  the  uterine  decidua, 
either  in  shreds  or  as  a  cast  of  the  uterus.  If  the  patient  survives, 
other  attacks  usually  follow.  If  the  gestation  goes  to  term,  spurious 
labor  occurs,  and  the  fetus  dies  and  undergoes  the  changes  mentioned 
above.  The  uterus  is  enlarged,  the  cervix  soft,  and  prior  to  rupK 
ture  the  tube  is  slightly  distended.  Subsequent  to  rupture  the  local 
signs  are  those  of  pelvic  hematocele  or  hematoma  (q.v.).  The 
conditions  resembling  ectopic  gestation  may  be  grouped  under  five 
headings:  (i)  Uterine  pregnancy  (particulary  when  compUcated 
by  one  of  the  conditions  mentioned  below),  pregnancy  in  a  bicomate 
uterus,  and  spurious  pregnancy;  (2)  any  condition  giving  rise  to  a 
pelvic  mass,  notably  salpingitis,  and  ovarian  cyst  with  twisted 
pedicle;  (3)  conditions  associated  with  acute  pain,  such  as  appendi- 
citis and  other  acute  intraabdominal  diseases;  (4)  conditions  associ- 
ated with  metrorrhagia,  especially  abortion,  which  is  the  aflFection 
most  often  mistaken  for  ectopic  pregnancy  by  the  general  practi- 
tioner, because  both  are  preceded  by  amenorrhea,  and  in  each  a 
decidual  membrane  is  discharged;  and  (5)  intraabdominal  bleeding 
from  causes  other  than  extrauterine  pregnancy,  e.g.,  ruptured 
ovarian  hematoma  (q.v.)  and  ruptured  varix  of  the  broad  ligament 
(cf.  ^Telvis  Hematocele  and  Hematoma'*).     In  the  last  group  the 
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exact  diagnosis  is  seldom  made  before  operation.  It  is  too  early 
to  make  a  dogmatic  statement  as  to  the  value  of  Abderhalden's 
sero-test  for  pregnancy,  including  the  ectopic  variety.  The  X-ray 
might  prove  of  service  m  late  cases,  i.e.,  after  the  fourth  or  the  sixth 
month. 

The  treatment  before  rupture  is  abdominal  section  and  removal  of 

the  affected  tube,  providing  the  diagnosis  can  be  made  at  this  time. 

If  rupture  occurs  into  the  peritoneal  cavity,  the  abdomen  should  be 

opened  immediately,  the  tube  and  ovary  on  the  affected  side  removed 

as  quickly  as  possible,  liquid  and  clotted  blood  washed  from  the 

abdominal  cavity  with  salt  solution,  the  abdomen  closed  without 

drainage,  and  the  patient  treated  for  shock  and  acute  anemia.     To 

allow  the  effused  blood  to  remain  in  the  peritoneal  cavity  causes 

autointoxication,  intestinal  paresis,  adhesions,  and  predisposes  tc 

peritonitis.     In  interstitial  pregnancy  it  may  be  necessary  to  perform 

hysterectomy  in  order  to  control  the  bleeding.     When  rupture  occurs 

between  the  layers  of  the  broad  ligament,  if  the  hematoma  is  small 

and  there  are  no  constitutional  symptoms  of  hemorrhage,  the  patient 

should  be  put  in  bed,  an  ice  cap  applied  to  the  lower  abdomen, 

and  exi>ectant  treatment  adopted,  with  the  hope  that  absorption 

will  occur.     If  the  hematoma  is  large,  or  if  constitutional  symptoms 

of  hemorrhage  are  present,  operation  is  indicated.     If  a  hematoma 

treated  expectantly  suppurates,  it  should  be  opened  through  the 

vagina  and  drained.     In  advanced  extrauterine  pregnaftcy,  if  the  fetus 

is  alive,  operation  may  be  delayed  until  just  short  of  term,  with  the 

hope  of  saving  the  life  of  the  child.     The  entire  fetal  sac  should  be 

removed  if  possible;  when  this  is  inadvisable,  it  should  be  sutured 

to  the  skin  and  drained.     The  placenta  should,  however,  be  removed 

if  such  can  be  done  with  safety.     Often  the  fear  of  a  fatal  hemorrhage 

will  cause  the  operator  to  tie  the  cord  close  to  the  placenta  and  allow 

it  to  come  away  at  a  later  period.     In  advanced  cases  in  which  the 

child  is  dead,  the  entire  sac  should  be  removed  or  drained,  according 

to  indications. 

THE  OVARY 

The  ovaries  may  be  absent  or  rudimentary,  and  accessory 
ovaries  have  occasionally  been  observed. 

The  ovary  may  be  displaced  by  changes  in  the  position  of  the 
Fallopian  tube  or  uterus,  by  tumors,  and  by  peritoneal  adhesions.  It 
may  be  fixed  at  a  high  level,  thus  corresponding  to  an  undescended 
testicle,  or  it  may  be  found  in  the  sac  of  a  hernia.  The  most  impor- 
tant displacement  is  prolapse  of  the  ovary  downward  into  Douglas's 
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pouch.  It  may  be  caused  by  relaxation  of  the  ligaments,  especially 
after  child-birth,  increased  intraabdominal  pressure,  retrodeviations 
of  the  uterus,  salpingitis,  and  by  any  condition  which  increases  the 
weight  of  the  ovary,  e.g.,  neoplasms  and  inflammatory  afiFections. 
The  symptoms  are  those  of  the  causative  lesion,  with  those  of  pressure 
on  the  ovary,  viz.,  dyspareunia,  painful  defecation,  and  pain  on  stand- 
ing or  walking.  The  diagnosis  is  made  by  bimanual  examination. 
The  treatment  is  that  of  the  condition  which  has  caused  the  prolapse. 
When  due  simply  to  relaxation  of  the  ligaments,  without  serious 
changes  in  the  ovary,  the  infundibulo-pelvic  ligament  may  be  short- 
ened, or  the  ovary  sutured  to  a  fixed  pK)rtion  of  the  broad  ligament. 

OvaritiSy  or  inflammation  of  the  ovary,  may  be  acute  or  chronic. 

Acute  ovaritis  may  occur  in  mumps  or  other  acute  infectious  fevers, 
and  after  the  ingestion  of  metallic  poisons,  such  as  arsenic  and  phos- 
phorus, but  it  is  most  frequently  secondary  to  salpingitis,  hence  due 
to  the  same  causes.  The  ordinary  phenomena  of  inflammation  are 
present.  The  disease  may  terminate  in  resolution  or  in  abscess 
formation,  or  it  may  become  chronic.  The  symptoms  are  those  of  the 
salpingitis  with  which  it  is  usually  associated;  pain,  however,  is 
much  more  intense.  Pelvic  peritonitis  and  the  constitutional 
symptoms  of  sepsis  are  present  in  the  severer  forms.  Occasionally 
the  enlarged  ovary  may  be  mapped  out  on  bimanual  examination, 
but  as  a  rule* all  that  can  be  felt  is  a  sensitive  mass  behind  or  to  the  side 
of  the  uterus,  consisting  of  tube,  ovary,  and  pelvic  exudate.  The 
treatment  is  that  of  acute  salpingitis. 

Chronic  ovaritis  may  follow  the  acute  form,  or  it  may  be  caused  by 
repeated  or  continued  congestion  the  result  of  excessive  vener>*, 
menstrual  suppression,  displacements  of  the  uterus,  pelvic  tumors,  or 
inflammatory  affections  of  adjacent  organs.  In  the  early  stages  the 
ovaries  are  enlarged  and  firm  (hyperplastic  ovaritis)  and  are  apt  to 
prolapse  behind  the  uterus.  At  a  later  period  rupture  of  the  Graafian 
follicles  is  hindered  by  the  thickened  tunica  albuginea  and  the  ovary 
is  filled  with  small  cysts  {cystic  ovaries).  In  the  final  stages  the  con- 
nective tissue  contracts  and  renders  the  ovary  small,  hard,  and 
fissured  (cirrhosis  of  the  ovaries).  The  symptoms  are  pain  in  the 
region  of  the  ovary,  increased  by  walking,  defecation,  coitus,  or 
jolting  and  worse  at  the  menstrual  periods,  which  are  apt  to  be 
profuse  and  prolonged.  Sterility  is  common,  and  when  the  ovaries 
become  cirrhotic,  there  may  be  amenorrhea.  Hysteria,  neurasthe- 
nia, and  various  reflex  neuroses  are  frequent  complications.  The 
diagnosis  is  made  by  bimanual  examination,  which  is  often  rendered 
easier  by  descent  of  the  ovaries. 
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itment  is  removal  of  the  cause  of  congestion  if  possible, 
'  the  general  health,  the  application  of  iodin  to  the  vaginal 
tort  of  the  ovary  with  a  tampon,  and  hot  vaginal  douches, 
asures  fail  to  give  relief,  the  ovaries  should  be  removed. 

the  most  diseased  portion  of  the  ovary  by  a  wedge- 
don  followed  by  suture,  puncturing  of  cysts,  and  shorten- 
nfundibulo-pelvic  ligament  may  be  beneficial,  but  such 
e  uncertain. 
ilosis  of  the  ovary  is  almost  always  secondary  to  tubercu- 

Fallopiantube  or  peritoneum,  and  the  infected  ovary 
amoved  when  the  disease  in  these  situations  is  attacked. 
■  of  the  ovary  prior  to  the  menopause  may  be  caused  by  the 
tumors,  chronic  inflammation,  ovarian  hemorrhage, 
:  the  broad  ligament, 
tion  of  the  uterus, 
ibetes,  myxedema, 
rism,  and  by  certain 
id  exhausting  dis- 
lere  is  amenorrhea 
y.  The  treatment  is 
the  cause. 

I  hemorrhage  may 
into  the  foUicles  Or 
he  ovary,  as  the  re- 
estion  or  inflamma- 

called  ovarian  apo- 
en  the  hemorrhage 
le  whole  organ  may 
d  into  a  blood  sac  {hematoma  of  the  ovary),  which  may 
I  the  peritoneal  cavity,  resulting  in  the  formation  of  a 

or  occasionally  causing  death  from  hemorrhage.  These 
sually  mistaken  for  ectopic  pregnancy.  Small  hemor- 
)f  little  importance,  but  profuse  bleeding  demands  ab- 
tion  and  removal  of  the  ovary. 

of  the  ovary  include  the  fibroma,  myoma,  fibromyoma, 
ipilloma,  carcinoma,  and  endothelioma.  All  of  these 
comparatively  rare,  and  the  malignant  are  more  frequent 
lign  varieties.     Carcinoma  is  usually  secondary,  but  may 

and  is  commonly  of  the  medullary  variety.  Sarcoma 
i  the  most  frequent  neoplasm,  itisusually  of  the  spindle- 
ty,  and  may  occur  in  childhood.  The  ovary  rapidly 
netimes  reaching  an  enormous  size,  but  retains  its  shape 
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-and  presents  a  smooth  surface.  Ascites  is  common  and  the  other 
ovary  is  usually  involved.  The  symptoms  of  tumors  are  those  of 
cysts  of  the  ovary.  Rapid  growth  and  ascites  always  suggest 
malignancy.  The  treatment  is  removal  of  the  ovary;  the  opposite 
organ  should  always  be  excised  in  sarcoma,  as  it,  too,  is  generally 
sarcomatous. 

Cysts  of  the  ovary  and  parovarium  may  be  found  at  any  time  of 
life,  but  are  most  frequent  between  the  ages  of  twenty  and  fifty. 
The  etiology  is  obscure,  some  are  undoubtedly  the  result  of  inflam- 
mation. Fig.  541  shows  the  areas  in  and  about  the  ovary  in  which 
cysts  develop.  The  hydatid  of  Morgagni,  representing  the  closed 
extremity  of  Miiller's  canal,  is  a  small  cyst  which  may  be  regarded 
as  normal. 

Cysts  of  the  oSphoron,  or  egg  bearing  portion  of  the  ovary,  are 
of  several  varieties.    Simple  or  follicular  cysts  {hydrops  foUiculorum) 
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Pig.  541. — Diagram  showing  structures  from  which  cysts  arise. 


are  dilated  Graafian  follicles;  they  are  unilocular,  multiple,  and  usu- 
ally bilateral  and  of  small  size,  but  occasionally  may  be  as  large  as, 
or  larger,  than  a  man's  head.  The  cyst  replaces  the  ovary  and  has  a 
thin  wall  and  serous  contents.  Cysts  of  the  corpus  luteum  are  uniloc- 
ular and  rarely  larger  than  an  orange.  Microscopic  examination 
of  the  wall  demonstrates  the  bud-like  papillae  characteristic  of  the 
corpus  luteum.  Cystadenoma  (glandular  proliferating  cyst)  springs 
from  the  parenchyma  of  the  ovary  and  may  attain  an  enormous 
size.  It  is  always  multilocular,  and  sometimes  resembles  a  honey- 
comb on  section,  the  walls  being  made  up  of  altered  glandular  tissue. 
Unilocular  cysts  of  this  variety  are  due  to  absorption  of  the  partition 
walls.  The  contents  may  be  thin  or  gelatinous,  and  light  yellow, 
green,  purple,  or  black  in  color;  the  contents  of  the  different  loculi 
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Id  the  same  cyst  usually  vary  in  color  and  consistency.  Occasionally 
the  cysts  contain  papillary  growths.  Dermoids  containing  epiblastic 
derivatives,  such  as  hair,  teeth,  etc.,  occur  in  the  ovaries,  as  well  as 
teratomaiay  which  contain  tissues  from  all  the  blastodermic  layers. 
Dermoids  have  dense  walls,  and,  because  of  their  weight,  are  more 
prone  to  rotate  on  the  pedicle  than  other  cysts.  Rupture  or  aspira- 
tion of  a  dermoid  may  result  in  peritonitis,  owing  to  the  irritating 
character  of  its  contents. 

Cysts  of  the  paroophoron^  or  hilum  of  the  ovary,  which  consists  of 
connective  tissue  and  blood  vessels,  are  usually  unilocular,  do  not 
aflFect  the  shape  of  the  ovary  unless  of  large  size,  burrow  between  the 
layers  of  the  mesosalpinx  and  broad  ligament,  and  generally  contain 
papillomatous  masses  {proliferating  papillary  cysts),  which  may  spread 
to  and  infect  the  peritoneum,  causing  ascites  and  the  growth  of 
papillomata  all  over  the  abdominal  cavity.' 

Cysts  of  the  parovariimi  arising  in  the  vertical  tubes  are  generally 
unilocular,  filled  with  a  clear  fluid  of  low  specific  gravity,  and  burrow 
between  the  layers  of  the  broad  ligament.  They  neither  contract 
adhesions  nor  suppurate,  and  never  occur  before  puberty.  The 
ovary  is  attached  to  one  side  of  the  cyst,  over  which  is  stretched  the 
Fallopian  tube.  Cysts  of  GSrtner^s  duct  may  project  down  into  the 
vagina.  Cysis  of  KobeWs  tubes  are  small,  pedunculated,  and  of 
no  clinical  importance. 

Tubo-ovarian  cysts  are  retort-shaped  and  due  to  fusion  of  the 
tube  with  an  ovarian  cyst,  or  to  the  communication  of  the  tube  with 
an  abnormal  peritoneal  investment  of  the  ovary  {ovarian  hydrocele). 
In  some  of  these  cases  the  fluid  is  evacuated  through  the  tube  into 
the  uterus. 

The  symptoms  of  ovarian  cysts  are  mainly  those  of  pressure, 
such  as  have  been  listed  under  fibromyomata  of  the  uterus,  and  those 
due  to  accidental  complications.  Menstruation  may  be  unaffected, 
or  there  may  be  amenorrhea  from  destruction  of  the  ovaries,  or 
menorrhagia  from  pressure  on  the  pelvic  veins.  When  the  tumor 
is  very  large  it  interferes  with  respiration,  presses  on  the  stomach 
and  intestines,  causing  emaciation  and  a  peculiar  facial  expression 
(facies  ovariana),  and  leads  to  umbilical  hernia,  dilated  superficial 
veins,  and  to  the  formation  of  lineae  albicantes.  Sometimes  the 
breasts  enlarge,  become  pigmented  and  painful,  and  secrete  col- 
ostrum. Death  is  usually  the  result  of  exhaustion,  uremia,  or  some 
complication. 

The  complications  are  ascites,  inflammation  (adhesions,  suppura- 
tion), torsion  of  the  pedicle  (hemorrhage,  gangrene),  and  rupture. 
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Ascites  is  most  frequent  in  malignant  growths,  fibromata,  and 
papillomatous  cysts. 

Inflammation,  causing  symptoms  of  localized  peritonitis,  may 
be  caused  by  tapping,  or  by  infection  derived  from  the  tubes,  bladder, 
intestines,  or  from  the  blood  or  lymph  vessels.  Circumscribed  or 
universal  adhesions  are  thus  formed  between  the  cyst  wall  and 
adjacent  structures,  which  may  be  vascular  enough  to  keep  the  cyst 
alive,  even  after  it  has  been  separated  from  its  pedicle.  Suppuration 
is  most  frequent  in  dermoids,  and  is  manifested  by  the  signs  of  a 

severe  localized  peritonitis,  with 
the  constitutional  symptoms  of 
sepsis.  The  treatment  of  these 
cases  is  immediate  removal  of  the 
cyst,  or,  when  this  is  impossible, 
suture  of  the  cyst  to  the  addominal 
wall  and  drainage.    Left  to  itself 


Pig.  542.  Pig.  543- 

Pig.  542. — Area  of  dulness  in  ascites  (shaded)  and  in  ovarian  cyst  (dotted  Knc) 
when  the  patient  is  recumbent.  Note  that  the  former  is  symmetric,  with  a  concave 
upper  border;  that  the  latter  is  asymmetric  and  convex.  The  shape  of  the  dull  area  in 
ascites  changes  with  the  position  of  the  patient,  that  of  a  cyst  is  always  the  same. 

Pig.  543. — Lateral  view  of  abdomen  in  ascites.  Dotted  line  indicates  ovarian  cyst 
and  its  effect  on  the  profile  of  the  abdomen.  Note  that  in  ascites  the  greatest  circoxn- 
ference  is  at,  in  ovarian  cyst  below,  the  umbilicus. 


the  abscess  may  rupture  into  the  peritoneal  cavity,  into  one  of  the 
hollow  viscera,  into  the  vagina,  or  externally  through  the  abdominal 
wall. 

Torsion  of  the  pedicle  is  most  apt  to  occur  when  the  pedicle  is 
long,  when  the  tumor  is  small  and  heavy,  e.g.,  demxoids,  and  during 
pregnancy.  If  the  twist  takes  place  slowly,  the  cyst  may  be  gradu- 
ually  separated  from  its  pedicle  and  be  nourished  by  adhesions. 
When  the  torsion  is  acute  and  tight,  strangulation  ensues,  the  cyst 
increasing  in  size  from  effusion  of  blood  and  later  becoming  gan- 
grenous. There  are  severe  pain,  shock,  rigidity  of  the  abdominal 
muscles,  and  symptoms  of  internal  hemorrhage  if  there  is  much  loss 
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[  blood.  Intracystic  hemorrhage,  causing  sudden  enlargement  of 
le  tumor,  may  follow  also  injury  or  tapping,  or  it  may  arise  spon- 
ineously  from  dilated  veins  or  papillomatous  masses.  Torsion  of 
le  pedicle  calls  for  immediate  removal  of  the  cyst. 

Rupture  of  the  cyst  may  follow  traumatism  of  any  character, 
listing  of  the  pedicle,  or  simple  overdistention.     It  is  most  prone 

>  occur  in  the  thin-walled  parovarian  cyst.  The  swelling  suddenly 
iminishes  in  size  or  disappears,  and  free  fluid  is  found  in  the  abdo- 
len.  This  may  be  rapidly  absorbed,  leading  to  free  sweating  and 
le  passage  of  large  quantities  of  urine.  In  rare  instances  symp- 
>ms  of  intraabdominal  hemorrhage  appear.  The  passage  of 
^rous  fluids  into  the  peritoneal  cavity  does  no  harm  unless  the  cyst 

►  inflamed.  Rupture  of  a  dermoid  is  generally  followed  by  periton- 
is;  if  the  cyst  be  papillomatous,  these  growths  may  be  widely 
nplanted  throughout  the  abdominal  cavity.  Immediate  opera- 
ion  is  not  imperative  for  rupture  of  the  cyst,  unless  it  be  dermoid 
r  papillary  in  nature,  or  unless  there  be  symptoms  of  internal 
emorrhage  or  peritonitis. 

The  diagnosis  of  small  cysts  is  made  by  bimanual  examination. 
nflammatory  masses  are  fixed,  more  painful,  intimately  connected 
rith  the  uterus,  and  are  preceded  by  a  history  of  infection.  Solid 
4mors  are  much  harder,  are  often  accompanied  by  ascites,  and 
row  rapidly  if  malignant.  The  presence  or  absence  of  fluctuation 
depends  upon  the  thickness  of  the  cyst  wall,  the  number  of  loculi, 
nd  the  contents  of  the  cyst.  Dermoids  have  a  doughy  feel  and  the 
L-ray  may  show  the  presence  of  bone.  A  large  cyst  ascends  into 
he  abdomen,  pushes  the  uterus  to  one  side,  and  elongates  the 
'agina;  it  may  be  mistaken  for  conditions  like  ascites,  pregnancy, 
ematometra,  hydramnios,  and  distended  bladder.  In  ascikSy  when 
he  patient  is  recumbent,  the  flanks  bulge  and  arc  dull  on  per- 
ussion,  while  the  central  portion  of  the  abdomen  is  tympanitic 
fig-  542);  when  the  pelvis  is  elevated  the  area  of  dulness  in  the 
jins  is  increased;  when  the  patient  turns  on  one  side  the  upper 
jaxik  is  tympanitic;  the  greatest  circumference  of  the  abdomen  is 
t  the  umbilicus,  not  below  as  in  ovarian  cyst  (Fig.  543) ;  the  fluctua- 
ion  wave  is  very  distinct  and  extends  all  over  the  abdomen;  the 
agina  is  not  lengthened,  indeed  may  be  shortened  from  descent  of 
he  uterus  and  bulging  of  the  fornices;  the  uterus  is  in  the  midline 
nd  freely  movable;  and  disease  of  the  heart,  liver,  or  kidneys  may 
le  found.  In  ovarian  cyst  the  patient  may  have  noticed  that  the 
welling  was  at  first  unilateral.  The  possibility  of  making  a  diag- 
Losis  of  intraabdominal  tumors  and  cysts  with  the  X-ray,  after  the 
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injection  of  air  into  the  peritoneal  cavity,  is  referred  to  in  the  section 
on  "Cirrhosis  of  the  Liver."  In  localized  peritoneal  effusions ,  such 
as  are  most  often  seen  in  connection  with  tuberculous  peritonitis, 
the  diagnosis  may  be  impossible  without  exploratory  incision. 
A  pregnant  uterus  is  more  central,  less  fluctuating,  and  is  associated 
with  softening  of  the  cervix,  amenorrhea,  and  the  positive  signs  of 
pregnancy;  the  parts  of  the  fetus  may  be  recognized,  and  the  growth 
is  more  rapid  than  ovarian  cyst.  X-ray  examination  may  show 
the  fetus  after  the  fourth  month  of  pregnancy.  Abderhalden  *s 
sero-diagnosis  of  pregnancy  also  may  be  considered.  In  hemato- 
metra  the  menses  are  absent,  atresia  of  the  genital  canal  is  present, 
the  tumor  is  central  and  formed  by  the  uterus,  and  the  menstrual 
molimina  appear  each  month.  Hydramnios  will  show  the  signs 
of  pregnancy.  A  distended  bladder'  will  collapse  upon  the  intro- 
duction of  a  catheter. 

The  treatment  is  ovariotomy,  or  removal  of  the  cyst.  Tapping 
is  never  indicated,  unless  the  patient 's  condition  forbids  abdominal 
section.  A  coexisting  pregnancy  is  not  a  contraindication  to 
operation,  indeed,  as  complications  are  likely  to  arise  at  this  time 
and  during  labor,  it  makes  operation  more  urgent.  Ovariotomy 
is  performed  through  a  median  abdominal  incision  below  the  imibili- 
cus.  A  hand  is  introduced  into  the  abdomen  and  any  light  ad- 
hesions broken,  care  being  taken  not  to  mistake  the  peritoneum 
for  the  cyst  wall.  The  cyst  is  punctured  with  a  trocar  to  which  a 
rubber  tube  is  attached,  the  contents  draining  into  a  bucket  at  the 
side  of  the  table.  An  assistant  makes  pressure  on  the  abdominal 
wall  to  keep  it  closely  applied  to  the  cyst,  which  is  seized  with  for- 
ceps and  drawn  from  the  abdomen  as  it  collapses.  Adhesions  to 
the  deeper  parts,  if  present,  may  now  be  separated,  or  tied  and  cut, 
according  to  their  nature,  oozing  from  large  raw  surfaces  being 
controlled  by  pads  soaked  in  hot  water,  or  by  sutures  or  gauze 
packing.  The  pedicle,  consisting  of  the  broad  ligament,  the  ovarian 
ligament,  and  the  Fallopian  tube,  and  containing  the  anastomosis 
between  the  ovarian  and  uterine  arteries,  is  transfixed  and  ligated 
as  in  salpingo-oophorectomy,  and  divided  about  one-half  inch 
beyond  the  ligature.  The  other  ovary  should  be  removed  if  it  is 
diseased,  if  the  woman  is  near  the  menopause,  or  if  the  ovarian 
growth  is  malignant  or  papillomatous.  In  dermoids,  papillomatous 
cysts,  and  in  cysts  which  are  inflamed  or  suppurating,  the  growth 
should  be  removed  without  tapping  whenever  possible.  Intra- 
ligamentary  cysts  are  enucleated  after  incising  the  layers  of  the 
broad  ligament,  and  usually  after  tying  the  ovarian  and  occasionally 
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the  Uterine  artery.  The  raw  cavity  left  is  closed  by  sutures,  and 
sometimes  drained  through  the  vagina.  The  abdominal  wound 
is  closed  in  the  usual  manner.  When  adhesions  are  dense  and 
universal,  particularly  if  the  condition  of  the  patient  is  poor,  the 
cyst  may  be  sutured  to  the  abdominal  wound  and  drained  {mar- 
supialization) ,  The  mortality  of  uncomphcated  ovariotomy  is 
about  s  per  cent. 

PELVIC  PERITONEUM  AND  CONNECTIVE  TISSUE 

Pelvic  peritonitis  is  usually  secondary  to  salpingitis,  but  may 
follow  inflammation  or  perforation  of  any  of  the  pelvic  organs,  or 
the  leakage,  through  the  tube  into  the  peritoneal  cavity,  of  fluid 
which  has  been  injected  into  the  uterus.  It  may  be  caused  also 
by  the  irritation  of  pelvic  tumors,  and  is  a  part  of  a  generalized 
peritonitis  caused  by  lesions  of  any  of  the  abdominal  viscera.  The 
symptoms  are  pain  and  tenderness  in  the 
lower  part  of  the  abdomen,  rigidity  of  the 
overlying  muscles,  constipation,  tympany, 
vomiting,  irritability  of  the  bladder,  fever, 
and  a  rapid,  wiry  pulse.  The  patient  lies 
on  the  back  with  the  knees  drawn  up.  The 
vagina  is  hot  and  dry,  the  vaginal  fornices 
exceedingly  tender,  and  the  pelvis,  particu-  p^^  544.— pp.  indura- 
larly  the  pouch  of  Douglas,  filled  with  exudate    tion  from  pelvic  peritonitis; 

/r>>  V         1  •  1  t_      1.       J  r^  CC,  induration  from  pelvic 

(Fig.  544),  which  may  be  hard  or  soft,  ac-    cellulitis. 
cording  to  the  presence  or  absence  of  pus. 

The  treatment  of  acute  pelvic  peritonitis  due  to  salpingitis  is 
rest  in  bed,  fluid  diet,  an  ice  bag  to  the  lower  abdomen,  saline  laxa- 
tives, hot  vaginal  douches,  sedatives  for  pain,  and  stimulants  if 
needed.  If  suppuration  occurs  and  fluctuation  can  be  detected 
in  Douglas's  pouch,  the  abscess  should  be  opened  in  this  situation 
and  a  vaselinized  gauze  drain  inserted,  particularly  if  the  condition 
of  the  patient  is  poor.  Even  after  an  abscess  has  been  drained 
through  the  vagina,  it  will  usually  be  necessary  to  remove  the  tubes 
and  ovaries  at  a  later  period,  when  the  condition  of  the  patient  has 
improved.  In  all  other  cases  abdominal  section  with  removal  of 
the  cause  of  trouble  is  the  proper  treatment. 

Chronic  pelvic  peritonitis  is  adhesions  and  organizing  exudate 
following  the  acute  form,  and  results  in  displacements  of  the  uterus 
Etnd  appendages.  Its  treatment  has  been  considered  with  these 
subjects  and  with  salpingitis. 
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Pelvic  cellulitis  is  inflammation  of  the  connective  tissue  of  the 
pelvis,  and  may  exist  about  the  bladder,  uterus,  vagina,  or  rectum, 
or  in  any  of  the  pelvic  ligaments.  It  is  comparatively  rare,  and 
almost  always  associated  with  pelvic  peritonitis.  Parametritis  is 
that  form  involving  the  connective  tissue  of  the  broad  b'gaments.  It 
is  usually  of  puerperal  origin,  the  infection  enteiing  through  lacera- 
tions or  abrasions  of  the  endometrium,  cervix,  or  vagina,  but  it 
may  be  caused  also  by  inflammation  of,  or  opetations  on,  any  of 
the  pelvic  organs.  The  pathology  is  that  of  cellulitis  elsewhere. 
Suppuration  is  the  common  result,  the  abscess  rupturing  into  the 
vagina,  rectum,  or  bladder,  or  through  the  abdominal  wall  above 
Poupart's  ligament,  through  one  of  the  hernial  canals,  or  through 
the  sciatic  or  obturator  foramen  ;~occasionally  it  opens  into  the 
peritoneal  cavity.  The  exudate  may  be  wholly  absorbed,  or  it 
may  organize  and  result  in  chronic  pelvic  congestion,  displacements 
of  the  uterus,  or  stricture  of  the  rectum. 

The  symptoms  in  the  mildest  cases  are  those  of  the  causative 
salpingitis  or  endometritis.  In  the  severe  form  there  are  chills, 
fever,  and  the  general  symptoms  of  septicemia.  Locally  there  are 
pain,  metrorrhagia,  and  often  irritability  of  the  bladder  or  bowel, 
when  the  connective  tissue  about  these  structures  is  involved. 
Digital  examination  revels  the  exudate  in  the  broad  ligaments, 
more  commonly  on  the  left  side,  and  possibly  about  the  rectum, 
bladder,  or  above  Poupart's  ligament,  if  the  inflammation  spreads 
so  far.  If  suppuration  occurs,  the  septic  S)anptoms  continue  and 
the  mass  softens.  Pelvic  cellulitis  can  seldom  be  differentiated 
from  pelvic  peritonitis,  indeed,  the  two  are  commonly  associated. 
CelluUtis,  however,  when  existing  alone,  is  less  painful,  more  often 
unilateral,  and  more  prone  to  suppurate,  and  it  bulges  into  the 
vagina,  displaces  the  uterus  laterally,  and  presents  no  exudate  in 
the  peritoneal  pouches  in  front  of  and  behind  the  uterus  (Fig.  544). 

The  treatment  is  that  of  pelvic  peiitonitis.  If  suppuration 
occurs,  the  abscess  should  be  incised  either  through  the  vagina  or 
above  Poupart's  ligament,  according  to  its  situation.  In  doubtful 
cases  the  abdomen  may  be  opened  in  the  median  line,  the  relations 
of  the  mass  determined,  and  in  the  absence  of  disease  of  the  appen- 
dages the  abdomen  closed  and  the  abscess  opened  through  the 
vagina.  Organized  exudate  is  treated  by  hot  sitz  baths,  hot  vaginal 
douches,  pressure  by  boro-glycerid  tampons  in  the  vagina  and 
shot  bags  on  the  lower  abdomen,  and  by  the  internal  administration 
of  potassium  iodid  and  tonics. 

Pelvic  hematocele  is  an  effusion*  of  blood  into  the  cavity  of  the 
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pelvic  peritoneum.  It  is  almost  always  due  to  a  rupluied  ectopic 
pregnancy  or  a  tubal  abortion,  but  may  be  caused  also  by  rupture 
of  an  ovarian  hematoma,  excessive  bleeding  following  rupture  of  a 
Graafian  follicle,  rupture  of  peritoneal  adhesions  from  traumatism, 
regurgitation  of  blood  in  atresia  of  the  genital  canal,  malignant 
tumors  of  the  pelvis,  and  by  operations  on,  or  injuries  of,  any  of  the 
abdominal  viscera.  The  blood  gravitates  into  the  pouch  of  Douglas, 
where,  after  a  time,  it  coagulates  and  becomes  encapsulated  by 
adhesions.  Finally  it  may  undergo  absorption,  organization,  or 
suppuration.  The  symptoms  are  sudden  sharp  pain,  followed  by 
evidences  of  internal  bleeding  if  there  be  much  Iofs  of  blood.  When 
the  blood  coagulates,  there  may  be  signs  of  pressure  on  any  of  the 
pelvic  organs.  At  first  there  is  only  an  indefinite  fulness  in  the 
posterior  fornix,  but  as  the  blood  clots,  this  becomes  firmer  and  may 
crepitate  on  pressure. 

Pelvis  hematoma  is  an  extraperitoneal  effusion  of  blood,  usually 
between  the  folds  of  the  broad  ligament.  It  is  generally  due  to  the 
rupture  of  an  ectopic  pregnancy,  but  may  be  caused  also  by  spon- 
taneous or  traumatic  rupture  of  any  of  the  pelvic  vessels,  especially 
varices  of  the  broad  ligament.  The  symptoms  are  similar  to  those 
of  hematocele,  though  fatal  hemorrhage  is  less  common  and  coagula- 
tion occurs  more  quickly.  The  hematoma  is  felt  to  the  side  of  and 
behind  the  cervix,  displacing  the  uterus  forward  and  to  one  side, 
and  may  be  detected  above  Poupart's  ligament  when  of  large  size. 
It  may  rupture  into  the  peritoneal  cavity,  vagina,  or  rectum,  and, 
like  hematocele,  it  may  undergo  absorption,  organization,  or  sup- 
puration. 

The  treatment  of  hematocele  and  hematoma,  the  result  of 
ectopic  pregnancy,  has  already  been  given.  When  due  to  other 
causes,  the  patient  should  be  confined  to  bed  and  ice  applied  to 
the  lower  abdomen.  If  the  mass  steadily  increases  in  size,  or  is 
accompanied  by  s)anptoms  of  internal  bleeding,  the  abdomen  should 
be  opened  and  the  hemorrhage  controlled.  If  suppuration  occurs, 
the  abscess  should  be  opened  through  the  vagina. 

Varicocele  of  the  broad  ligament  is  usually  the  result  of  dis- 
placements, tumors,  or  chronic  inflammation  of  the  pelvic  organs, 
or  other  conditions  producing  chronic  congestion,  such  as  con- 
stipation, sedentary  life,  and  chronic  diseases  of  the  heart,  lungs, 
or  liver.  As  in  the  male,  the  left  side  is  more  frequently  affected. 
The  symptoms  are  those  of  the  causative  lesion,  with  dull  aching 
pelvic  pain,  which  is  worse  on  standing  and  relieved  by  the  recumbent 
posture.     The  treatment  is  removal  of  the  cause  and  attention  to 
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the  general  health.  When  the  abdomen  is  opened  for  other  reasons, 
the  veins,  as  well  as  any  calcified  thrombi  (phlebolUhs),  may  be 
excised. 

Neoplasms  of  the  pelvic  connective  tissue  require  no  special 
description.  When  intraligamentary  they  may  be  removed  in  the 
same  way  as  parovarian  cysts  or  intraUgamentary  fibroids  of  the 
uterus. 


CHAPTER  XXXI 

EXTREMITIES 

Congenital  elevation  of  the  scapula  {SprengeVs  deformity)  is 
rare.  The  scapula  is  elevated,  and  its  lower  angle  rotated  toward 
the  spine.  It  may  be  associated  with  scoliosis,  and  asymmetry  of 
the  head.  The  suprascapular  muscles  are  shortened  and  sometimes 
ossified.  When  seen  early  in  life  the  contracted  muscles  should  be 
divided. 

Scapulum  alatum,  or  winged  scajmla,  was  formerly  supposed  to 
be  due  to  slipping  of  the  lower  angle  of  the  bone  from  beneath  the 
fibers  of  the  latbsimus  dorsi,  hence  the  term  dislocation  of  the  lower 
angle  of  the  scapula;  it  is  now  known  to  be  due  to  paralysis  of  the  ser- 
ratus  magnus  following  poliomyelitis,  or  neuritis,  rupture,  or  con- 
tusion of  the  long  thoracic  nerve.  The  treatment  is  electricity,  mas- 
sage, strychnin,  and  in  some  cases  a  brace.  Suture  of  the  divided 
nerve,  or  its  anastomosis  to  the  posterior  cord  of  the  brachial  plexus, 
may  be  considered  in  cases  depending  upon  section  of  the  nerve. 
Tubby  transplants  the  lower  portion  of  the  pectoralis  major  to  the 
digitations  of  the  serratus  magnus,  after  splitting  it  to  correspond 
to  these  serrations.  When  bilateral  the  scapulae  may  be  sutured 
together  (von  Eiselberg).  Duval  sutures  the  inner  border  of  the 
scapula  to  the  sixth  and  seventh  ribs. 

Subdeltoid  (subacromial)  bursitis  may  be  due  to  trauma,  gout, 
rheumatism,  syphilis,  tuberculosis.  Codman  describes  three  forms. 
In  the  acute  form  there  is  pain  on  voluntary,  but  not  on  passive,  ab- 
duction of  the  arm.  The  pain  is  referred  to  the  insertion  of  the 
deltoid,  and  sometimes  runs. up  into  the  neck,  or  down  the  arm, 
even  to  the  hand.  The  pain  is  worse  at  night,  and  the  patient  may 
be  unable  to  sleep  on  the  aflFected  side.  When  the  arm  is  voluntarily 
abducted  or  rotated  externally,  the  motion  is  at  first  free,  then  the 
scapula  is  locked  by  spasm  and  accompanies  the  humerus.  The 
tenderness  is  located  on  the  point  of  the  shoulder,  just  below  the 
acromion  and  outside  the  bicipital  groove,  and,  owing  to  the  bursa 
becoming  entirely  subacromial  when  the  arm  is  abducted,  may  disap- 
pear when  the  limb  assumes  this  position.  This  sign  is  almost  path- 
ognomonic. The  swelling  may  or  may  not  be  apparent.  With 
proper  treatment  recovery  occurs  in  a  few  weeks.     In  the  subacute 
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form  there  are  adhesions  within  the  bursa,  hence  a  mechanieal  ob- 
stacle to  abduction  and  external  rotation,  and  persistence  of  the 
tender  point  when  the  arm  is  abducted.  These  symptoms  may  per- 
sist for  a  year  or  two.  In  the  chronic  form  the  bursa  is  irregularly 
thickened.  Motion  may  be  free,  but  at  some  point  in  abduction 
there  is  pain,  which  disappears  when  the  tuberosity  of  the  humerus 
passes  beneath  the  acromion,  only  to  recur  when  the  arm  is  lowered 
again.  In  some  of  the  chronic  cases  the  symptoms  are  intermittent, 
disappearing  and  reappearing  irregularly. 

The  diagnosis  from  inflammation  of  the  sheath  of  the  biceps 
tendon  is  made  by  accurately  localizing  the  seat  of  the  tenderness, 
and  by  noting  that  in  this  condition  abduction  is  painful  from  the 
start.  In  paralysis  of  the  deltoid  (circumflex  nerve)  the  deltoid 
is  atrophied  and  does  not  contract.  Acromio-calvicular  arthritis 
causes  thickening  of  the  joint,  over  which  the  tenderness  is  situated. 
A  deep  axillary  abscess  may  cause  fixation  of  the  shoulder,  but  should 
be  detected  by  careful  examination.  Fractures  about  the  shoulder 
and  tuberculosis  of  the  head  of  the  humerus  may  be  excluded  by 
the  X-ray. 

The  general  treatment  is  attention  to  any  existing  diathesis.  In 
the  acute  form  rest  may  be  obtained  by  keeping  the  arm  abducted 
on  a  table  or,  at  night,  on  a  pillow;  this  relaxes  the  deltoid  and  the 
short  rotators,  and  prevents  the  tender  point  at  the  base  of  the  bursa 
from  coming  in  contact  with  the  tip  of  the  acromion.  Local  ap- 
plications of  ichthyol,  iodin,  etc.,  may  be  of  some  use.  Passive 
motions  should  be  made  from  time  to  time  to  prevent  the  formation 
of  adhesions.  Subacute  cases  may  be  treated  by  massage,  passi\'C 
and  active  motions,  baking,  rupture  of  the  adhesions  under  an  anes- 
thetic, incision  and  division  of  the  adhesions,  excision  of  the  sub- 
deltoid portion  of  the  bursa.  If  the  bursa  is  to  be  opened  or  excised, 
the  elbow  is  flexed  to  a  right  angle,  the  humerus  placed  at  the  side 
midway  between  internal  and  external  rotation,  and  a  vertical  incision, 
two  or  three  inches  in  length,  made  over  the  external  lip  of  the  bicipi- 
tal groove.  The  fibres  of  the  deltoid  are  separated,  the  bursa  opened, 
and,  after  strong  downward  traction  is  made  on  the  arm,  a  finger 
introduced  into  the  cavity  between  the  tuberosity  and  the  acromion. 
Adhesions  may  be  ruptured  or  cut,  exostoses  removed,  or  the  lower 
part  of  the  bursa  excised.  The  arm  is  dressed  in  abduction,  and 
passive  motion  begun  early. 

Volkmann's  contracture  (ischemic  myositis)  is  a  claw-like  con- 
traction of  the  interphalangeal  joints  of  the  fingers,  the  metacar- 
pophalangeal articulations  remaining  straight.    In  the  milder  forms 
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the  fingers  can  be  straightened  when  the  wrist  is  bent;  in  the  worst 
cases  the  wrist  also  is  strongly  flexed  (Fig.  545).  The  forearm  is 
pronated  and  slightly  flexed.  The  condition  is  usually  due  to  the 
compression  of  a  spUnt  or  a  bandage,  applied  for  the  treatment  of  a 
fracture,  but  has  followed  also  a  simple  contusion  without  the  applica- 
tion of  a  bandage.  Other  rare  causes  are  the  Esmarch  band,  and 
embolism,  thrombosis,  or  ligation  of  the  brachial  artery.  The 
flexor  and  pronator  muscles  on  the  anterior  aspect  of  the  forearm  are 
shortened,  atrophied,  hard,  anemic  (grayish  in  color),  and  friable. 
In  rapid  or  old  cases  the  nerves  and  the  vessels  are  enveloped  in  a 
fibrous  mass,  and  even  the  bones  are  softened  and  atrophied.  The 
reason  for  these  changes  is  ischemia,  followed  by  infiltration  of  blood 
between  the  muscular  fibres,  and  later  by  degeneration  of  the  muscles. 
Neuritis,  which  some  hold  responsible  for  the  ischemic  myositis,  is, 
when  present,  always  secondary.     In  all  the  reported  cases  the  age 
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Fig.   S4S-— Volkmal 

of  the  patient  was  between  three  and  fifteen  years  (Bcrger).  Pain 
and  edema  of  the  bandaged  forearm  generally,  but  not  invariably, 
precede  the  development  of  the  deformity.  The  contraction  may 
be  apparent  when  the  splint  is  remo\ed,  or  it  may  not  ajjpear  for 
weeks.  The  hardened  muscles  can  be  palpated,  splint  sures  are 
often  present,  and  if  there  is  neuritis,  the  symptoms  of  this  affection 
are  in  evidence. 

The  diagnosis  is  rarely  difficult.  In  cicatricial  contraction  in- 
volving the  tendons  in  the  palm  the  lingers  cannot  be  extended  when 
the  wrist  is  flexed.  Hemiplcgic  and  post-paralytic  contractures 
yield  under  general  anesthesia.  In  deformities  due  to  ankylosis  of 
the  fingers  or  wrist  the  joints  are  rigid. 

Prophylaxis,  after  a  fracture  of  the  forearm  or  elbow,  consists  in 
avoiding  tight  bandages,  indeed  if  there  is  much  swelling,  reduction 
<tf  the  fracture  and  dressing  may  be  postponed  for  a  day  or  two,  unless 
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it  is  thought  that  the  displaced  fragment  is  contributing  to  the  edema. 
The  Jones  position  likewise  should  not  be  employed  immediately 
after  the  accident.  If  the  cyanosis  and  edema  continue  when  the 
forearm  is  elevated  and  extended,  Murphy  advises  subcutaneous 
incision  of  the  fascia  on  the  antero-ulnar  side  of  the  forearm,  for  a 
distance  of  several  inches.  This,  he  states,  must  be  done  within  36 
hours  if  a  good  result  is  to  be  obtained. 

The  treatment  is  nonoperative  or  operative.  The  nonoperative 
treatment  consists  in  gradually  and  daily  stretching  the  contracted 
tissues,  manually  or  by  specially  constructed  splints.  Electricity, 
massage,  and  baking  in  the  hot  air  apparatus  are  useful  adjuncts. 
This  treatment  must  be  continued  for  months  or  years.  The  opera- 
tions that  have  been  employed  are  neurolysis,  elongation  of  the 
tendons,  and,  in  order  to  shorten  the  arm-j  resection  of  a  portion  of 
the  radius  and  ulna.  The  last  is  sometimes  followed  by  pseudar- 
throsis,  hence  the  fragments  should  be  fastened  together  by  wire  or 
other  means.    Berger  advises,  in  order  to  avoid  fusion  of  the  callus 

from  the  two  bones,  resection  of  the 
radius  at  its  upper  part,  of  the  ulna 
at  its  lower  part;  a  further  advantage 
of  this  proceeding  is  the  small  calibre 
of  the  bones  at  these  points. 

Pig.  546. — Madeluxig's  deformity.  ^«*««  «  «  «i 

Club-hand  may  be  palmar,  dorsal, 
radial,  or  ulnar,  depending  on  the  direction  of  the  deviation.  In 
congenital  absence  of  the  radius  there  is  a  pronounced  radial  club- 
hand. The  mildest  cases  may  be  remedied  by  massage  and  passive 
motion;  in  others  tenotomy  will  be  required.  When  the  bones  are 
much  altered,  osteotomy  of  one  of  the  bones  of  the  forearm  or  re- 
moval of  one  or  more  of  the  carpal  bones,  according  to  the  type  of 
deformity,  may  be  needed. 

Madelung's  deformity  (Fig.  546)  is  progressive  forward  (rarely 
backard)  subluxation  of  the  radiocarpal  joint,  due  to  relaxation  of 
the  ligaments  or  to  disturbance  in  the  growth  of  the  radial  epiphysis. 
Eighty  per  cent,  of  the  cases  occur  in  girls  during  adolescence.  The 
lower  end  of  the  ulna  is  prominent,  the  radius  often  curved.,  and  the 
hand  usually  adducted  but  occasionally  abducted.  Extension  and 
sometimes  flexion  of  the  wrist  are  impaired.  The  treatment  in  the 
early  stages  is  a  retentive  apparatus,  e.g.,  a  leather  cuff.  At  a 
later  period  tenotomy,  reduction  through  an  inckion,  or  cuneiform 
osteotomy  of  the  radius  may  be  indicated. 

Polydactylism,  or  supernumerary  fingers  or  toes,  requires  ampu- 
tation of  the  accessory  digits  if  they  are  useless  or  troublesome. 
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Elf  acrodactylism,  or  congenital  hypertrophy  of  one  or  more  fingers 
OT  toes,  also  may  require  amputation.  Ectrodactylism.is  the  ab- 
sence of  one  or  more  digits.  S]rndactylism,  or  webbed  fingers,  is 
treated  by  incising  the  web  in  such  a  way  as  to  form  a  flap  which  is 
used  to  cover  the  raw  surface  between  the  roots  of  the  fingers,  or  by 
raising  two  flaps  of  skin  by  an  incision  along  the  middle  of  the  pialmar 
surface  of  one  finger  and  another  along  the  middle  of  the  dorsal 
surface  of  the  other  finger,  the  flaps  being  wrapped  around  the  digits 
after  they  have  been  separated. 

Congenital  contraction  of  the  fingers  corresponds  to  congenital 
hammer-toe,  with  which  it  is  sometimes  associated.  The  little  finger 
is  the  one  usually  affected.  The  first  phalanx  is  hyperextended  and 
the  second  and  third  flexed,  thus  differing  from  Dupuytren's  con- 
traction, in  which  the  first  and  second  phalanges  are  flexed  and  the 
third  extended.  In  the  former  the  middle,  and  in  the  latter  the 
lateral  digital  processes  of  the  palmar  fascia  are  shortened.  The 
treatment  is  forcible  correction  and  the  application  of  a  splint,  or 
division  of  the  contracted  fascia. 

Snap-  or  trigger-finger  is  an  acquired  deformity  in  which  one  or 
possibly  two  fingers  can  be  extended  only  by  great  effort  or  by  using 
the  other  hand,  when  the  finger  flies  out  like  the  blade  of  a  penknife. 
Over  90  per  cent,  of  the  cases  are  caused  by  some  condition  that 
offers  a  limited  obstruction  to  the  play  to  the  tendon  in  its  sheath, 
e.g.,  contraction  of  the  sheath,  enlarged  sesamoid,  ganglion,  a  growth 
on  the  tendon,  or,  most  frequently,  a  localized  fibroid  thickening  of 
the  tendon,  as  the  result  of  repeated  contusions,  or  a  partial  tear,  of 
the  tendon,  the  lesion  usually  being  situated  over  the  metacarpo- 
phalangeal joint,  at  which  point  the  '* tendon  callus''  can  often  be 
felt.  In  less  than  lo  per  cent,  of  the  cases  the  trouble  is  due  to  an 
alteration  in  the  relations  of  the  joint  surfaces  the  result  of  injury 
or  disease.  The  treatment  is  removal  of  the  obstruction.  In  the 
usual  variety  it  is  necessary  only  to  incise  the  theca  over  the  fusiform 
enlargement  of  the  tendon. 

Baseball  finger  is  the  result  of  a  blow  of  a  baseball  on  the  palmar 
surface  or,  more  frequently,  on  the  end  of  the  finger.  1  he  injuries 
may  be  divided  into  two  groups.  In  the  first,  one  of  the  interi)ha- 
langeal  joints  is  tender  and  swollen,  ami  a  fusiform  enlargement 
persists  long  after  the  injur\'.  The  lesion  may  be  a  sprain  or  a  dis- 
location, but  in  manv  instances  there  is  a  fis>urefl  fracture  of  the  end 
of  one  of  the  phalanges,  hence  a  skiagram  should  always  be  taken. 
The  treatment  is  the  reduction  of  any  deformity  that  may  be  present, 
a  palmar  q>lint  for  three  weeks,  and  later  massage.     In  the  second 
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group  (mallet  finger)  the  extensor  tendon  is  stretched  or  torn,  as 
described  in  the  next  paragraph. 

Mallet  finger  is  a  drooping  of  the  distal  phalanx  as  the  result  of 
rupture  or  overstretching  of  the  end  of  the  extensor  tendon,  such  as 
may  be  caused  by  sudden  and  violent  h)T)erflexion  of  the  end  of  the 
finger.  In  the  early  stages  it  is  treated  by  the  application  of  a 
splint.  If  the  deformity  persists,  the  tendon  may  be  sutured  to 
the  periosteum. 

Dupuytren's  contraction  (Fig.  547)  is  a  shortening  of  thepahnar 
fascia  the  result  of  a  chronic  cirrhotic  inflammation,  which  begins 
as  an  induration  in  the  palm,  and,  as  it  progresses,  gradually  puckers 
the  skin  and  causes  a  permanent  flexion  of  the  little  and  ring  fingers, 
and  less  frequently  of  the  remaining  fingers.  It  is  most  common  in 
middle  aged  men  and  may  be  bilateral.     Occasionally  it  follows  long 

continued  pressure,  such  as  is  necessi- 
tated by  the  use  of  certain  tools,  and 
a  gouty  or  rheumatic  history  is  often 
obtainable.  On  seeing  his  first  case, 
the  student  feels  the  tense  bands  of 
fascia  and  almost  invariably  makes  a 
diagnosis  of  contracted  tendon,  a  con- 
dition which  may  readily  be  differen- 
tiated by  noting  that  the  finger  can  be 
extended  when  the  wrist  is  flexed. 
The  treatment  is  excision  of  the  con- 
tracted fascia,  either  through  longi- 
tudinal incisions,  or  after  dissecting  off 
the  skin  in  the  form  of  a  flap.  Removal 
of  the  puckered  skin  with  the  fascia,  the  raw  surface  being  sub- 
sequently covered  if  small,  with  a  Wolf  graft,  or,  if  large,  with  a 
pedunculated  flap  from  the  forearm  or  abdomen,  is  probably  a 
better  operation.  Subcutaneous  section  of  the  tense  bands  is  un- 
satisfactory. Injections  of  thiosinamin  (fibrolysin)  are  recom- 
mended by  some  therapeutists. 

Foreign  bodies  in  the  palm,  especially  needles,  are  often  difficult 
to  find,  because  they  may  lodge  in  a  ligament,  a  tendon,  or  because 
they  are  moved  before  operation  by  muscular  contractions  or  pre- 
liminary scrubbing,  or  during  operation  by  the  manipulations  of  the 
surgeon.  If  a  needle  is  in  a  tendon  it  can  be  seen  to  move  with  the 
fluoroscope  when  the  tendon  moves.  The  foreign  body  should  be 
localized  accurately  with  the  X-ray,  and  removed  at  once,  beforeit  has 
had  time  to  migrate.     If  it  is  not  found  quickly,  one  should  stop. 


Fig.  547. — Dupuytren's  contraction. 
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and  have  another  X-ray  examination  made,  as  extensive  multilation 
may  do  more  harm  than  the  foreign  body.  In  hospital  work  the 
patient  may  be  transferred  to  the  X-ray  room,  and  the  foreign  body 
extracted  with  the  aid  of  the  fluoroscoi>e. 

Felon,  whitlow,  or  pyogenic  infection  of  the  tissues  on  the  palmar 
aspect  of  the  finger  occurs  in  four  forms. 

1 .  The  subcuticular,  or  bUster-like,  is  a  collection  of  pus  under  the 
epidermis,  due  to  infection  of  a  sweat  gland  or  f>ossibly  a  superficial 
lobule  of  fat,  the  pus  in  the  latter  instance  perforating  the  true  skin. 
The  raised  epidermis  should  be  removed  with  forceps  and  scissors^ 
and  if  a  perforation  in  the  skin  is  found  communicating  with  a  deeper 
collection,  the  perforation  should  be  enlarged. 

2.  The  subcutaneous  form  is  a  cellulitis,  usually  located  over  the 
distal  phalanx,  and  preceded  by  a  contusion  or  a  wound.  There  are 
tense  swelling,  great  tenderness,  and  severe  throbbing  pain,  espe- 
cially when  the  hand  is  dependent.  Fluctuation  is  rarely  detected 
unless  the  abscess  is  about  to  break.  The  process  occasionally 
spreads  to  the  cellular  tissue  over  the  middle  phalanx,  and  thence  to 
the  tendon  sheath  (which  is  absent  over  the  distal  phalanx),  but  is 
more  likely,  owing  to  the  perpendicular  arrangement  of  the  trabe- 
culae  of  the  pulp,  to  extend  to  the  bone.  Painless  and  destructive 
felons  may  occur  in  certain  nervous  maladies,  notably  syringomyelia. 
The  treatment  is  incision  along  the  side  of  the  pulp  of  the  finger  (Fig. 
548  A),  continued,  if  the  process  be  extensive,  around  the  end  and 
then  along  the  opposite  side,  thus  raising  the  soft  parts  from  the 
bone  in  the  form  of  a  flap  (Fig.  548  B) .  A  median  scar  is  unsightly, 
and  is  subjected  to  pressure  whenever  the  finger  is  used;  further,  if 
made  over  the  middle  or  the  proximal  phalanx  a  median  incision 
may  open  the  tendon  sheath,  thus  inaugurating  a  disastrous  teno- 
synovitis. The  wound  is  kept  open  with  gauze  impregnated  with 
vaselin,  and  the  finger  dressed  with  hot  antiseptic  fomentations. 

3.  The  subperiosteal,  or  bone  felon,  may  be  primary,  but  is  often 
secondary  to  the  subcutaneous  variety,  or  to  paronychia,  the  base  of 
the  nail  being  in  intimate  relation  with  the  bone.  The  symptoms 
are  those  of  subcutaneous  felon,  with  possibly  a  greater  amount  of 
pain.  The  treatment  is  cleavage  of  the  end  of  the  finger,  as  des- 
cribed in  the  preceding  paragraph,  and  incision  of  the  periosteum. 
After  the  acute  symptoms  have  subsided  the  flap  may  be  allowed  to 
fall  back  against  the  bone.  Later  the  amount  of  bone  de\atalized 
may  be  shown  by  the  X-ray.  If  only  a  thin  scale  is  necrotic,  it  will 
soon  separate  iand  be  discharged.  If  a  large  portion  or  the  whole  of 
the  diaphysis  has  perished  one  may  wait  until  it  becomes  loose,  a 
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matter  of  four  or  five  weeks,  and  then  remove  it;  or,  perhaps  better, 
in  that  it  shortens  convalescence,  proceed  with  the  sequestrotomy 
as  soon  as  the  sequestrum  is  well  defined.  The  epiphysis,  into  which 
the  tendons  are  inserted,  is  seldom  implicated,  hence  great  care 
should  be  taken  not  to  injure  it.  Occasionally,  however,  the  entire 
distal  phalanx,  the  joint,  and  a  portion  of  the  second  phalanx  are 
destroyed.  In  these  cases  one  may  fill  the  defect,  after  healing  has 
occurred,  by  transplanting  a  portion  of  the  crest  of  the  tibia,  or  in 
order  to  secure  a  joint,  the  bones  of  a  toe. 


Pig.  548.— Incisions  for  cellulitis  of  the  hand.     A.  Lateral.     B.  curved.     CD.  Bila- 
teral.    E.  Hypothenar  space.     P.G.  Midpalmar  space.     H.  Thenal  space.    I,  Dona! 

incision  for  thenar  space. 


4.  The  synoviali  or  thecal  fonn,  is  a  suppurative  tenosynovitis. 
It  may  be  associated  with  the  variety  just  described  or  follow  a 
cellulitis,  in  which  event,  if  prompt  drainage  has  been  established, 
it  is  possible  for  the  infection  to  localize  itself  to  a  segment  of  the 
sheath.  In  most  instances,  however,  and  especially  in  those  due  to 
a  streptococcic  infection  following  a  puncture  wound  of  the  sheath 
e.g.,  from  a  pin,  the  entire  synovial  sac  of  the  affected  finger  is  in- 
vaded. It  may  be  recalled  that  the  sjmovial  sheath  of  the  thumb 
and  each  finger  extends  distally  to  the  base  of  the  terminal  phalanx. 
Proximally  the  sheath  of  the  index,  the  middle,  and  the  ring  finger 
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each  reaches  the  neck,  of  the  correqwnding  metacarpal  hoae,  or, 
roughly  estimated,  the  level  of  the  great  transverse  flexion  crease 
of  the  palm.  The  sheath  of  the  thumb  communicates  with  the 
external  (radial)  palmar  sac.  which  envelops  the  flexor  longus  poUicis 
only.  The  sheath  of  the  little  finger  is  continuous  with  the  internal 
(ulnar)  palmar  sac,  which  widens  in  the  palm  and  envelops  also  the 
tendons  of  the  ring,  the  middle,  and  the  index  fingers,  the  first  to  a 
considerable  extent,  the  second  less,  the  last  only  a  little.  As  there 
are  two  layers  of  tendons  to  be  enveloped,  there  are  three  culs  de 
sac,  the  pre-,  the  inter-,  and  theretrotendinous;  the  first  is  the  small- 
est, the  last  the  largest,  consequently  pus  accumulates  easiest 
under  both  layers  of  tendon^  The 
internal  and  the  external  palmar  sacs 
converge  in  the  carpal  canal,  being 
separated  by  cellular  tissue,  in  which 
hes  the  median  nerve;  in  this  situa- 
tion they  are  in  close  relationship 
with  the  carpal  articulations,  which 
are  not  infrequently  invaded  by  in- 
fection from  the  palm.  The  sacs 
both  extend  into  the  forearm,  the  in- 
ternal to  a  point  about  one  inch  and 
a  quarter,  the  external  to  a  point 
about  one  inch  and  a  half,  above  the 
annular  ligament  (Fig.  549).  There 
are,    however,    frequent   anomaUes.        p,^  54s>.-Dia8ram  rf,owin«  the 

The  tendon  sheath  of  the  little  finger    """al    arrangement    of    the   tendon 

,        ,         ,  ,  ,  ,  sbeaths  of  the  hand  (shaded)  and  the 

or  the  thumb  may  be  separated  from     relationsof  the  palmar  arches  (in  red) 

the  corresponding  palmar  sac,  hence    to  the  lines  of  the  paim    Note  aUo 

"-  f  o  f  '  the  position  of  the  digital  arteries, 

infection  of  the  sheaths  of  these  digits 

is  not  invariably  followed  by  palmar  synovitis.  The  two  palmar 
sacs  often  communicate,  either  directly,  or  by  a  median  sac,  usually 
annexed  to  the  deep  flexor  tendon  0/  the  index  finger;  and  the 
digital  sacs  of  the  first  three  fingers  may  communicate  with  the 
internal  palmar  sac,  so  that  it  is  possible  to  have  a  total  palmar 
^novitis  following  infection  of  the  thumb  or  any  of  the  fingers. 
Excluding  these  variations,  we  may,  for  the  purpose  of  description, 
take  suppurative  synovitis  of  the  first  three  fingers  as  the  tj'pe  of 
digital  thecal  infection,  reserving  that  of  the  thumb  and  the  Uttle 
finger  for  discussion  with  palmar  abscess. 

The  symptoms  of  suppurative  thecitis  of  the  index,  the  middle,  or 
the  ring  finger  are,  when  the  sheath  alone  is  infected,  only  slight 
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redness  of  the  skin;  moderate  swelling,  most  marked  on  the  dorsum 
of  the  finger;  great  pain  on  moving  the  finger,  which  is  held  in  a 
flexed  position;  and  acute  deep  tenderness  sharply  localized  to  the 
sheath,  perhaps  most  intense  over  the  upper  end  and  beneath  the 
digitopalmar  pad.  This  line  of  tenderness  can  be  mapped  out  by 
making  pressure  with  a  probe.  Cellulitis  may,  of  course,  precede  or 
follow  thecitis.  The  general  symptoms  are,  as  a  rule,  more  severe 
than  those  of  other  forms  of  infection. 


Pig.  550. — Incisions  for  synovitis  of  the  hand.  Lateral  for  little  finger  (A.A.)f  ring 
finger  (B.B.),  index  finger  (D.D.).  and  thumb  (K).  Median  for  upper  end  of  distal 
sheath  (P.G.).  Bilateral  (C.C.C.).  Internal  palmar  sac  (E).  Upper  end  of  internal 
sac  (H),  of  external  sac  (I).     External  sac  (J). 


The  treatment  should  be  prompt,  in  order  to  save  the  tendon,  and 
to  prevent  rupture  of  the  sheath  and  diffusion  of  the  pus  into  the 
cellular  tissue  of  the  palm.  In  view  of  the  difficulty  sometimes 
experienced  in  differentiating  cellulitis  over  the  theca  from  thecitis 
with  cellulitis,  the  operation  should  be  of  an  exploratory  nature,  to 
permit  which  the  patient  should  be  anesthetized  and  the  part 
tendered  bloodless.  An  incision  is  then  .made  alongside  of  the 
tendon  between  the  flexion  creases  of  the  finger,  in  the  region  of  the 
primary  infection  (Fig.  550  D).  If  the  sheath  is  reddened,  edema- 
tous, distended,  it  contains  pus;  if  there  is  any  doubt  as  to  the  con- 


EXTREMITIES  985 

tents  of  the  sheath  it  may  be  explored  with  a  hypodermic  needle. 
If  infected  the  sheath  is  opened.  A  similar  incision  must  then  be 
made  over  the  other  phalanx  (the  distal  phalanx  is  not  concerned, 
unless  the  seat  of  the  primary  infection),  and  a  third  incision,  in  the 
axis  of  the  finger,  through  the  digitopalmar  pad,  as  far  as  the  great 
transverse  crease  of  the  palm  (Fig.  S50G).  Bilateral  incisions,  as 
shown  in  (Fig.  SSoC)  may  be  employed  if  freer  drainage  is  thought 
desirable.  The  incisions  should  never  cross  the  joints,  otherwise, 
particularly  with  a  long  median  incision,  the  tendon  is  dislocated 
from  its  sheath,  and  assumes,  in  its  relation  to  the  flexed  finger,  the 
position  of  the  string  to  a  bow.  Instruments  must  not  be  thrust 
beneath  the  tendon,  foi  fear  of  injuring  the  meso tendon  (vinculum), 
through  which  the  blood  vessels  run.  The  wounds  are  drained  with 
vaselinized  gauze,  which  should  extend  to,  but  not  into,  the  sheath,  a 
warm,  moist,  antiseptic  dressing  applied,  and  the  hand  put  on  a 
splint.  Many  surgeons  advise  Bier's  treatment,  but  we  believe 
prolonged  daily  soaking  in  hot  salt  solution  to  be  quite  as  efficient  and 
without  the  disadvantages  of  passive  hyperemia.  If  incision  has 
been  delayed  for  several  days  the  tendon  sloughs  and,  after  three  or 
four  weeks,  is  discharged. 

Palmar  abscess  superficial  to  the  palmar  fascia  requires  no  special 
description.  Deep  palmar  abscess  follows  the  superficial  variety, 
a  wound  of  the  palm,  or  an  infected  finger,  the  lesion  being  a  sup- 
purative synovitis  or  cellulitis,  or  both.  The  general  symptoms  of 
sepsis  are  marked  in  both  varieties;  the  local  signs  and  the  treat- 
ment diflFer. 

Palmar  synovitis  may  be  divided  into  that  of  the  internal  and  that 
of  the  external  sac,  although  the  two  forms  are  often  combined. 

Suppuration  of  the  internal  {ulnar)  sac  following  a  thecitis  of  the 
little  finger  gives  the  signs  of  digital  thecitis  mentioned  above,  with 
swelling  and  tenderness  along  the  ulnar  side  of  the  palm,  and  above 
the  annular  ligament  to  the  ulnar  side  of  the  palmaris  longus.  The 
dorsum  of  the  hand  is  little  affected.  The  treatment  is  incision  of  the 
digital  theca  over  the  middle  and  the  proximal  phalanx,  as  already 
described  (or  at  the  point  of  infection  in  the  palm,  if  the  trouble 
started  in  the  palm),  when  it  will  be  found  that  pus  can  be  forced 
through  the  upper  wound  by  pressure  on  the  inner  side  of  the  palm. 
The  palmar  sac  is  now  opened  by  an  incision  (Fig.  S50E)  running 
from  the  middle  of  the  digitopalmar  pad  of  the  little  finger,  up 
towards  the  radial  styloid,  to  a  line  crossing  the  palm  at  the  level 
of  the  web  of  the  thumb,  which  line  overlies  the  superficial  palmar 
arch.    Pressure  over  the  sac  above  the  annular  ligament  will  cause 
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pus  to  flow  through  the  wound,  hence  another  incision  must  be 
made.  The  line  of  this  incision  is  parallel  and  just  external  to  that 
for  the  ulnar  artery;  it  commences  close  to  the  crease  of  the  wrist  and 
extends  upwards  for  about  one  and  a  half  inches  (Fig.  S50H).  The 
flexor  carpi  ulnaris  and  ulnar  vessels  are  drawn  inwards,  the  other 
flexors  outwards,  and  the  sac  found  deeply  under  the  latter. 

Suppuration  of  the  external  {radial)  sac  due  to  a  thecitis  of  the 
thumb  also  gives  the  signs  of  digital  thecitis,  but  with  swelling  and 
tenderness  along  the  inner  side  of  the  thenar  muscles,  and  above  the 
annular  ligament  to  the  radial  side  of  the  palmaris  longus.  The 
treatment  proceeds  as  in  suppuration  of  the  internal  sac.  A  lateral 
incision  is  made  over  the  proximal  phalanx  of  the  thumb.  The 
second  incision  runs  from  the  base  of  the  thumb,  on  a  line  to  the 
ulnar  styloid,  for  about  one  inch  (Fig.  ssoj) .  The  short  flexor  of  the 
thumb  is  cut,  and  the  sac  identified  by  moving  the  thumb.  In  the 
upper  part  of  the  wound  the  thenar  branches  of  the  median  ner\'e 
must  be  avoided.  The  third  incision  is  above  the  annular  ligament 
parallel  to  and  just  within  the  line  of  the  radial  vessels,  which  must 
be  drawn  aside.  The  incision  runs  from  the  crease  of  the  wrist 
upwards  for  one  and  one  half  inches.  A  few  operators,  iq  severe 
cases,  advise  severing  the  annular  ligament  over  the  radial  or  ulnar 
bursa,  or  over  both  bursae,  according  to  the  location  and  the  extent 
of  the  infection,  thus  making  the  palmar  and  the  forearm  incisions 
continuous. 

Palmar  cellulitis  causes  great  swelling  of  the  dorsum  of  the  hand, 
and,  owing  to  the  resistance  of  the  palmar  fascia,  only  slight  tume- 
faction of  the  palm.  The  point  of  greatest  tenderness,  however,  is 
in  the  palm,  and  it  is  by  this,  and  not  the  situation  of  the  maximum 
edema,  that  one  should  be  guided.  The  motion  of  the  fingers  is  not 
restricted,  because  the  synovial  sheaths  are  not  involved.  The 
subfacial  cellular  tissue  of  the  palm  surrounds  the  tendon  sheaths, 
and  extends  through  the  interdigital  spaces  to  the  digitopalmar  pads 
and  to  the  dorsum  of  the  hand,  and  through  the  carpal  canal,  be- 
tween the  synovial  sacs,  to  the  forearm.  According  to  Kanavel, 
pus  is  likely  to  accumulate  in  one  of  the  following  spaces.  The 
hypothenar  space  lies  beneath  the  hjrpothenar  muscles.  The  thenar 
space  occupies  the  area  of  the  thenar  eminence,  as  far  as  the  flexion 
and  adduction  crease  of  the  thumb,  but  does  not  extend  to  the  ulnar 
side  of  the  middle  metacarpal.  It  lies  deep  in  the  palm  just  above 
the  adductor  transversus.  The  middle  palmar  space  is  limited  by  the 
middle  metacarpal  on  the  radial  side,  is  overlapped  by  the  ulnar  bursa 
on  the  ulnar  side,  and  is  separated  from  the  thenar  space  by  a 
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>artition  which  is  firm  everywhere  except  at  the  proximal  end. 
Below  it  has  three  diverticula,  which  extend  along  the  lumbrical 
nusdes.  Abscess  of  the  hypothenar  space  is  relatively  infrequent, 
ind  is  oi>ened  by  an  incision  parallel  and  internal  to  the  fifth  meta- 
::arpal  bone  (Fig.  S48E).  The  thenar  space  is  often  invaded  by 
nfection  from  the  thumb  or  the  index  finger,  occcasionally  from  the 
niddle  finger.  This  space  may  be  opened  by  a  dorsal  incision  parallel 
to  the  metacarpal  bone  of  the  index  finger,  and  to  the  radial  side  of 
the  bellies  of  the  interossei  muscles  of  the  finger  (Fig.  548!).  Blunt 
forceps  are  pushed  across  the  palmar  surface  of  the  metacarpal  bone 
rf  the  index  finger  into  the  space.  This  incision  does  not  scar  the 
palm  or  endanger  the  palmar  arch.  Intertendinous  palmar  incisions 
may  be  indicated  when  the  original  infection  enters  through  the 
palm.  Picque  incises  between  the  tendons  of  the  index  and  the 
middle  fingers  and  ties  the  superficial  palmar  arch  (Fig.  S48H) .  The 
mid-palmar  space  may  suppurate  as  the  result  of  infection  of  the 
middle,  the  ring  or  the  little  finger.  It  is  opened  by  an  incision 
starting  between  the  digitopalmar  pads  of  the  ring  and  the  little 
fingers,  and  extending  upward  toward  the  heel  of  the  hand  as  far  as 
the  superficial  arch  (Fig.  548F) .  The  flexor  tendons  and  ulnar  bursa 
are  drawn  outward,  the  hypothenar  muscles  inward,  and  the  cellular 
space  beneath  the  tendons  drained.  It  may  be  drained  likewise 
through  the  lumbrical  space  between  the  middle  and  ring  finger,  by 
an  incision  between  the  digitopalmar  pads  of  these  fingers.  If  the 
thenar  space  also  is  involved  a  drain  may  be  passed  beneath  the 
flexor  tendons  and  out  through  the  incision  which  has  been  made  into 
the  thenar  space.  Occasionally,  e.g.,  after  a  compound  fracture 
of  the  metacarpus,  the  dorsal  subaponeurotic  space  is  involved,  and 
it  becomes  necessary  to  push  a  pair  of  forceps  between  the  bones 
and  between  the  extensor  tendons  to  the  skin,  which  is  opened,  and 
through-and-through  drainage  established. 

If  pain  and  fever  persist  after  free  drainage  of  palmar  infections 
it  may  be  due  to  septicemia,  lymphangitis,  or  lymphadenitis,  which 
are  treated  as  described  under  these  headings,  or  to  septic  arthritis 
of  the  carpal  joints  or  cellulitis  of  the  forearm.  Septic  arthritis  of 
the  wrist  demands  drainage  and  frequently  resection.  Cellulitis 
of  the  forearm  may  be  superficial,  but  is  often  deep,  the  infection 
coming  through  the  carpal  canal.  In  the  latter  instance  incisions 
are  made  close  to  the  volar  border  of  the  radius  and  the  ulna,  in  the 
lower  third  of  the  forearm,  the  tendons,  the  vessels,  and  the  nerv^es 
lifted  forward,  and  through-and-through  drainage  established. 
Similar  incisions  may  be  needed  also  in  the  upper  third  of  the  forearm. 
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In  all  forms  of  palmar  abscess  the  drainage  material  should  be 
vaselinized  gauze,  rather  than  rubber  tubes,  which  may  induce 
necrosis.  Rubber  tissue  is  employed  by  some  surgeons,  but  is  more 
apt  to  slip  into  the  cavity  than  gauze.  Dry  gauze  acts  as  a  plug, 
and  causes  pain  and  bleeding  at  each  removal.  The  hand  should  be 
covered  with  a  warm,  moist,  antiseptic  dressing  and  be  put  on  a 
splint.  The  dressing  should  be  changed  at  least  once  a  day,  and  the 
hand  submerged  for  thirty  minutes  or  longer  in  a  warm  salt  solution 
bath.  After  the  acute  symptoms  subside  the  fingers  should  be 
moved  at  each  dressing,  in  order  to  prevent,  adhesions  about  the 
tendons.  If  a  tendon  sloughs,  attempts  may  be  made,  after  the 
wounds  have  healed,  to  repair  the  loss  by  transplanting  a  segment 
of  the  palmaris  longus  tendon,  or  a  twisted  strip  of  the  fascia  lata. 

Jumping^  springing,  or  snapping  hip  {hafiche  a  ressort,  scknap- 
pendeHufie)  is  characterized  by  a  sudden  jump  at  the  level  of  the  great 
trochanter,  on  flexion,  and  sometimes  on  extension,  of  the  thigh, 
which  jump  is  accompanied  by  a  noise,  expressed  onomatopoetically 
as  '^cloc.'*  This  condition  has  been  ascribed  to  voluntary  subluxa- 
tion of  the  hip,  inflammation  or  absence  of  the  bursa,  osteoma,  vol- 
untary or  spasmodic  contraction  of  the  gluteus  maximus  or  tensor 
vaginae  femoris,  and  to  relaxation  of  the  ligaments  or  muscles.  It 
seems  probable,  however,  that  in  all  cases,  even  in  those  compli- 
cated by  subluxation,  which  is  not  common,  the  jump  and  snap  are 
due  to  slipping  of  the  anterior  border  of  the  gluteus  maximus  over 
the  trochanter,  for  at  the  time  of  the  snap  a  cord-like  structure  can 
be  seen  and  felt  to  glide  over  the  trochanter,  forwards  during  flexion 
backwards  during  extension,  and  the  snap  may  be  prevented  by 
fixing  the  cord  with  the  hand.  Clinically  there  are  two  varieties, 
the  congenital  and  the  acquired.  The  congenital  form,  which  is 
often  bilateral,  is  not  associated  with  pain  or  limping,  and,  according 
to  HeuUy,  is  due  to  a  low  insertion  of  the  gluteus  maximus  on  the 
femur.  The  acquired  form  usually  follows  an  injury  to  the  hip, 
and  is  the  result  of  tearing  of  the  upper  part  of  the  attachment  of 
the  gluteus  maximus  from  the  linea  aspera,  thus  allowing  the  anterior 
border  of  the  muscle,  with  its  attached  fascia,  to  slip  suddenly 
over  the  trochanter.  In  these  cases  there  may  be  pain  and  lameness, 
and,  to  avoid  the  ^'cloc,''  the  patient  may  keep  the  hip  extended, 
or  walk  bent  over  towards  the  well  side,  thus  causing  secondary 
scoliosis,  adduction  of  the  affected  limb,  elevation  of  the  anterior 
superior  spine  on  the  same  side,  and  apparent  projection  of  the 
trochanter.  Treatment  is  needed  only  when  the  trouble  seriously 
handicaps  the  patient.     The  anterior  edge  of  the  gluteus  maximus 
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may  be  sutured  to  the  periosteum  of  the  trochanter  (Bayer)  and,  in 
addition,  to  the  femoral  aponeurosis  and  vastus  externus  (HeuUy). 
Coxa  vara  is  a  downward  bending  of  the  neck  of  the  femur,  which 
may  form  and  angle  of  90°  or  even  less  with  the  shaft  of  the  bone. 
It  may  aflFect  one  or  both  sides  and  is  frequent  in  young  males,  al- 
though it  may  occur  in  either  sex  and  at  any  peripd  of  life;  indeed  it 
is  physiological  in  old  age  and  may  be  congenital.  Diseases  which 
soften  the  osseous  tissue,  such  as  rickets,  osteomalacia,  ostitis  de- 
formans, and  chronic  inflammatory  affections  of  bone,  as  well  as 
fracture  of  the  neck  of  the  femur,  may  result  in  coxa  vara.  The 
symptoms  are  pain  and  lameness.  The  limb  is  shortened,  the  tro- 
chanter above  Nelaton's  line,  and  abduction  limited.  The  foot  may 
be  everted  and  internal  rotation  restricted,  if  the  neck  is  twisted 
backwards,  and  less  commonlv  in- 
verted  with  the  restriction  of  ex- 
ternal rotation,  if  the  neck  is  twisted 
forward .  Careful  examination ,  with 
a  radiogram,  will  usually  permit 
easy  differentiation  from  coxalgia  or 
congenital  dislocation.  The  treat- 
ment in  the  developing  stages  is  rest 
in  bed  with  extension,  or  the  use  of 
some  form  of  hip  splint,  for  a  number 

of  months,   in    order    to    prevent        Fig.  551.-1.  Normal  femur.    2.  Coxa 

.   .  vara-cuneiform    ostecjtomy.     3.   Abduc- 

lUrther  deformity,    the  nutrition  of   tion  of  limb  fixes  fhe  upper  fragment 

the  Umb  being  maintained  by  mas-  *^«^^"''  ."*?  ^^  acetabulum  and  doses 

«^«j^  v^x,u*g  «.AM,uAv«*u«v.vA  ^j   M.M.M.%A,*^     opcmttg  m  botte.    4.  Replacement  of  limb 

sage  and  electricity.      Persistent  de-   a^t^r  union  if  complete  elevates  the  neck 
#         .^  ,  !•      1  !•  1  to  its  former  position.     (Whitman.) 

lormity  when  disabling  may  be  cor- 
rected by  osteotomy,  either  linear  or  cuneiform  (Fig.  551). 

Coxa  valga  is  an  increase  in  the  angle  between  the  neck  and  shaft 
of  the  femur.  As  in  coxa  vara  the  neck  may  be  twisted  iorwards 
or  backwards.  The  limb  is  lengthened,  the  trochanter  below  Nek- 
ton's line,  and  adduction  restricted.  It  has  been  found  associated 
with  diseases  like  those  mentioned  under  coxa  vara.  Osteotomy 
and  correction  of  the  deformity  may  possibly  be  indicated  in  some 
cases. 

Genu  valguxxii  or  knock -knee,  is  an  abnormal  outward  deflection 
of  the  leg,  the  feet  being  separated  when  the  knees  are  together  in 
the  extended  position.  One  or  both  limbs  may  be  affected.  Accord- 
ing to  the  cause,  the  cases  may  be  grouped  in  three  classes : 

I.  Genu  valgum  rhachiticum  appears  soon  after  the  child  begins 
to  walk,  the  normal  angle  between  the  thigh  and  the  leg  being  ex- 
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aggerated  as  the  result  of  lengthening  of  the  internal  condyle,  or 
bending  of  the  femur  above,  or  the  tibia  below,  the  knee.  The  in- 
ternal lateral  ligament  is  stretched,  and  the  joint  is  often  abnormaUy 
movable  in  all  directions  (loose  knees),  2.  Genu  valgum  staikum 
is  most  common  during  adolescence  in  those  of  poor  physique, 
or  in  those  who  are  compelled  to  stand  much  or  to  carry  hea\7 
weights.  It  is  supposed  by  some  to  be  due  to  a  latent  form  of  rickets. 
Owing  to  the  normal  obliquity  of  the  femur,  most  of  the  weight  of 
the  body  is  transmitted  to  the  tibia  through  the  external  condyle 
of  the  femur,  and  knock-knee  is  prevented  by  the  action  of  the  mus- 
cles on  the  inner  side  of  the  limb.  In  the  weak  or  overworked  these 
muscles  tire  and  the  individual  assumes  an  attitude  of  rest  with  the 
feet  separated  and  the  knees  extended,  thus  relaxing  the  muscles, 
stretching  the  internal  lateral  ligament,  and  ultimately  causing  atro- 
phy of  the  external  condyle  and  hypertrophy  of  the  internal  condyle. 
The  patella  passes  externally,  the  tissues  on  the  outside  of  the  limb 
are  contracted,  and  the  tibia  is  usually  rotated  outwards.  The  pa- 
tient has  a  rolling  gait,  and  scoliosis  may  follow  in  unilateral  cases. 
As  the  enlargement  of  the  internal  condyle  is  chiefly  in  the  vertical 
and  transverse  directions,  the  deformity  disappears  when  the  knee 
is  flexed  to  a  right  angle,  unless  the  tibia  is  curved.  3.  Other  causes 
of  knock-knee  are  infantile  or  other  forms  of  paralysis,  fracture  or 
dislocation  of  the  knee,  and  destructive  inflammatory  affections 
of  the  joint  or  neighboring  bones.  Flat-foot  may  be  either  the  cause 
or  the  result  of  knock-knee. 

The  treatment  during  the  early  stages  consists  in  keeping  the 
patient  off  the  feet  and  employing  massage  and  daily  corrective 
manipulations,  the  knee  being  pressed  outward  and  the  tibia  inward. 
Constitutional  measures  for  rickets,  or  in  static  cases  for  the  feeble 
general  health,  should  be  employed.  At  a  later  period  braces  con- 
sisting of  an  outside  steel  rod  running  from  the  trochanter  to  the 
foot  ,and  supplied  with  straps  for  pulling  the  knee  outward,  are  indi- 
cated. When  the  bones  have  become  thoroughly  ossified  (at  the  age 
of  three  or  four  in  children) ,  cure  can  be  obtained  only  by  operative 
treatment.  Macewen's  osteotomy  is  the  usual  operation.  The  outer 
side  of  the  knee  is  placed  on  a  sand  bag,  and  a  small  longitudinal 
incision  made  on  the  inner  side  just  above  the  adductor  tubercle. 
Through  this  an  osteotome,  which  differs  from  a  chisel  in  being 
beveled  on  both  sides,  is  passed  down  to  the  bone,  turned  trans- 
versely, and  driven  three-fourths  of  the  way  through  the  bone.  It  is 
then  withdrawn,  the  remaining  portion  of  the  bone  broken,  the  wound 
sutured,  and  the  limb  put  up  in  plaster  in  a  corrected  position 
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Rarely,  and  only  in  the  worst  cases,  is  it  necessary  to  remove  a  wedge 
of  bone  {cuneiform  osteotomy).  The  cast  is  removed  in  six  weeks 
and  the  patient  allowed  to  walk  at  the  end  of  two  months. 

Genu  varum,  or  bow -leg,  is  the  reverse  of  genu  valgum,  the  ex- 
tended knees  being  separated  when  the  feet  are  together.  It  is 
almost  always  due  to  rickets,  which  permits  the  tibiae  to  bend  outward. 
Occasionally  the  deformity  is  produced  by  a  bending  of  the  femur 
or  an  enlargement  of  the  external  condyle.  Anterior  bow4eg  is  a 
forward  curve  of  the  tibia,  usually  near  one  extremity  of  the  bone,  and 
generally  associated  with  some  lateral  deviation,  thus  differing  from 
the  sabre  blade  deformity  of  syphilis,  which  is  due  to  a  hyperplasia 
rather  than  a  bending  of  the  bone,  and  which  is  generally  regular 
and  without  a  twist.  Posterior  bow-leg  or  genu  recurvatum  is  the 
reverse  of  anterior  bow-leg.  The  treatment  is  correction  by  daily 
manipulations  or  the  use  of  braces,  up  to  the  age  of  three  or  four 
after  which  operative  treatment  offers  the  only  hope  of  success. 
Osteotomy  of  the  tibia  is  performed  at  the  point  of  greatest  curva- 
ture, in  the  same  manner  as  osteotomy  for  knock-knee,  the  fibula 
being  broken  manually.  The  cast  is  removed  in  four  weeks  and 
the  ]>atient  aUowed  to  walk  at  the  end  of  six  weeks  Osteoclasis,  or 
fracture  of  the  bone  by  a  special  apparatus,  the  osteoclast,  is  pre- 
ferred by  some  surgeons,  but  should  not  be  employed  when  the  curve 
is  near  a  joint  or  the  bone  very  strong. 

Rupture  of  the  plantaris  {tennis  leg)  may  occur  during  climbing 
jumping,  boxing,  tennis,  *  and  similar  exercises.  There  is  a  sharp 
pain  in  the  calf  like  the  sting  of  a  whip  (coup  de  fouet) ,  tenderness, 
swelling,  and,  after  a  day  or  two,  ecchymosis  along  the  posterior 
surface  of  the  leg;  identical  symptoms  are  produced  by  the  rupture 
of  a  deep  varix.  The  treatment  is  rest  of  the  leg  for  one  week,  ich- 
thyol,  and  a  firm  bandage.  Later  the  patient  may  walk,  but  should 
not  rise  on  the  toes  for  several  weeks. 

Talipes,  or  club-foot,  is  an  abnormal  and  permanent  deviation  of 
the  foot  in  the  direction  of  extension  (T.  equinus),  flexion  (T.  cal- 
caneus), adduction  (T.  varus),  or  abduction  (T.  valgus).  Combina- 
tions of  these  forms  occur,  such  as  T.  equino-valgus  or  varus,  and 
T.  calcaneo-valgus  or  varus. 

The  causes  are  congenital  and  acquired.  Congenital  club-foot 
may  be  due  to  abnormal  intrauterine  pressure,  to  defective  develop- 
ment of  the  bones  of  the  leg,  or  to  some  nerve  lesion,  e.g.,  when 
associated  with  spina  bifida.  It  is  often  bilateral,  sometimes  heredi- 
tary, and  usually  not  associated  with  the  wasting,  trophic  changes, 
and  impaired  electrical  reactions  observed  in  the  acquired  paralytic 
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form.  Acquired  club-foot  may  arise  from  paralysis  from  any  cause 
but  particularly  that  form  following  anterior  poliomyelitis  (paralytic 
talipes),  from  spasmodic  aflfections  of  certain  groups  of  muscles  {spas- 
tic  talipes),  cicatrical  contraction  of  the  soft  parts  following  injury 
or  disease,  rupture  of  tendons  or  muscles,  fractures  about  the  ankle, 
burns,  (traumatic  talipes),  and  epiphysitis.  Shortening  of  the  lower 
extremity  f rorn  any  cause  is  often  followed  by  a  compensatory  talipes 
equinus,  while  prolonged  fixation  of  the  foot  in  any  position  may  lead 
to  deformity,  e.g.,  the  f>ointed  foot  following  prolonged  confinement 
to  bed  (talipes  decubitus) ,  or  the  improper  application  of  a  plaster 
cast.  The  anatomical  changes  vary  with  the  degree  and  t\'pe  of 
deformity.  The  niidtarsal  joint  (os  calcis  with  cuboid,  and  astra- 
galus with  scaphoid)  is  the  one  most  frequently  and  most  extensively 
involved,  the  ankle  joint  being  most  affected  in  equinus  and  calcan- 
eus. In  severe  cases  the  bones  are  altered  in  shap>e,  the  tendons  run 
in  abnormal  directions,  the  weak  or  paralyzed  muscles  are  stretched 
or  atrophied  while  their  opponents  are  shortened,  the  ligaments  and 
fasciae  are  contracted  or  stretched,  and  the  skin  is  thickened,  per- 
haps with  corns  or  ulcers,  at  the  points  where  the  foot  rests  on  the 
ground.    Abnormal  bursse  also  may  form. 

The  treatment  is  (i)  mechanical,  i.e.,  manipulation,  plaster-of- 
Paris  bandages,  and  braces,  or  (2)  operative,  i.e.,  tenotomy,  tendon 
lengthening,  shortening,  or  transplantation,  syndesmotomy  or  fas- 
ciotomy,  myotomy  (rare),  brisement  ford,  open  incision,  tarsotomy 
or  tarsectomy,  bone  transplantation,  nerve  transplantation,  arthro- 
desis and  in  the  worst  cases  amputation.  Manipulation  consists 
in  holding  the  foot  in  a  corrected  position  for  a  few  minutes  several 
times  daily;  it  is  indicated  in  recent  cases  of  mild  degree.  An  ex- 
tension of  this  method  is  the  application  of  plaster-of  Paris  bandages, 
after  the  deformity  has  been  corrected  as  much  as  possible,  WTien 
the  cast  becomes  loose,  further  correction  is  made  and  a  second 
bandage  applied,  and  so  on,  until  the  foot  returns  to  its  normal 
position.  Braces  and  shoes  are  employed,  not  so  much  for  correc- 
tion, as  for  the  maintenance  of  the  normal  position  after  the  deform- 
ity has  been  reduced  by  other  means. 

Operative  treatment  of  some  form  is  required  in  all  but  the  mild- 
est cases,  and  varies  with  the  type  of  deformity.  Talipes  equino- 
varus  (Fig.  552)  is  the  commonest  form  of  club-foot,  and  when  bi- 
lateral is  called  reel-feet^  owing  to  the  fact  that  the  feet  are  lifted  one 
over  the  other  when  the  patient  walks.  The  heel  is  drawn  up  and 
the  foot  twisted  and  folded  on  itself,  so  that  the  toes  pK>int  inwards 
and  the  patient  walks  on  the  outer  border  or  dorsum.    When  the 
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Pig.  S5».— Talipes  equino-varus. 


measures  mentioned  above  have  failed  or  are  inadvisable,  the  varus 
may  be  corrected  after  tenotomy  of  the  tibialis  anticus,  tibialis  pos- 
ticus, and  plantar  fasda  (Jasciotomy) ,  and  the  eqyinus  may  then  be 
overcome  by  section  or  lengthening  of  the  tendo  Achillis.  Division 
of  the  contracted  ligaments  on 
theinnersideof  the  foot  (syndes- 
metomy)  also  may  be  needed. 
In  any  operation  for  club-foot  I 
the  deformity  should  be  over- 
corrected  and  the  foot  and  leg 
put  up  in  plaster,  which  should 
notbedisturbedfortwoorthree  I 
months.  After  the  plaster  has 
been  removed,  braces  will  be 
needed  until  there  is  no  longer  | 
any  tendency  towards  recur- 
rence, usually  a  matter  of  some 
years.  In  paralytic  cases  a  permanent  brace  may  be  required, 
Brisement  ford  is  immediate  forcible  correction  by  the  hands  or  by 
instruments  (Fig.  553).  Open  incision,  or  Phelps'  operation,  con- 
sists in  dividing  all  the  tissues  on  the  inner  side  of  the 
foot  down  to  the  bone,  by  an  incision  extending  from 
the  internal  malleolus  to  one-fourth  of  the  distance 
across  the  sole  of  the  foot.  The  wound  is  packed 
with  gauze,  and  the  foot  put  up  in  plaster  in  an  over- 
corrected  position.  Jones  raises  a  triangular  flap, 
thus  lessening  the  gap  after  correction  of  the  defor- 
mity. When  the  bones  are  so  altered  in  shape  as  to 
prevent  reduction,  the  osseous  tissue  itself  must  be 
attacked.  According  to  the  situation  of  the  obstruc- 
tion, osteotomy  may  be  performed  upon  the  neck  of 
the  astragalus  through  an  incision  below  the  internal 
malleolus,  upon  the  head  of  the  os  calcis  through  an 
incision  below  the  external  malleolus,  or  upon  the 
scaphoid  through  an  incision  in  the  sole;  osteotomy 
Pio.  553.  of  .the  tibia  and  fibula  above  the  ankle  is  seldom  em- 
foor^nch.  ployed.  Tarsectomy  has  been  performed  in  various 
ways,  one  or  more  of  the  t^irsal  bones  being  removed, 
according  to  different  operators.  I'erhaps  the  best  plan  is  to  re- 
move a  wedge  of  bone  with  the  base  outwards  and  of  sufficient  size 
to  correct  the  deformity.  An  incision  is  made  over  the  most  promi- 
nent portion  of  the  tarsus,  the  tendons  and  soft  parts  retracted, 
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and  the  bone  removed  with  a  chisel,  without  respect  to  the  individual 
bones  or  joints.  Bone  transplantation  has  been  employed  with  suc- 
cess. The  scaphoid  is  split  into  anterior  and  posterior  halves,  and 
a  wedge  of  bone  taken  from  the  tibia  or  the  cuboid  forced  into  the 
split.  In  paralytic  cases  tendon  or  nerve  transplantation  many 
indicated.  "The  outer  half  of  the  tendo  Achillis  may  be  inserted 
into  the  distal  end  of  both  peronei.  The  extensor  longus  halluds 
or  the  outer  half  of  the  tibialis  anticas  may  be  passed  across  the  foot 
under  the  other  tendons  to  be  fastened  to  the  periosteum  of  the 
cuboid  bone"  (Le  Breton).  The  anterior  tibial  nerve  and  the  bran- 
ches to  the  tibialis  anticus  may  be  transplanted  into  the  musculo- 
cutaneous. Arthrodesis  of  the  calcaneo-cuboid  joint  also  may  be 
used  in  these  cases. 

Talipes  equinus  is  usually  the  result  of  paralysis  of  the  extensor 
muscles,  and  is  rare  as  a  congenital  deformity;  the  patients  walk  on 
the  toes,  and  in  the  worst  cases  on  the  dorsum  of  the  foot.  The 
tendo  Achillis  and  the  tissues  of  the  sole  of  the  foot  are  shortened. 
The  operative  measures  for  its  correction  are  division  or  lengthening 
of  the  tendo  Achillis,  or  in  more  severe  cases  removal  of  the  astra- 
galus or  a  wedge-shaped  section  of  the  tarsus.  Nerve  transplanta- 
tion as  for  equino-varus,  or  the  transplantation  of  a  portion  of  the 
tendo  Achillis  to  the  tibialis  anticus  or  extensor  communis  digitorum 
may  be  employed.  Alter  correction  arthrodesis  of  the  ankle  joint 
may  be  performed. 

Talipes  calcaneus  may  be  congenital  or  acquired.  The  foot  is 
drawn  upwards  and  the  patient  walks  on  the  heel.  Itmay  require 
division  of  the  extensor  tendons,  shortening  of  the  tendo  AchilKs, 
transplantation  of  the  peronei  into  the  os  calcis,  astragalectomy,  or 
arthrodesis  of  the  ankle  joint. 

Talipes  valgus  (Fig.  554)  is  an  abduction  and  eversion  of  the  foot 
with  flattening  of  the  sole.  It  may  be  combined  with  equinus  or 
calcaneus.  The  acquired  form  is  synon>mous  with  flat-foot,  under 
which  the  treatment  will  be  discussed. 

Talipes  varus  (Fig.  555),  or  adduction  and  inversion  of  the  foot, 
is  treated  as  equino-varus,  excepting  the  division  of  the  tendo  Achillis. 

Flat-footy  or  pes  planus  {splay-foot,  acquired  or  spurious  valgus)  y 
is  a  flattening  of  the  arch,  usually  with  abduction  and  eversion  of  the 
foot.  The  causes  include  all  those  conditions  which  induce  a  di^ro- 
portion  between  the  weight  of  the  body  and  the  strength  of  the  mus- 
cular and*  ligamentous  tissues  controlling  the  foot,  and  diseases  or 
injuries  which  alter  the  relation  or  shape  of  the  bones.  Among  these 
conditions  are  improperly  fitting  shoes,  prolonged  standing,  rapid 
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increase  in  weight,  general  ill  health,  prolonged  disuse  of  the  foot 
resulting  in  muscular  weakness,  infantile  or  other  form  of  paralysis, 
rickets,  injury  (particularly  Pott's  fracture),  and  arthritis,  especially 
of  gonorrheal  origin. 

SjmiptQins  may  be  absent  in  a  well-marked  case,  severe  in  a  case 
in  which  the  deformity  is  slight  or  absent.  Pain,  particularly  after 
using  the  foot,  is  most  marked  in  the  sole  and  the  midtarsal  joint,  but 
occurs  also  in  other  portions  of  the  foot,  occasionally  being  reflected 
up  the  limb  even  to  the  lumbar  region,  and  sometimes  associated 
with  muscular  spasm.  The  foot  loses  its  normal  flexibility,  and 
tenderness  exists  over  the  points  of  the  ligamentous  attachments. 
The  gait  is  shuflSing  and  there  maybe  some  swelling,  which  frequently 
leads  to  an  incorrect  diagnosis  of  rheumatism.  The  deformity  (Fig. 
554)  is  quite  obvious  in  well-marked  cases  and  is  accentuated  when 
the  patient  stands.  The  inner  border  of  the  foot  is  lengthened  and 
rests  on  the  ground,  and  the  internal  malleolus  and  head  of  the  as- 
tragalus are  more  prominent  than  usual.    The  plantar  ligaments  and 


Fig.  554. — Talipes  valgus.     (Gould.)         Fig.  555. — Talipes  varus.     (Gould.) 

muscles  are  stretched,  the  tibialis  posticus  weakened,  and  the  j)ero- 
nei  contracted.  An  impression  of  the  weight  bearing  portion  of  tlie 
sole  may  be  obtained  by  having  the  patient  step  on  (:ar(n)oard 
covered  with  lamp  black. 

The  treatment  in  static  cases,  i.e.,  those  due  to  disproportionate 
weight,  is  to  strengthen  the  muscles,  by  means  of  massage,  electri- 
city, and  exercises,  such  as  rising  on  the  toes,  and  walking  with  the 
foot  in  a  varus  position.  By  wedging  the  inner  edges  of  the  heels 
and  soles  of  the  shoes,  pronation  can  be  overcome;  soft  felt  pads  can 
be  moulded  to  support  the  longitudinal  and  anterior  arches  of  the 
foot  and  attached  to  the  insoles  of  the  shoes.  When  the  symptoms 
have  disappeared  the  artificial  support  should  be  gradually  discon- 
tinued. When  the  foot  is  too  tender  for  the  use  of  shoes  the 
patient  may  rest  in  bed  or  have  a  plaster  cast  applierl.  In  some 
cases  the  eversion  is  so  marked  as  to  require  a  steel  bar  running  up 
the  outer  side  of  the  leg,  and  supplied  with  a  strap,  which  passes 
around    the   internal    malleolus   and    pulls  the  ankle  out.    Sup- 
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ports  are  generally  useless  unless  the  deformity  can  be  cor- 
rected. When  the  foot  is  fixed  in  deformity,  the  patient  should  be 
anesthetized,  the  deformity  overcorrected  with  the  hands  or  the  club- 
foot wrench,  and  a  plaster  cast  applied,  a  support  being  used  when 
the  pain  has  disappeared.  In  paralytic  cases  nerves  may  be  trans- 
planted as  in  equino-varus.  The  peroneus  brevis  may  be  passed 
under  the  tendo  Achillis  and  attached  to  the  scaphoid,  while  the 
peroneus  tertius  may  be  attached  to  the  same  point  after  being 
passed  beneath  the  anterior  tendons.  The  extensor  longus  poUicis 
or  the  tibialis  anticus  may  be  passed  through  a  hole  bored  in  the 
scaphoid  and  turned  back  and  sutured  to  the  periosteum.  The 
peroneus  longus  has  been  transplanted  to  the  tibialis  posticus.  When 
the  obstacle  to  reduction  is  osseous,  a  wedge  of  bone  may  be  removed 
from  the  inner  side  of  the  tarsus.  Other  bone  operations  are  osteo- 
tomy of  the  neck  of  the  os  calcis  and  astragalus,  removal  of  the 
scaphoid,  supramalleolar  osteotomy,  longitudinal  section  of  the  os 

calcis  with  displacement  downwards  of  the  pos- 
terior fragment,  and  bone  transplantation,  a 
wedge-shaped  piece  of  the  scaphoid  being  excised, 
thus  shortening  the  inner  side  of  the  foot,  and 
driven  into  an  osteotomy  wound  in  the  forward 
part  of  the  os  calcis,  thus  lengthening  the  outer 
border  of  the  foot. 
^''''  "(gTS'''''^'*        P®s  cavus,  or  hoUow  foot  (Fig.  556) ,  is  the  re- 

verse  of  flat-foot.  It  is  rarely  congenital,  being 
usually  the  result  of  anterior  poliomyelitis  or  the  wearing  of  short 
or  ill  fitting  shoes.  The  most  marked  cases  occur  in  Chinese  women, 
from  bandaging.  The  treatment  is  the  use  of  a  properly  fitting  shoe, 
with  a  flat  steel  plate  in  the  sole  and  a  strap  running  over  the  arch  of 
the  foot.  The  severer  forms  require  division  of  the  plantar  fasda. 
Metatarsalgia,  or  Morton's  disease,  is  severe  neuralgic  pain 
beginning  on  either  side  of  the  distal  end  of  the  fourth  metatarsal 
bone  and  passing  up  the  foot  and  often  up  the  leg.  It  is  caused, 
by  a  pinching  of  the  digital  nerves  between  the  heads  of  the  third 
and  fourth  or  fourth  and  fifth  metatarsal  bones,  which  have  become 
displaced  as  the  result  of  badly  fitting  shoes.  The  transverse  arch 
formed  by  the  distal  ends  of  the  metatarsal  bones  is  flattened  and 
the  foot  broadened;  there  may  or  may  not  be  flat-foot.  The  pain 
usually  comes  on  when  walking  and  is  often  so  severe  that  the  pati- 
ent immediately  removes  the  shoe  and  rubs  the  foot;  it  can  often  be 
induced  by  rolling  the  metatarsal  bones  one  over  the  other.  The 
treatment  is  the  application  of  a  felt  pad  to  correct  the  flattened 
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anterior  arch,  vida  supra,  and  the  use  of  properly  fitting  shoes. 
Intractable  cases  can  be  cured  only  by  resection  of  the  head  of  the 
fourth  metatarsal  bone,  or  by  excision  of  the  superficial  branch  of 
the  external  plantar  nerve. 

Hallux  valgus  is  an  outward  deviation  of  the  great  toe  produced 
by  short  tight  or  pointed  shoes  and  stockings.  It  exists  in  a  slight 
degree  in  inost  civilized  people  and  the  most  severe  forms  are 
commonly  seen  in  later  life.  The  head  of  the  first  metatarsal  is 
uncovered,  and  often  becomes  enlarged  as  the  result  of  chronic  peri- 
ostitis. A  bursa  may  form  in  this  situation  (bunion),  which  may  be- 
come inflamed;  should  suppuration  occur  the  joint  may  be  invaded 
and  disorganized.  The  treatment  in  early  cases  is  the  fitting  of 
straight-last,  round-toed  shoes  and  the  application  to  the  inner 
side  of  the  foot  of  a  hard  rubber  splint,  to  which  the  toe  is 
bandaged,  or  the  use  of  a  metal  partition  attached  to  the  sole  of  the 
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shoe  and  projecting  between  the  first  and  second  toes.  .\n  inflamed 
bunion  is  treated  like  acute  bursitis;  a  bunion  plaster,  i.e..  a  pad 
with  a  central  opening,  may  be  applied  to  relieve  pressure.  Perman- 
ent relief  is  obtained  by  excision  of  the  bur^a,  and  correction  of  the 
hallux  valgus,  which  in  advanced  cases  can  be  accomplishefl  only 
by  operation.  This  may  be  an  osteotomy  of  the  metatarsal  bone, 
an  excision  of  the  metatarso-phalangcai  joint,  or  a  sha\-ing  off  of  the 
exostosis  on  the  inner  side  of  the  head  of  the  metatarsal  bone.  In 
addition  to  the  last  procedure.  Weir  divides  the  outer  portion  of  the 
capsular  ligament  and  transfers  the  dorsal  tendon  to  the  periosteum 
on  the  inner  side  of  the  base  of  the  first  phalanx  (Fig.  5571.  .After 
excising  the  joint  and  the  exostosis,  Mayo  swings  a  flap  consisting 
of  the  subcutaneous  tissues  and  the  bursa,  into  the  defect  between 
the  bones,  thus  re-establishing  the  Joint.  A  similar  result  may  be 
obtained,  if  the  bursa  must  be  excise^l,  by  filling  the  new  joint  with 
fat. 
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Halius  rigidus  is  an  arthritis  of  the  metatarso-phalangealarticu- 
iation,  the  result  of  flat-foot,  defective  shoes,  or  injury,  and  terminat- 
hig  in  ankylosis.  The  treatment  is  removal  of  the  cause,  with  local 
applications  as  for  arthritis.  In  old  cases,  particularly  if  ankylosis 
occurs  in  a  vicious  position,  arthroplasty  may  be  performed. 

Hammer-toe  is  a  permanent  hyperextension  of  the  first,  and 
flexion  of  the  second  and  third  phalanges.  The  congenital  form 
is  probably  due  to  shortening  of  the  lateral  digital  processes  of  the 
plantar  fascia.  It  may  be*  caused  by  short  shoes  or  be  associated 
with  hallux  valgus,  talipes  equinus,  or  pes  cavus.  It  also  follows 
paralysis  of  the  interossei  and  lumbricales,  correspK)nding  to  a  similar 
deformity  of  the  fingers  after  ulnar  paralysis.  Corns  or  burss  may 
form  over  the  points  exposed  to  pressure,  and  walking  becomes  pain- 
ful and  difficult.  The  treatment  in  the  mildest  form  is  the  wearing 
of  proper  shoes,  the  application  of  a  splint,  preceded,  if  necessary,  by 
division  of  the  contracted  fascia  and  forcible  correction.  When  more 
severe,  it  will  be  necessary  to  excise  the  distal  end  of  the  first  phalanx 
and  divide  the  extensor  tendon.  In  the  worst  cases  amputation  will 
be  required. 

Achillodynia  is  a  term  which  has  been  applied  to  two  separate 
conditions,  (i)  Post-calcaneal  bursitis,  or  Albert's  disease,  causes 
a  tender  swelling  between  the  os  calcis  and  tendo  Achillis,  and  may 
follow  an  injury,  a  strain,  or  prolonged  walking  or  skating.  Some 
cases  are  due  to  an  exostosis  of  the  os  calcis.  The  treatment  is  rest 
of  the  foot  and  the  use  of  the  measures  indicated  in  bursitis.  Opera- 
tion may  be  required  for  an  .exostosis.  (2)  Synovitis  of  the  tendo 
Achillis  may  follow  the  same  conditions,  or  arise  spontaneously  in 
the  gouty  or  rheumatic.  Pain  and  swelling  are  most  marked  at  the 
level  of  the  top  of  the  shoe,  and  soft  crepitus  may  sometimes  be 
obtained  on  flexing  or  extending  the  foot.  The  treatment  is  that  of 
tenosynovitis,  with  the  use  of  the  salicylates  in  the  rheumatic. 

Painful  heel  {policeman^  s  heel)  is  charactrized  by  pain  and  tender- 
ness on  the  under  surface  of  the  heel.  It  may  be  caused  by  strain, 
periostitis,  flat-foot,  inflammation  of  the  bursa  beneath  the  os  calcis, 
or  an  exostosis,  hence  the  necessity  for  a  radiograph  in  all  doubtful 
cases.    The  treatment  necessarily  varies  with  the  cause. 

Aside  from  superficial  obvious  lesions,  e.g.,  corns,  wounds,  ulcers, 
etc.,  and  in  addition  to  the  various  conditions  mentioned  above, 
painful  feet  may  be  caused  by  gout,  rheumatism,  cardiac  or  renal 
disease,  neurasthenia,  neuritis,  neuroma  or  other  tumors,  inflamm- 
atory affections  of  the  bones,  and  diseases  of  the  ovary,  prostate,  or 
rectum.    Non-deforming  club-foot  causes  pain  in  the  foot,  leg,  and 
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ankle,  and  is  supposed  to  be  due  to  an  alteration  in  the  articular 
surfaces,  the  result  of  injury,  arthritis,  habitual  malposition,  or 
anterior  pK)liomyelitis.  The  foot  cannot  be  flexed  beyond  a  right 
angle.  Erythromelalgia  is  a  curious  nervous  disorder  in  which  there 
are  redness,  swelling,  and  burning  pain,  increased  by  heat  and  im- 
mediately relieved  by  cold. 

Perforating  ulcer  of  the  foot  (maUperJorant)  is  most  frequently 
seen  beneath  the  head  of  the  first  or  fifth  metatarsal  bone.  As  a 
rule  a  com  or  callosity  first  appears,  suppuration  takes  place  beneath 
this,  and  a  sinus  results,  the  opening  being  surrounded  by  thickened 
epidermis;  the  sinus  deepens,  and  if  allowed  to  progress  unchecked, 
the  bones  and  joints  may  be  destroyed.  The  discharge  is  scanty 
and  pain  frequently  slight  or  absent.  The  cause  of  perforating  ulcer 
is  usually  anesthesia  of  the  sole  of  the  foot,  which  permits  repeated 
or  long  continued  irritation  without  the  individual's  knowledge. 
It  may  be  found  in  many  diseases,  conspicuous  among  which  are 
leprosy,  tabes  dorsalis,  syringomyelia,  and  peripheral  neuritis  the 
result  of  alcohol,  syphilis,  or  diabetes;  it  may  result  also  from  spina 
bifida  and  from  injury  of  the  spinal  cord  or  nerves.  In  rare  instances 
it  may  follow  epithelioma,  a  neglected  corn,  or  other  purely  local 
lesion,  and  in  these  cases  pain  may  be  severe. 

The  treatment  is  relief  of  pressure  by  confining  the  patient  to  a 
chair,  removal  of  the  thickened  epidermis  after  poulticing  or  soaking 
the  foot  in  warm  water,  and  disinfection  and  drainage  of  the  sinus; 
the  wound  may  then  be  stimulated  by  balsam  of  Peru,  or  weak  solu- 
tions of  silver  nitrate  or  copper  sulphate.  Good  results  have  followed 
stretching  of  the  tibial  or  the  plantar  nerves.  In  recalcitrant  cases 
the  ulcer  should  be  excised  and  necrotic  bone  removed.  When  the 
foot  is  extensively  involved  amputation  may  be  necessary.  The 
cause  of  the  condition  should,  of  course,  be  removed  if  possible. 

AMPUTATIONS 

Amputation  as  applied  to  the  extremities  signifies  the  removal  in 
continuity  of  the  whole  or  a  portion  of  a  limb.  If  through  a  joint  it  is 
known  as  a  disarticulation.  The  chief  considerations  in  regard  to 
the  operation  are  (a)  its  indications,  (b)  the  time,  and  (c)  the  site  at 
which  it  should  be  perfori^ied.  and  (d)  the  method  of  proceeding. 

a.  The  indications  for  amputation  are  (i)  to  save  life,  e.g.,  in 
extensive  crushes,  virulent  infections,  gangrene,  septic  diseases  of 
bone,  tumors,  and  aneurysms;  and  (2)  to  pro\ide  for  the  fitting  of 
useful  artificial  supports  when  the  limb  is  functionless  from  disease 
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or  deformity.  To  amputate  or  not  to  amputate  is  a  question  which 
often  taxes  the  surgeon's  judgment  to  the  utmost,  as  absolute  rules 
cannot  be  formulated.  The  age  and  general  condition  of  the  patient 
may  be  such  as  to  necessitate  amputation,  which  under  other  circum- 
stances would  be  inadvisable.  Furthermore,  a  laborer  who  must 
support  a  large  family  can  often  be  more  quickly  and  better  prepared 
to  meet  life's  responsibilities  with  an  artificial  limb  than  with  a  badly 
crippled  extremity, which  to  his  more  furtunate  brother  is  an  incon- 
venience only.  In  injuries  the  principal  questions  to  be  answered  are: 
(i)  Will  the  blood  supply  be  adequate  to  prevent  gangrene;  (2)  is  the 
injury  to  the  nerves  and  muscles  so  great  that  a  useful  limb  cannot 
be  obtained;  (3)  can  infection  be  prevented  or  kept  under  control? 
I.  Laceration  of  the  main  artery  or  vein  alone  is  not  an  indication 
for  amputation,  as  either,  indeed  both,  may  be  sutured  or  even  tied 
without  gangrene  following,  providing  the  collateral  vessels  are 
intact.  If  both  artery  and  vein  require  ligation,  however,  and  the 
collateral  vessels  also  are  damaged,  amputation  must  be  performed. 
Moszkowitz  tests  the  efficiency  of  the  circulation  by  elevating  the 
limb,  applying  a  tourniquet,  then  lowering  the  limb  and  after  five 
minutes  removing  the  constrictor.  If  the  circulation  is  active,  the 
whole  Umb  becomes  hyperemic  in  a  few  seconds.  Parts  which 
remain  anemic  are  devitalized,  those  which  improve  in  color  very 
slowly  will  probably  become  gangrenous.  Matas,  in  order  to  ascer- 
tain the  condition  of  the  collateral  circulation,  maintains  the  pressure 
on  the  artery  after  removing  the  tourniquet.  Sandrock  scrubs  the 
limb  vigorously,  thus  inducmg  hyperemia  if  the  part  is  adequately 
nourished.  If  the  limb  is  of  normal  color  and  temperature  below  the 
wound,  if  the  peripheral  ends  of  the  artery  and  the  vein  bleed,  and  if, 
in  case  the  artery  alone  is  injured,  congestion  can  be  produced  by 
compressing  the  main  vein,  the  collateral  circulation  is  capable  of 
supporting  the  life  of  the  limb.  2.  Nerves  and  muscles  may  be 
brought  together  in  suitable  cases,  but  they  are  often  so  extensively 
damaged  that  they  either  cannot  be  approximated  or  repair  cannot 
be  expected.  Extensive  loss  of  skin  in  itself  is  rarely  an  indication 
for  amputation.  3.  Infection  is  practically  never  an  indication  for 
primary  amputation;  although  a  finger  has  been  amputated  im- 
mediately after  a  bite  by  a  venomous  snake  or  after  a  known  infection 
with  very  virulent  organisms.  Unless  amputation  is  positively 
demanded,  e.g.,  in  pulpification  of  the  whole  limb  or  a  segment 
thereof,  one  is  always  justified  in  making  an  effort  to  preserve  the 
part  by  careful  disinfection  and  free  drainage. 

b.  According  to  the  time  at  which  an  amputation  is  performed  it 
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is  designated  primary,  intermediate,  or  secondary.  Primary  ampu- 
tation,  i.e.,  during  the  first  24  hours  after  the  injury,  should,  as  a  rule, 
be  p>ostponed  until  shock  has  subsided,  the  hemorrhage  being  tem- 
porarily stayed  by  applying  a  tourniquet  as  close  as  possible  to  the 
point  at  which  the  muscles  and  bone  are  crushed.  The  tissues  thus 
compressed  are  already  so  devitalized  that  they  would,  in  any  event, 
be  removed  with  the  limb,  hence  the  tourniquet  is  harmless  and 
should  remain  in  place  until  after  the  amputation,  a  second  one  being 
adjusted  at  a  higher  level  to  control  bleeding  during  the  operation. 
An  intermediate  amputation  is  one  performed  after  24  hours,  and 
within  the  first  few  days,  generally  for  gangrene  or  extensive  cellu- 
litis, occasionally  for  bleeding.  Secondary  amputation,  i.e.,  after 
a  number  of  days,  may  be  required  for  secondary  hemorrhage,  osteo- 
myelitis, chronic  sepsis,  exhaustion,  or  amyloid  disease  or  to  remove 
a  useless  limb  after  healing  has  occurred. 

c.  The  site  or  level  at  which  a  part  is  to  be  removed  to  secure  the 
best  result  is  pointed  out  in  the  description  of  **  Special  Amputations. " 
Not  always  is  the  longest  stump  attainable  the  best  adapted  for  an 
artificial  limb.  Only  in  amputations  through  the  hand  must  one 
preserve  every  viable,  or  even  doubtful,  fragment  of  tissue.  Infec- 
tion, actual  or  threatened,  may  interfere  with  the  principle  of  prosthe- 
sis. Although,  according  to  this  principle,  disarticulation  at  the 
wrist,  elbow,  ankle,  and  knee  is  generally  to  be  avoided,  it  is  often 
better  when  amputating  for  virulent  infection  to  go  through,  rather 
than  above  or  below,  these  joints,  in  order  to  avoid  exposing  the  bone 
to  bacterial  invasion.  The  guillotine  amputation,  to  be  described 
later,  could  be  justified  only  as  Hfe  saving  measure  in  the  presence  of 
infection.  In  addition  to  usefulness  and  infection  esthetic  reasons 
may  influence  the  site  of  amputation,  e.g.,  in  supernumerary  digits, 
and  sometimes  after  an  injury  to  the  hand,  when  the  patient,  a 
woman,  prefers  symmetry  to  strength. 

d.  The  Operatioii  is  preceded  by  disinfection,  which  in  accident 
cases  can  be  thoroughly  performed  only  after  the  induction  of  anes- 
thesia. The  operator  stands  to  the  right  of  the  limb,  which  is  brought 
to  the  edge  of  the  table  and  held  by  an  extra  assistant. 

Preliminary  control  of  hemorrhage  is  secured  by  elevating  the 
limb  for  several  minutes,  in  order  to  allow  the  blood  to  drain  into 
the  vessels  of  the  body,  and  appljHing  an  Ebmarch  band  (Fig.  121)  or 
other  form  of  tourniquet  (Fig.  122)  above  the  site  of  amputation. 
In  certain  regions  (hip  and  shoulder)  slipping  downwards  may  be 
prevented  by  long  pins  thrust  through  the  tissues  below  the  band, 
by  sutures,  or  by  a  bandage  passing  beneath  the  band  and  around 
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the  trunk.  When  elastic  constriction  is  inadvisable  (atheroma,  etc.) 
or  inapplicable  (interscapulo-thoracic  amputation,  etc.),  the  main 
vessels  may  be  occluded  by  digital  pressure,  or  expK>sed  i)y  a  pre- 
liminary incision  and  clamped  or  tied. 

Division  of  the  tissues  must  be  so  made  that  there  will  be  suffi- 
cient muscle  to  cover  the  bone,  and  ample  skin  to  cover  the 
muscles,  the  scar  being  so  situated  as  not  to  be  expK>sed  to  pressure. 
As  the  tissues  subsequently  contract,  flaps  which  fit  snugly  are  too 
short.  Formerly  made  by  entering  a  long  knife  close  to  the  bone 
and  cutting  from  within  outwards  (trAnsfixion) ,  flaps,  at  the  present 
time,  are  dissected  from  without  inwards,  as  anesthesia  has  removed 
the  necessity  for  great  haste,  and  it  is  important  to  divide  the 
vessels  and  nerves  transversely  rather  than  obliquely.  The  manner 
in  which  the  flaps  are  shaped  is  described  below.     After  retracting 
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Pig.  558. — Circular  amputation,  showing 
application  of  two-tailed  muslin  retractor. 


Pic.  559. — ^Amputation  throngh 
metatarsus,  showing  application  of 
six-tailed  muslin  retractor. 


the  soft  parts  the  periosteum  is  incised  circularly  around  the  bone, 
at  least  one  half  inch  above  the  proposed  level  of  division  of  the 
bone.  The  soft  parts  are  now  drawn  out  of  harm's  way  by  means 
of  a  piece  of  muslin  with  a  slit  in  it  (or  with  two  or  more  slits  in  it 
if  there  are  two  or  more  bones,  Figs.  558,  559),  and  the  bone 
sawed  transversely.  The  nail  of  the  left  thumb  is  pressed  against 
the  bone  just  above  the  saw-line  and  the  blade  of  the  saw  steadied 
by  the  knuckle  of  the  thumb.  The  saw  is  then  lightly  drawn  from 
heel  to  point  several  times,  so  as  to  form  a  groove,  after  which,  as 
there  is  less  danger  of  injury  to  the  soft  parts  from  slipping  of  the 
of  the  saw,  a  to-and-fro  motion  is  employed,  but  never  with  great 
force.  When  the  section  is  nearly  completed  the  strokes  should 
become  short  and  very  light.  Any  spicules  or  bony  irregularities 
are  removed  with  rongeur  forceps.     Nerces  and  tendons  are  drawn 
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out  a  little  way  and  cut  oflF  short,  thus  preventing  their  inclusion  in 
the  cicatrix.  In  order  to  avoid  the  formation  of  neuromata,  each 
large  nerve  may  be  exsected  by  a  V-shaped  incision,  followed  by 
suture  of  the  neural  flaps;  the  end  of  each  nerve  may  be  turned  back 
and  sutured  to  the  trunk;  the  ends  of  the  nerves  may  be  sutured 
together  or  covered  with  fat;  or,  as  mentioned  above,  the  nerves  may 
be  cut  at  a  high  level  and  allowed  to  retract.  If  the  amputation 
has  been  performed  skillfully  there  will  be  little  need  for  trimming 
away  tags  or  shreds  of  muscle  and  fascia.  The  principles  recited 
above  are  considered  sound  by  most,  but  not  all,  surgeons.  A  few 
believe  that  retention  of  the  deep  fascia  is  liable  to  cause  sloughing. 
Others  fashion  the  flaps  without  muscular  tissue,  because  it  subse- 
quently atrophies. 

Permanent  control  of  hemorrhage  is  attained  by  isolating  the 
large  vessels,  and  tying  each  with  catgut.  The  tourniquet  is  then 
removed,  and  the  smaller  vessels  caught,  and  ligated  with  catgut. 
Capillary  oozing  may  be  controlled  by  pressure  with  gauze,  or  by 
very  hot  water;  bleeding  from  the  bone  which  persists  after  the  use  of 
these  expedients  may  be  arrested  with  crushed  muscle  or  bone 
wax. 

Closure  of  the  wound  should  obliterate  all  dead  spaces.  The 
muscles  are  stitched  with  catgut,  the  skin  with  silkworm  gut. 
Drainage  is  not  required  if  the  wound  is  dry  and  clean.  If  oozing 
continues,  gauze  or  a  rubber  tube  may  be  inserted  between  the  lips 
of  the  most  dependent  part  of  the  wound,  through  which  a  suture 
is  passed  but  not  tied.  After  24  or  48  hours  the  drain  is  removed 
and  the  suture  tied.  Drainage  for  infection  must  be  maintained 
until  the  healing  process  is  almost  completed.  After  applying  the 
dressing,  the  stump  is  firmly  bandaged  in  such  a  way  as  not  to  drag 
on  the  flaps;  then  bound  to  a  splint  which  projects  beyond  the  end 
of  the  stump,  thus  protecting  it  from  injury;  elevated  on  a  pillow  in 
order  to  minimize  oozing;  and  covered  with  a  cradle,  which  supports 
the  bed  clothing.  The  sutures  are  removed  at  the  end  of  ten  days, 
after  which  tension  on  the  line  of  union  is  relieved  bv  means  of 
strips  of  sterilized  adhesive  plaster. 

The  fundamental  types  of  amputation,  designated  according  to 
the  shape  of  the  incision  in  the  soft  parts,  are  the  circular,  the  oval, 
the  racquet,  and  the  flap  methods. 

In  the  circular  amputation  the  skin  and  the  subcutaneous  tissues 
are  divided  around  the  whole  circumference  of  the  limb,  at  a  distance 
below  the  level  of  the  intended  saw-line,  equal  to  three-fourths  of  the 
diameter  of  the  limb  at  the  saw-line.     The  skin  and  superficial 
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fascia  are  dissected  back  like  a  cuff,  the  superficial  muscles  divided 
at  the  level  of  the  retracted  skin,  and  the  deep  muscles  divided  at  the 
edge  of  the  retracted  superficial  muscles,  so  that  the  cut  surfaces 
resemble  a  funnel  (Fig.  560).  The  deep  muscles,  the  superficial 
muscles,  and  the  skin  are,  in  turn,  sutured,  either  transversely  or 
anteroposteriorly,  the  scar  being  situated  on  the  end  of  the  stump. 
The  method  may  be  employed  when  the  bone  is  evenly  surrounded 
by  muscles,  e.g.,  in  the  arm  and  the  thigh.     It  is,  simple,  quick, 


sacrifices  less  of  the  soft  parts  than  other  methods,  supplies  a  thick 
covering  for  the  bone,  and  does  not  endanger  the  blood  supply  to 
this  covering,  but  it  has  a  limited  range  of  applicability,  produces 
a  funneled  wound  that  may  render  exposure  of  the  bone  at  the  saw- 
line  difiScult,  and,  owing  to  the  retraction  of  the  muscles,  is  some- 
times followed  by  a  conical  stump. 


Pig.  562. — Racquet  amputations.  A, 
transverse  racquet  incision;  B,  oblique 
racquet  incision;  D,  saw-line. 


Pig.    563. — Plap  amputations.     A,  single 
long  flap;  B,  double  equal  flaps. 


In  the  oval  method  an  elliptical  incision  is  made  around  theliinb, 
through  the  skin  and  the  subcutaneous  tissues,  the  upper  end  of  the 
ellipse  being  just  above  the  saw-line,  and  the.lower  end  at  a  distance 
below  the  saw-line  equal  to  one  and  one-half  diameters  of  the  limb  at 
the  saw-line.  The  distal  portion  of  the  ellipse  is  dissected  up,  and  the 
muscles  divided  circularly  a  little  below  the  proximal  end  of  the  skin 
incision,  or  the  muscles  underlying  the  distal  half  of  the  ellipse  may 
be  divided  in  the  plane  of  the  oval  and  those  on  the  opposite  side  of 
the  limb  divided  circularly  just  below  the  level  of  the  saw-line. 


EXTREMITIES  IOO5 

The  operation  is  completed  by  suturing  the  free  convex  border  of  the 
cutaneous  incision  to  the  upper  concave  margin  (Fig.  561),  conse- 
quently the  scar  is  on  the  side  of  the  stump.  This  method  is  em- 
ployed chiefly  for  disarticulation  of  the  elbow  or  the  wrist.  It  has 
the  advantages  and  disadvantages  of  amputation  by  a  long  single 
flap. 

The  racquet  method  (Fig.  562)  consists  of  a  straight  incision  in  the 
axis  of  the  limb,  joining  a  circular  or  oval  incision  around  the  limb, 
the  angles  formed  by  the  junction  of  the  incisions  being  rounded. 
The  muscles  beneath  the  straight  incision  are  divided  or  separated 
down  to  the  bone,  and  those  beneath  the  circular  or  the  oval  incision 
divided  at  the  level  of  the  retracted  skin.  The  wound  is  closed  in  its 
long  axis,  so  that  the  scar  runs  across  the  end  of  the  stump  and  up  one 
side.  The  racquet  method  is  often  employed  for  disarticulations. 
If  desirable  the  parts  may  be  explored  through  the  longitudinal 
incision  before  deciding  on  amputation,  and  through  the  same  inci- 
sion the  main  vessels  can  be  secured  before  removing  the  limb. 


Pig.  564. — Modified  flap  and  circtilar  amputation  of  the  forearm. 


Lateral  or  anteroposterior  flaps  may  consist  merely  of  skin  and 
subcutaneous  tissue,  or  of  all  the  tissues,  the  muscles  being  cut 
obliquely  from  the  line  of  the  retracted  cutaneous  incision,  to  a  point 
on  the  bone  at  a  distance  below  the  saw-line  equal  to  a  little  more 
than  the  diameter  of  the  bone  at  the  saw-line.  The  flaps  may 
be  single  or  double  (Fig.  563),  and  of  various  sizes  and  shapes, 
according  to  the  exigencies  of  the  case,  but  their  baies  should 
be  half  the  circumference  of  the  limb  in  width,  and  the  length  of 
single  flaps,  or  the  combined  length  of  double  flaps,  should  be  one  and 
one-half  diameters  of  the  limb  at  the  saw-line.  The  scar  is  situated 
to  the  side  of  the  stump  after  an  amputation  by  a  single  flap,  on  the 
end  and  the  sides  after  an  amputation  by  equal  flaps,  and,  according 
to  the  degree  of  inequality,  on  the  side,  or  partly  on  the  side  and 
partly  on  the  end,  after  an  amputation  by  unequal  flaps.  The  flap 
method  may  be  employed  in  any  region,  permits  easy  exposure  of 
the  bone  at  the  saw-line,  and  gives  a  more  shapely  stump  than  the 
circular  amputation,  but  it  sacrifices  more  of  the  limb,  produces  a 
larger  wound,  with  the  muscles  and  the  vessels  cut  obliquely,  and 
may  not  adequately  provide  for  the  nourishment  of  the  flaps  if  they 
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are  long.  Hence  many  surgeons,  in  order  to  combine  the  merits 
of  the  flap  and  the  circular  amputations  employ,  when  pK)ssible,  the 
modified  flap  and  circular  method,  which  consists  of  two  rectangular 
flaps,  with  rounded  comers,  made  on  opposite  sides  of  the  limb. 
The  skin  and  the  subcutaneous  tissues  are  reflected,  and  the  muscles 
divided  as  in  the  circular  amputation  (Fig.  564).  Osteoplastic  flaps 
are  described  with  amputations  of  the  leg. 

The  guillotine,  or  flapless  amputation,  was  revived  during  the 
war  to  save  life  by  saving  time  and  combating  infection,  especially 
gas  gangrene.  The  skin  was  divided  circularly,  the  muscles  were 
severed  at  the  level  of  the  retracted  skin,  and  the  bone  was  sawn  at 
the.lev^l  of  the  retracted  muscles,  thus  making  the  end  of  the  stump 
aplanfe  surface.  To  prevent  further  retraction  of  the  soft  parts 
extension  by  means  of  adhesive  plaster  was  applied  to  the  skin  of  the 
stump,  in  much  the  same  way  as  traction  in  made  in  fractures  of  the 
thigh,  the  strips  of  plaster,  however,  being  carried  down  to  a  metal 
ring,  larger  than  the  stump,  and  the  cord  and  weight  being  attached 
to  the  ring.  "The  apparatus  is  very  like  the  horn  of  a  gramophone, 
and  in  the  middle  the  stump  is  easily  accessible  for  dressing"  (Kelly). 
After  the  infection  had  been  conquered  the  raw  surface  could  be 
covered  by  a  plastic  operation  or  a  secondary  amputation  performed. 
The  method  was  condemned  by  Gibbon  and  others  actively  en- 
gaged at  the  front,  and  is,  we  hope,  now  of  historic  interest  only. 

A  stump  when  healed  should  be  firm,  symmetric,  well  covered, 
freely  movable,  and  painless.  The  scar  should  not  be  adherent  to 
the  bon^j.or  on  that  portion  of  the  stump  which  is  subjected  to 
pressure,  e.g.,  oh. the  palmar  surface  of  the  hand  or  plantar  surface 
of  the  foot.  The  most  favorable  situation  for  a  scar  after  higher 
amputations  is  mentioned  in  the  paragraph  on  artificial  limbs. 
All  of  the  tissues  of  a  stump  necessarily  atrophy.  The  end  of  the 
bone  becomes  smooth,  and  the  medullary  cavity  is  often  closed  by 
osseous  tissue. 

Necrosis  of  the  end  of  the  bone  may  be  caused  by  stripping  up  of 
the  periosteum,  especially  when  followed  by  infection.  Diffuse 
septic  osteomyelitis  and  secondary  hemorrhage  are  unusual  complica- 
tions in  civil  practice.  Sloughing  of  the  flaps  results  from  amputating 
too  close  to  the  lesion,  too  thin  flaps,  arterial  disease  (atheroma), 
infection,  or  from  some  debilitating  constitutional  malady,  espe- 
cially diabetes.  If  extensive,  reamputation  may  be  needed.  Conical 
stump  is  caused  by  too  short  flaps,  cicatricial  contraction  following 
septic  processes,  and,  in  the  young,  from  continued  growth  of  the 
bone  (Fig.  565).     In  the  worst  cases  the  end  of  the  bone  is  exposed. 
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eatment  is  rcaniputation.  Painful  stump,  apart  from  ulcera- 
VTde  infra),  is  caused  by  disease  of  the  bone  or  the  nerves, 
titis,  ostitis,  and  exostoses,  fonnerly  thought  to  be  of  secondary 
:ance,  have,  since  the  advent  of  the  X-ray,  been  proved  to  be 
sible  for  most  sensitive  stumps.  If  reUef  is  not  obtained  by 
linary  treatment  for  inflammatory  diseaseof  bone,  reamputation, 
ing  to  Bunge,  by  the  aperiosteal  method,  should  be  performed. 
Igia  oj  a  stump  is  due  to  incarceration  of  a  nerve  in  the  cicatrix, 
esions  about  a  nerve  at  a  higher  level,  or  to  the  formation  of  a 
na.  A  cicatrix  or  a  neuroma  may  be  excised,  adhesions  sep- 
,  the  nerve  cut  at  a  higher  level,  or  re- 
ation  performed.  Recurrence  may  be 
ited  as  already  indicated  in  the  para- 
on  "Division  of  the  Tissues."  Spas- 
stump  may  comphcate  neuralgia,  and 
curable  by  the  same  treatment.  When 
ral  origin,  relief  is  usually  not  obtained. 
tion  of  the  scar  is  prone  to  develop  if 
in  and  adherent  or  exposed  to  pressure, 
gh  it  may  depend  upon  some  constitu- 
disease,  notably  sj-philis.  The  worst 
require  reamputation.  Occasionally 
ioma  develops. 

tificial  limbs  are  adjusted  after  the 
has  shrunken  and  become  solid  and 
nt.  In  order  to  hasten  this  process  the 
should,  as  soon  as  the  wound  is  healed, 
adaged  finnl>,  or  a  leather  "stump 
"  worn,  after  several  weeks  of  which       Fic.  565— Conical  stump 


mb.  While  wailing  for  the  new  limb 
;e  and  active  motions  should  be  practised,  in  order  to  maintain 
itrition  of  the  part,  and  prevent  fixation  of  the  neighboring 
.t  an  inconvenient  angle.  Slight  shrinkage  of  the  .stump  after 
lb  is  applied  can  be  compensated  by  wearing  a  thicker  stock- 
arked  shrinkage  will  necessitate  a  new  socket.  As  the  end 
tump  in  the  upper  extremity,  exclusive  of  the  hand,  is  not 
ted  to  pressure,  even  by  an  artificial  arm,  which  Is  hollow 
ikes  its  support  from  the  sides  of  the  limb,  the  best  place 
;  cicatrix  is  on  the  face  of  the  stump.  In  the  lower  ex- 
y,  if  the  patient  is  to  wear  a  modern  artificial  leg,  which  is 
iicted  in  the  same  manner  as  an  artificial  arm  the  most  favor- 
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able  site  for  the  scar  is  on  the  end  of  the  stump.  If  the  patient  is  to 
wear  a  "poor  man's  leg,"  i.e.  a  solid  one  which  receives  the  weight 
of  the  body  through  the  end  of  the  stump,  the  scar  should,  if  possible, 
be  placed  on  the  side  of  the  stump,  and  the  stump  should,  as  soon  as 
healed,  be  prepared  for  weight  bearing  by  pressing  it,  several  times 
daily,  for  gradually  increasing  periods,  against  a  bran  bag,  and,  later, 
against  a  board,  after  which  practice  with  the  peg-leg  should  be 
started. 

SPECIAL  AMPUTATIONS 

In  many  cases,  particularly  after  injuries,  no  set  amputation 
is  applicable;  one  must  remove  the  devital-zed  or  diseased  tissues 


Fig.  s60. — Dorsal  surface  of  band.  Disarticulation  at  second  interphatanxeal  joiat 
(A)  by  equal  lateral  flaps.  (B)  by  racquet  indsjon,  (C)  by  short  posterior  and  long  aate- 
ior  flap.  DisartiQulatian  at  first  interpbalangeal  joint  (D)  by  circular  inciaioii.  (E)  by 
equal  anterior  and  posterior  flaps.  (F)  by  oval  incision,  (G)  by  single  lateral  fiap.  Re- 
moval (H)  of  distal  phalanx  of  thumb  by  single  palmar  Sap,  (I)  of  index  and  middlF 
Angers  at  carpometacaipal  )oiats  by  racquet  incision,  (J)  or  ring  finger  at  metacarpo- 
phalangeal joint  by  racquet  incision,  (K)  of  little  finger  by  racquet  incisioa  with  benliiig 
of  metacarpal  bone  for  symmetry  as  indicated  by  dotted  line  across  bone,  (L)  of  ihumb 
and  metacariial  bone  by  racquet  incision,  (M)  of  the  lour  fingers  and  chrir  metacslpaJ 
bones  by  unequal  flaps.     (N)  Disarticulation  at  wrist  by  oval  incision. 

and  fashion  impromptu  flaps  from  that  which  remains,  hmce  the 
following  methods  must  be  regarded  as  suggestive  only. 

In  amputation  of  the  fingers  and  hand  the  principal  objects  to 
be  kept  in  mind  are  usefulness  and  the  avoidance  of  a  palmar  scar; 
symmetry   is  of  secondary  importance.     Disarticulation  of   tbt 
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distal  phalanx  should  be  performed,  when  pK)ssible,  by  opening  the 
joint  transversely  on  the  dorsal  aspect,  dividing  the  lateral  liga- 
ments, and  cutting  a  long  palmar  flap  from  the  pulp  of  the  finger. 
The  incision  outlining  this  flap  passes  from  the  joint-line  down- 
wards along  the  middle  of  the  side  of  the  finger,  thus  avoiding  the 
palmar  digital  artery,  which  runs  nearer  the  palmar  surface.  The 
indsion  then  curv^es  across  the  palmar  surface  at  a  distance  below 
the  jomt-line  equivalent  to  one  and  one-half  diameters  of  the  finger 
at  the  articulation,  and  i)asses  upwards  along  the  middle  of  the 
opposite  side  of  the  finger  to  the  joint-line.  There  is  no  theca  over 
the  distal  phalanx.  In  amputating  through  the  lower  half  of  the 
middle  phalanx  the  deep  flexor  will  be  severed,  and  should  be  sutured 
to  the  orifice  of  the  theca,  which  is  closed  at  the  same  time.  In 
amputating  through  the  middle  phalanx  above  this  level  or  through 
the  proximal  phalanx  both  flexors  are  severed,  and  should  be  treated 
in  the  same  way.  Each  bone  of  the  thumb,  however,  is  supplied 
with  different  tendons.  The  various  methods  of  amputation  are 
shown  in  Fig.  566.  If  in  doubt  as  to  the  necessity  of  amp!utation  of 
the  fingers,  do  not  amputate;  the  reverse  is  true  of  the  toes.  When 
amputating  through  a  phalanx  the  section  should  be  made,  not 
with  cutting  forceps,  which  are  apt  t6  splinter  the  bone,  but  with 
a  Gigli  saw.  In  a  traumatic  amputation  through  a  phalanx,  one 
may,  in  suitable  cases,  cover  the  raw  surface  with  a  Wolf  graft, 
or  a  pedunculated  flap  from  the  abdomen  or  other  part,  instead  of 
sacrificing  more  bone  in  order  to  secure  flaps.  A  lost  finger  has 
been  replaced  by  a  toe,  transplanted  by  the  Italian  method. 

Amputation  at  the  metacarpo-phalangeal  joint  is  best  done 
by  a  racquet  shaped  incision,  which  starts  over  the  knuckle  and  is 
carried  obliquely  around  the  phalanx  at  the  level  of  the  web  of  the 
finger.  The  articulation  is  opened  from  the  dorsal  side.  Lateral 
flaps  taken  from  the  outer  side  may  be  used  in  amputations  of  the 
thumb,  index,  and  little  fingers.  While  removal  of  the  head  of  the 
metacarpal  bone  increases  symmetry  by  allowing  the  adjoining 
fingers  to  fall  together,  it  impairs  the  strength  of  the  hand,  hence  is 
contraindicated  in  a  laboring  man.  The  metacarpal  bone  can  be 
removed  by  extending  the  incision  corresponding  to  the  handle 
of  the  racquet  upwards. 

Amputation  at  the  wrist  joint  should  as  a  rule,  be  avoided;  it 
gives  too  long  a  stump  for  the  proper  application  of  an  artificial 
hand.  When  necessary  the  amputation  may  be  performed  by  an 
elliptical  incision  (Fig.  566),  which  is  one-half  inch  below  the  arti- 
culation on  the  dorsal  side,  and  two  inches  lower  on  the  palmar  side; 
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it  passes  between  the  pisiform  and  the  base  of  the  fifth  metacarpal 
on  the  ulnar,  and  crosses  the  carpometacarpal  joint  on  the  radial 
side.  The  joint  is  opened  from  the  dorsal  surface.  An  external 
lateral  fiap  (Dubreuil  's  method)  may  be  made  by  an  incision  which 
starts  on  the  dorsal  surface  at  the  junction  of  the  middle  and  outer 
third  of  the  wrist,  curves  downward  to  the  head  of  the  metacarpal 
bone  of  the  thumb,  and  then  passes  upward  on  the  palmar  surface 
to  a  point  immediately  opposite  its  commencement.     Some  of  the 
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Fig.  567. — Section  through  Ihc  forearm  above  the  middle.  (After  Braunc.  and 
Esmarch  and  Kowalzig.)  r.  Radius.  M.  Ulna.  i.m.  Interosseous  membrane.  Mu(- 
clesr  s.t.  Supinator  longiis,  p.r.l.  Pronator  radii  teres,  r.c.r.l.  Eitensor  carpi  radialii 
longior.  e.cr.b.  Extensor  carpi  radialis  brevfor.  r.c.i.  Extensor  comtnuois  digitonim. 
e.o.m.p.  Extensor  ossis  metacarpt  pollicis.  c.nt.d.  Extensor  minimi  digiti,  r.c.H.  Ex- 
tensor carpi  ulnaris.  f.t,p.  Plexor  longus  pollicis.  /.p. d.  Flexor  profundusiliaitonun. 
f.s.d.  Flexor  sublimis  digitonim.  f.c.u.  Flexor  carpi  ulnaris,  p.l.  Palmaris  lonjtns. 
f.c.r.  Plexor  carpi  radialis.  Vessels:  r.a.  Radial  artery  and  vena  comites.  n.a.  Uln«r 
artery,  m.a.  Median  artery,  a.i.a.  Anterior  interosseous  artery,  p.i.a.  Posterior 
interosseous     artery,     s.r.v.    Superficial    radial    vein.     bi.b.    Median    vein.     Tiervn: 

Posterior  interosseous  nerve,     r.n.  Radial  nerve.      (Walsham.) 

muscular  tissue  of  the  thenar  eminence  should  be  included  in  the 
flap.  The  ends  of  the  flap  are  connected  by  a  circular  incision  on 
the  ulnar  side  and  the  wrist  disarticulated.  A  long  palmar  fiap 
reaching  to  the  middle  of  the  metacarpal  bones  may  be  similarly 
employed. 

Amputation  through  the  forearm  (Figs.  564,  567)  is  best  per- 
formed at  the  junction  of  the  lower  and  middle  thirds;  this  gives 
a  strong  stump,  which  can  be  pronated  and  supinated'and  is  not 
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too  long  for  the  adjustment  of  an  artificial  hand.  A  stump  shorter 
than  four  inches,  measuring  from  the  tip  of  the  olecranon,  is  not 
well  suited  for  the  application  of  an  artificial  forearm.  If  not  more 
than  two  inches  of  the  ulna  can  be  left,  it  is  better,  according  to 
Hull,  to  amputate  above  the  condyles  of  the  humerus.  The  fore- 
arm may  be  removed  by  any  of  the  flap  methods.  The  muscles 
should  be  divided  circularly,  the  interosseous  membrane  severed, 
a  three-tailed  muslin  retractor  applied,  and  both  bones  sawed 
through  at  the  same  time,  after  making  a  guiding  groove  in  the 
radius. 


Fig.  568, — Section  through  the  elbow  joint.  (After  Braune,  and  Esmarch  and 
Koualzig.)  Bones,  ligaments,  and  synovial  membrane:  h.  Humerus,  cf.  Enternal  and 
internal  condyle.  0.  Olecranon,  rj.,  rj.  Elbow  joint,  o.fc.  Olecranon  bursa,  f,l.I,, 
i.U.  External  and  internal  lateral  ligament.  Muscles:  j.;.  Supinator  longus.  r.c.r.  Ex- 
tensor carpi  radialia.  n.B.  Anconeus.  (.  Triceps,  f.c.r.  Flexor  carpi  radialis.  p.r.l. 
Pronator  radii  teres.  b,a.  Brachialis  amicus,  b.  Biceps.  Vessels;  6.  o.  Brachial  artery 
with  vente  eomites.  i.p.o.  Inferior  profunda  arler>-.  m.t.i;  Median  cephalic  vein. 
n.b.E.  Median  basilic  vein,  a.u.v.  Anterior  ulnar  vein,  p.u.r.  Posterior  ulnar  vein. 
Xerves;  m.ii.  Median  ner%'e.  b.ii.  Ulnar  nerve,  r.ri.  Radial  nerve.  p.i.H,  Posterior 
interosseous  nerve.  m.b,m,s.».  Muscular  branch  of  the  musculo-spiral  nerve.  i.c.H. 
Internal  cutaneous  nerve.     <Walsham.) 

Cinemaiic  amputation  {Vanglieiii's  operation)  has  been  employed 
in  the  forearm.  The  tendons  are  cut  longer  than  the  bones,  and 
loops  formed  by  suturing  the  ends  together  or  by  turning  the  tendons 
back  upon  themselves,  or  knobs  made  by  tying  the  ends  in  knots 
or  by  chiseling  off  the  bony  insertion.  The  loops  or  knobs  are 
enveloped  in  skin  flaps,  so  that  after  healing  takes  place  they  may 
be  attached  to  hooks  or  strings  and  thus  convey  movement  to  an 
artificial  limb. 
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Disarticulation  at  the  elbow  joint  (Fig.  568)  is  xinsatisfacton-, 
amputation  above  or  below  the  joint  being  preferable.  When 
undertaken,  tlie  elliptical  or  long  anterior  flap  method  should  be  used. 

Amputation  through  the  arm  (Figs.  569, 570)  may  be  accomplish- 
ed by  any  of  the  methods  as  indicated  by  the  conditions.  The 
stump  should,  if  possible,  be  not  less  than  four  inches  in   length. 

'Amputation  at  the  shoulder  joint  may  be  performed  while  the 
subclavian  vessels  are  controlled  by  direct  pressure,  or  the  axillan^ 
vessels- may  be  l^ated  as  a  preliminarry  step.     Elastic  constriction 


OJ^Sfi.. 


Pic.  569. — Section  through  the  arm  below  the  middle.  (After  Braune.  and  Esmarch 
and  Kowalzig.)  Muscles:  6,  Biceps,  do.  Brachialis  anticus.  te.  External  head  of  triceps 
tl.  Long  head  o£  triceps,  ti.  Inner  head  of  triceps.  Vessels:  6.0.  Brachial  artery  with 
vena  comites.  i.p.a.  Inferior  profunda  artery,  s.p.a.  Superior  profunda  arter>- 
a.b,s-p,a.  Articular  branch  of  the  superior  profunda  artery,  b.v.  Basilic  vein.  t.r. 
Cephalic  vein.  Nerves;  m.n.  Median  nerve.  i.CM.  Internal  cutaneous  nerve,  ■.n.  L'l- 
nar   nerve,      ti.c.n.    Musculo-cutaneous   nerve.     «.!.».    Musculo-spiral    nerve.      (Wal- 

by  Wyeth's  method  (see  "Amputation  of  Hip")  has  the  objection 
that  hemorrhage  may  occur  when  the  bone  is  removed.  The 
posterior  pin  enters  at  the  middle  of  the  lower  margin  of  the  posterior 
axillary  fold,  and  emerges  just  behind  and  one  inch  within  tbe 
acromion  process.  The  anterior  pin  is  introduced  at  the  middk 
of  the  lower  margin  of  the  anterior  axillary  fold  and  emerges  one 
inch  to  the  inner  side  of  the  acromion.  The  constricting  band  is 
applied  above  the  pins.  The  classical  operations  are  those  of 
Spence,  Larry,  and  Dupuytren. 
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[Spence's  operation  (anterior  racquet.  Fig.  571)  is  begun  by 
making  an  incision  down  to  the  bone,  from  midway  between  the 
coracoid  and  acromion  process,  downwards  and  outwards  for  three 
or  four  inches,  if  desirable  the  joint  may  be  opened  at  once  for 
examination.  Tlie  knife  is  then  carried  downwards  and  inwards 
across  the  axillary  fold  and  around  the  arm  to  the  end  of  the  primary 
incision.     The  skin  is  reflected  for  an  inch  or  more  and  the  muscles 


Pic.  S70. — Section  above  the  middle  of  the  arm,  {After  Braune,  and  Esmarcb  and 
Kowaliig.)  Muscles:  p.m.  Pectoralis  major.  b.a.  Brachialis  anticus.  d.  Deltoid.  I.t. 
Estemal  head  of  triceps,  t.l.  Long  head  of  triceps,  l.d.  Latissimus  doiai.  I.m.  Teres 
major,  c.b.  Coraco- brachialis.  b.b.  Short  head  of  biceps.  6.1.  I^ons  head  of  biceps. 
Vessels:  b.a.  Brachial  artery  with  ven»  comites.  i.p.a.  Superior  profunda  artery.  fr.». 
Basilic  vein.  £.>.  Cephalic  vein.  Nerves:  m.n.  Median  nerve,  h.r.  Ulnar  nerve. 
■U.K.  MuscuIo-iiMral  nerve,  i.e.n.  Internal  cutaneous  nerve,  m.c.x.  Muscolo-cuta- 
neous  nerves  (Walsham.) 

on  the  inner  aspect  divided  obliquely,  thus  exposing  the  axillary 
vessels,  which  are  ligated  and  divided.  The  soft  parts  on  the 
outer  side  are  separated  from  the  bone,  the  inner  half  of  the  capsule 
and  the  subcapularis  divided,  the  head  of  the  humerus  drawn 
outwards,  the  division  of  the  capsule  completed,  and  the  remaining 
tissues  cut  by  carrying  the  knife  downwards  close  to  the  inner  side 
of  the  bone,  to  avoid  injury  to  the  posterior  trunk  of  the  circumflex 
Krtery, 
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Larry's  operation  is  an  external  racquet  amputation  (Fig.  571). 
A  six  inch  vertical  incision  is  made  from  the  tip  of  the  acromion 
down  the  outer  side  of  the  arm.  The  oval  incision  begins  at  the 
center  of  the  vertical  and  is  carried  obliquely  around  the  arm.  The 
flaps  are  reflected  from  the  outer  aspect  of  the  joint  and  the  ex- 
tremity removed  as  in  the  Spence  operation. 

Dupuylren's  amputation  consists  of  a  U-shaped  flap  extending 
from  the  coracoid  to  the  root  of  the  acromion,  the  lowest  point 
reaching  to  the  insertion  of  the  deltoid  (Fig.  572).  The  inner 
flap  is  made  by  an  incision  joining  the  ends  of  the  former  and  ex- 
tending two  inches  below  the  axilla.  Disarticulation  is  accomplished 
as  in;  other  methods. 


Interscapulo-thoracis  amputation  is  the  removal  of  the  entire 
upper  extremity,  arm,  scapula,  and  the  whole  or  a  portion  of  the 
clavicle.  An  incision  is  made  along  the  clavicle  and  the  subclavian 
vessels  ligated,  after  resecting  the  middle  third  of  the  clavicle 
(Berger),  or  the  disarticulating  its  sternal  end  (Le  Conte),  care  being 
taken  not  to  open  the  pleura.  The  anterior  flap  is  outlined  by 
carrying  the  knife  from  the  center  of  the  clavicular  incision  down- 
wards and  outwards  across  the  anterior  axillary  fold  and  backwards 
to  the  lower  angle  of  the  scapula  (Fig,  571).  The  muscles  are  sev- 
ered, thus  exposing  the  brachial  nerves,  which  are  cut  on  the  level 
with  the  subclavian  vessels.  The  limb  is  then  carried  across  the  chest, 
and  a  posterior  flap  made  by  joining  the  ends  of  the  two  previous 
incisions.  The  scapular  muscles  are  detached  and  the  whole  extrem- 
ity removed. 

Amputation  of  the  toes,  excepting  the  great  toe,  are  never  made 
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except  at  the  metatarso-phalangeal  articulation,  the  operation  then 
being  identical  with  that  described  for  the  fingers,  remembering, 
however,  that  the  point  is  the  same  distance  behind,  as  the  tip  of  the 
toe  is  in  front  of  the  web. 

DisartictUation  at  the  tarso-metatarsal  joint  {tw/rawcam^wto- 
iion)  is  performed  by  making  a  curved  incision  from  the  base  of  the 
first  metatarsal  across  the  dorsum  of  the  foot  to  the  base  of  the 


Pic.  573- 


i.  (4)  Pirogoff's, 


fifth  (Fig.  573).  The  plantar  fiap  curves  convexly  to  the  root  of 
the  toes,  and  includes  all  the  tissues  of  the  foot  to  the  bones.  To 
disarticulate  (Fig.  574),  the  knife  is  passed  behind  the  projecting 
end  of  the  fifth  metatarsal  and  directed  towards  the  base  of  the  great 
toe;  the  fourth  metatarsal  is  separated  by  cutting  toward  the  middle 
of  the  first  metatarsal,  and  the  third  by  cutting  towards  its  base; 


Pic.  S74-— Diagram  of  ampui 


the  knife  then  glides  over  the  second  metatarsal,  and  enters  the  joint 
of  the  first  metatarsal.  The  second  metatarsal  is  separated  by 
incising  its  dorsal  ligament  transversely  and  then  cutting  upwards 
between  the  first  and  second  ligament  transversely  and  then  cutting 
upwards  between  the  first  and  second  metatarsals.  By  strongly 
depressing  the  foot  any  remaining  attachments  may  be  severed  and 
the  disarticulation  completed.     In  the  Hey  operation  the  difficulty 
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of  disarticulating  the  second  metatarsal  is  overcome  by  sawing 
through  the  projecting  internal  cuneifonn.  In  Skey's  method  the 
second  metatarsal  is  sawn  through  at  its  base.  Baunden  's  advised 
disarticulating  the  first  metatarsal  and  sawing  through  the  remaining 
ones  at  the  same  level. 

Disarticulation  at  the  Mld-tarsal  Joint  {Chopart's  Amputatum, 
Figs.  573,  574)- — The  long  plantar  incision  begins  on  the  inner 
side  at  the  tubercle  of  the  scaphoid,  curves  forward  to  witliin  one 
inch  of  the  ends  of  the  metatarsal  bones,  and  terminates  on  the  outer 


FiO.  575. — Syme's  amputaliun,  showing  the  stnictures'  divided.  /.  Fibula,  t 
Tibia.  (.o.Tibialisanticus  tendon.  e.I.A.  Extensor  longushallucis.  a.I.a.  Anterior  tibial 
Bitery.  a.l.v.  Anterior  tibial  vein,  t.c.d.  Extensor  communis  digitorum.  faJ.  Psnt- 
neus  langus.  pn.  b.  Peioneus  brevis.  /.I.h.  Plexor  longus  hallucis.  I.  Acb.  Tcodo 
Acbillis,  beneath  which  is  a  bolster  of  fat.  I.p.  Tibialis  posticus,  f.t.d.  Plexor  loosiu 
digitomm.  pJ.a.  Posterior  tibial  artery  dividing  into  e.p.a.  and  i.p.a.  eitemal  and  ia- 
teraal  plantar  artery.  e.c,a.  and  i.c.a.  External  and  internal  calcaneal  brtnchei  fonuinc 
the  blood  supply  of  the  thick  heel-tlap.     (Walsham.) 

side  at  a  point  midway  between  the  malleolus  and  base  of  the  fifth 
metatarsal.  The  dorsal  incision  curves  slightly  forward  and  unites 
the  ends  of  the  plantar.  The  astragalo-scaphoid  and  the  calcaneo- 
cuboid articulations  are  opened  from  the  dorsal  side.  The  muscles 
and  tendons  of  the  flaps  should  be  sutured  together  taking  particular 
care  to  secure  the  extensor  tendons  and  the  tibialis  anticus,  in  order 
to  oppose  the  tendency  towards  retraction  of  the  heel  by  the  calf 
muscles.  Despite  this  precaution,  however,  the  os  calcis  is  often 
drawn  upwards  subsequently  because  of  the  removal  of  the  anterior 
part  of  the  arch  of  the  foot,  which  leaves  the  posterior  without  any 
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support.  As  a  result  the  limb  is  lengthened,  and  the  patient  walks 
on  the  astragalus,  thereby  causing  considerable  pain  and  perhaps 
ulceration.  Forbes  separated  the  cuneiform  bones  from  the  scap- 
hoid and  sawed  through  the  cuboid. 

Subastragaloid  ainputation  of  the  foot  makes  a  useful  stump 
covered  by  the  skin  of  the  heel.  A  racquet-shaped  incision  (Fig.573) 
is  made,  commencing  at  the  insertion  of  the  tendon  of  Achillis,  and 
extending  along  the  outer  side  of  the  foot  to  a  point  just  above  the 
base  of  the  fifth  metatarsal,  where  it  encircles  the  foot.  The  dorsal 
flap  is  reflected,  the  tendon  of  Achillis  divided,  the  astragalo- 
scaphoid  joint  opened,  the  foot  twisted  inwards,  and  the  astragalus 
separated  from  the  os  calcis,  which  is  then  cleared  and  the  foot 
removed. 

Amputation  at  the  ankle  joint  by  Syme's  or  Pirogoff's  method 
gives  a  clujnsy  stump,  but  one  which  is  covered  by  the  resistant  tissues 
of  the  heel  and  capable  of  weight-bearing.  Syme^s  amputation 
(Figs.  573,  574,  S7s)  is  a  disarticulation  at  the  ankle  joint,  with 
removal  of  the  malleoli,  and  a  layer  of  the  articular  surface  of  the  tibia, 
one-fourth  of  an  inch  in  thickness.  An  incision  is  made  down  to  the 
bone  at  the  tip  of  the  external  malleolus,  and  is  carried  under  the 
heel  to  a  point  one-half  inch  below  and  behind  the  inner  malleolus. 
This  flap  is  dissected  from  the  os  calcis,  keeping  close  to  the  bone  to 
avoid  the  calcaneal  vessels.  The  dorsal  incision  unites  the  ends 
of  the  first  and  is  slightly  convex  downward.  The  ankle  joint  is 
then  opened  from  the  dorsal  aq^ect,  the  posterior  ligaments  and  the 
tendon  of  Achillis  divided,  and  the  lower  ends  of  the  tibia  and  fibula 
removed  with  the  saw. 

Pirogoff's  amputation  differs  from  Syme's  in  that  the  posterior 
|X)rtion  of  the  os  calcis  is  sawn  off  and  approximated  to  the  sawn 
ends  of  the  tibia  and  fibula,  the  plantar  incision,  forming  a  right 
angle  with  the  dorsal,  being  carried  obliquely  forward  instead  of 
vertically  downwards  (Fig.  573).  The  lower  ends  of  the  tibia  and 
fibula  are  sawn  obliquely  and  almost  parallel  with  the  sawn  surface 
of  the  OS  calcis  (Fig.  574).  The  bones  are  then  approximated  and 
held  in  place  by  wire,  or  by  catgut  sutures  passing  through  the  per- 
iosteum. LeFort  modifies  this  operation  by  sawing  the  tibia  and 
os  calcis  horizontally.  Ferguson  allowed  the  malleoli  to  remain  and 
brought  the  fragment  of  the  os  calcis  up  between  the  two. 

Amputation  through  the  leg  should  never  be  performed  within 
three  inches  of  the  upper  end  of  the  tibia,  as  the  stump  is  too  short 
to  provide  the  leverage  necessary  for  manipulating  an  artificial 
limb,  and  is  apt  to  become  permanently  flexed  as  the  result  of  con- 
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traction  of  the  ham-string  muscles.  Amputation  just  above  the 
ankle,  although  occasionally  performed,  likewise  is  objectionable, 
in  that  the  stump,  which  consists  merely  of  skin,  bone,  and  tendon, 
is  often  badly  nourished,  hence  predisposed  to  ulceration.  The 
point  of  election  for  amputation  through  the  leg,  so  far  as  subsequent 


Pic.  5  J6. — Section  throush  the  lower  third  of  the  leg.  (After  Braune.  Esmarch  and 
Kowalzig.)  /,  Fibula.  (.  Tibia,  i.m.  Interosseous  membrane.  Muscles  and  tendooi: 
t.a.  Tibialis  anticus.  t.i.h.  Extensor  tongus  hallucis.  cA.d,  Extensor  lonsus  digitorum. 
pn.l.  Peroneus  longus.  fn.b.  Peroneus  brevis.  l.p.  Tibialis  posticus.  J.l.h.  Plexor 
longus  batlucis.  j.j.  Gastrocnemius  and  soleus  forming  the  tendo  Achillis,  t^-l. 
Plantaris  tendon,  f.l.d.  Plexor  longus  digitorum.  Vessels:  a.l.a.  Anterior  tibial  artery. 
pn.a.  Peroneal  artery.  p.l.a.  Posterior  tibial  artery.  Ls.v,  Internal  saphenous  veio. 
e.s.v.  External  saphenous  vein.  Nerves:  a.t.n.  Anterior  tibial  nerve.  m.(.n.  Musculo- 
cutaneous nerves,  ^.(.H.  Posterior  tibial  nerve,  i.x.m.  Short  saphenous  nerve,  (.i.ii. 
Long  saphenous  nerve.      (Walsham.) 

prosthesis  is  concerned,  is  at  the  junction  of  the  middle  and  lower 
thirds.  The  fibula  should  always  be  divided  at  a  higher  level  than 
the  tibia,  the  sharp  anterior  edge  of  which  should  be  beveled.  As 
in  the  forearm,  a  three  tailed  retractor  will  be  needed  to  keep  the 
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Teale's  amputation.     (Moullin.) 

soft  parts  out  of  harm's  way  when  the  saw  is  used.  In  the  lower 
third  (Fig.  576)  lateral  flaps  of  equal  length  are  perhaps  the  best. 
Osteoplastic  flaps  (Moschcowitz)  may  be  obtained  from  the  malleoli 
and  made  to  cover  the  ends  of  the  two  bones;  they  should  be  on  the 
same  plane  as  the  articular  cartilage  of  the  tibia.  Teal's  method 
(Figs.  577,  578)  consists  of  two  rectangular  flaps  including  all  the 
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Structures  down  to  the  bone.  The  length  and  breadth  of  the  long 
flap,  which  is  taken  from  the  surface  where  the  bone  is  most  super- 
ficial, should  be  equal  to  one  half  the  circumference  of  the  leg  at 
tlie  proposed  site  of  amputation.  The  short  flap,  containing  the 
main  blood  bessels.  is  one-quater  the  length  of  the  long  flap.  In  the 
middle  and  upper  thirds  likewise  (Fig.  579).  two  lateral  flaps  of 
equal  length  are  satisfactory-,  or  the  external  flap  may  be  long  and 
the  internal  short.  In  the  latter  operation  care  should  be  taken 
to  cut  the  anterior  tibial  arterj-  long,  and  not  to  injure  it  in  separating 
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Pic.  579.— Section  through  the  middle  ot  the  leg.  (After  Braune.  and  Eaniarch  and 
Kowatzig.)  /.  Fibula.  (.  Tibia,  i.m.  Interosseous  membrane.  Muscles:  i,o.  Tibiali* 
amicus.  e.l.d.  Entensor  longus  digitonim.  p.i.  Peroneus  longus.  l.p.  Tibialis  posticus. 
I.  Soleus.  (.(.  Gastrocnemius,  pi.  I.  Plantaris.  Vessels:  u.l.o.  Anterior  tibial  artery 
with  vente  comites.  p.l.a.  Posterior  tibial  artery,  pn.a.  Peroneal  artery.  i.s.T., 
r.s.T,  Internal  and  external  saphenous  vein.  Nerves:  a.l.n.  Anterior  tibial  nerve. 
pn.  B.  Peroneal  nerve.  p,l.B.  Posterior  tibial  nerve,  i.i.it.  Long  saphenous  nerve, 
s.i.n.  Short  saphenous  nerve.      (Walsham.) 

the  interosseous  membrane.  An  oblong  osleoplaslic  flap  (Bier)  may 
be  sawn  from  the  anterior  portion  of  the  tibia,  and  turned  upward 
by  fracturing  its  upper  border;  the  periosteum  forming  the  hinge 
of  the  flap  is  then  separated  from  the  tibia  for  a  short  distance,  the 
tibia  and  fibula  divided  on  a  level  with  the  base  of  the  hinge,  and 
the  flap  sutured  over  the  ends  of  the  bones  with  chromicized  catgut 
sutures  passing  through  the  periosteum  (Figs.  580,  581).  The 
advantages  claimed  are  the  closure  and  protection  of  the  medullary 
canal,  increased  stability  of  the  bone,  and  a  movable  skin  flap.  Bin- 
□ie  simplifies  this  operation  by  using  a  free  transplant  of  bone  cover- 
ed with  periosteum.    Another  method  (Bier),  which  can  be  employed 
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in  any  region,  is  to  remove  a  wedge  of  bone  a  short  distance  above 
the  line  of  amputation,  and  close  the  wedge  at  the  completion  of  the 
operation,  thus  changing  the  position  of  the  scar  and  closing  the 


Pic.  s8i.— Section  thrciuBh  the  condyles  of  the  femur,  to  show  the  relation*  of  Uie 
structures.  (After  Braune.  and  Esmarch  and  KowaJxig.)  /.  Pemur.  p.  PataQa. 
Muscles:  g.i.,  g.e.  External  and  internal  head  of  the  Kastrocnemius.  i.  Sartocint. 
sm.  Semi-memhranosus.  gr.  Gracilis,  it.  Semi-ten dinosns.  t.  Bicept.  kj.  Knee 
joint,  i.l.l.,  e.lJ.  Internal  and  extermd  lateral  lisament.  p.£.l.  Posterior  and  mcial 
liKaments.  Vessels;  po.a.  Popliteal  artery,  ar.a.  Articular  branch,  e 
ailety.  po.v.  Popliteal  vein,  i.s.v.  Internal  saphenous  vein.  c.i.*.  External  si 
vein,  e.s.v.  External  saphenous  vein.  Nerves:  t.po.n.  External  popliteal  i 
i.po.ti.  Internal  popliteal  nerve,     l.s.n.  Long  saphenous  nerve.     (Waltham.) 

medullary  cavity.  Osteoplastic  amputations  are  tedious,  and  are 
contraindicated  in  the  presence  of  infection,  and  in  most  traumatic 
cases. 
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Disarticulatioii  at  the  knee  joint  (see  Fig.  582  for  relations)  may 
be  effected  after  making  bilateral  flaps.  Two  semilunar  incisions, 
starting  at  a  point  just  below  the  tibial  tubercle,  curve  around  each 
side  of  the  leg,  meeting  again  posteriorly  in  the  midline  on  a  level 
with  the  joint.  As  the  internal  condyle  is  the  larger,  the  inner  flap 
should  be  longer.  The  ligamentum  patellae  is  divided  and  the  joint 
opened  and  disarticulated.  A  long  anterior  flap  may  be  made  by 
an  incision  from  one  condyle  to  the  other,  and  extending  to  a  point 


Pig.  583. 

Garden's  amputation.     (Moullin.) 


Pig.  584. 


five  inches  below  the  patella;  a  short  curved  incision  unites  the  ends 
of  the  former.  The  patella  should  be  removed,  or  fastened  between 
the  condyles.  The  stump  is  ungainly  in  appearance  but  capable 
of  bearing  weight. 

Supracondyloid  Amputation  of  the  Femur  (Garden's Method). 
An  anterior  semilunar  flap  of  skin  and  subcutaneous  tissues  is  out- 
lined by  an  incision  passing  from  one  condyle  to  the  other,  and  reach- 
ing downward  to  two  inches  below  the  patella;  the  posterior  flap  is 


Pig.  585. 


Fig.  586. 


Gritti's  amputation. 


made  by  an  incision  connecting  the  ends  of  the  anterior  and  passing 
through  all  the  soft  tissues  (Figs.  583,  584).  The  condyles  are 
divided  just  below  the  epiphyseal  line  and  the  sharp  edges  rounded 
with  rongeur  forceps.  GrittVs  osteoplastic  method, — An  anterior 
semilimar  flap  extends  from  the  condyles  of  the  femur  to  the  tibial 
tubercle  and  includes  the  quadriceps  extensor  tendon  and  the  pa- 
tella; the  |>osterior  is  made  by  an  incision  connecting  the  ends  of 
the  anterior.    The  condyles  of  the  femur  are  divided  just  above  the 
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articulation.  The  posterior  surface  of  the  patella  is  then^removed 
with  a  fine  saw  and  the  remaining  portion  sutured  to  the  sawn  sur- 
face of  the  femur  with  catgut  passing  through  the  periosteum ,Jor 


Pic.  589. — Section  of  the  thigh  at  the  junction  of  the  middle  and  lower  third. 
(After  Braune,  and  Esmarch  and  Kowaliig.)    /.  Pemur.     Muscles:  v.i.  Vastus  intemui. 

head  of  the  biceps.  i(.  Semi-tendinosis.  jm.  Semi-membranosus.  p.  GrariUs. 
s.  Sartorius.  a.m.  Adductor  magnus,  artery  about  to  pass  throush.  Vessels:  i./.a 
Superficial  femoral  artery,  an,  a.  Anastomotic  artery,  it./.a.p.  Deep  femoral  artery 
perforating.  J-o.  Sciatic  artery.  s.f,v.  Superficial  femoral  vein,  i.s.r.  Internal  saph- 
enous vein.     Nerves:  s.n.  Sciatic  nerve.     I.s.h.  Long  saphenous  nerve.     (Walsham.) 

with  wire  (Figs!  585,  586).  Sabamjeff .covcts  the  end  of  the  femur 
with  a  bone  flap  from  the  tibia  (Figs.  587,  588). 

Amputation  through  the  thigh  (Fig.  589)  may  be  performed  by 
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any  of  the  usual  methods,  the  modified  flap  and  circular  being  per- 
haps the  best.  The  most  favorable  site  for  section  of  the  femur  is 
at  the  junction  of  the  middle  and  lower  thirds.  Amputation  close 
to  the  lower  end  gives  a  stump  which  is  too  long  for  a  mechanical 
knee-joint,  amputation  within  five  inches  of  the  crotch  gives  a  stump 
which  is  too  short  for  wielding  a  false  limb. 

Amputation  at  the  hip  joint  (Fig.  590)  is  accompanied  by  unusual 
risks  from  hemorrhage,  shock,  and  sepsis.     Hemorrhage  may  be 


Pic.  590. — Section  of  the  upper  third  of  the  thigh  to  show  the  relation  of  the  struc- 
Inres  divided  in  amputation  of  the^hip.  (After  Braiine.  and  Esmarch  and  Kowalzig.) 
/.  Pemur.  Muscles;  s.  Sartorius.  r.f.  Rectus  feinoris.  (././.  Tensor  fascia  femi'ris. 
t.  Vastus,  g.m.  Gluteus  maiimus.  st,  Semi-tendinosis.  sm.  Semi-membranosus. 
a.m.  Adductor  magnus.  a.b.  Adductor  brevis.  gr.  Gracilis.  aJ.  Adductor  longus. 
V'essclsr  s.f.a.  Superficial  femoral  arterv.  rf./.a.  Deep  femoral  artery.  d.f.p.a.  Deep 
femoral  perforating  artery,  j.o.  Gluteal  artery,  i.a.  Sciatic  artery,  s.f.v.  Superficial 
(emoral    vein,      d.f.v.    Deep    femoral    vein,      i.i.r.    Interna!    saphenous   vein.      Nerves; 

neni'e.     d.o.n.  Deep  obturator.nerve.     (Walsham.) 

controlled  by  (i)  preliminary  exposure  and  ligation  of  the  femoral 
vessels,  with  subsequent  clamping  of  the  smaller  ones  as  they  are 
divided  (the  best  method);  (2)  pressure  upon  the  aorta  by  various 
forms  of  tourniquets  (dangerous) ;  (3)  pressure  upon  the  external 
iliac  vessels  with  Davy's  rectal  lever  (dangerous) ;  (4)  direct  digital 
pressure  on  these  vessels  through  an  abdominal  incision  (McBurney) 
Of  (5)  hy  a  rubber  tourniquet  held  close  to  the  brim  of  the  pehis  by 
two  long  steel  pins  (Wyeth),  by  sutures,  or  by  a  loop  passing  around 
the   abdomen.     In   Wyeth's  bloodless   method,    "after  exsangui- 
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nating  the  limb  one  pin  is  introduced  one-fourth  of  an  inch  below 
and  within  the  anterior  superior  spine  of  the  ilium,  and  after  tra- 
versing the  muscles  and  fascia  on  the  outer  side  of  the  hip,  emerges 
on  a  level  with  the  point  of  entrance.     The  point  of  the  second  pin 
is  thrust  through  the  skin  and  tendon  of  the  origin  of  the  adductor 
longus  muscle  one-half  inch  below  the  crotch,  the  point  emerging 
one  inch  below  the  tuber  ischii.     The  points  should  be  shielded  at 
once  with  corks  to  prevent  injury  to  the  hands  of  the  oi>erator.     No 
vessels    are    endangered    by    these    skewers.     A   piece  of  strong 
rubber  tubing,  one-half  inch  in  diameter  when  unstretched,  and  long 
enough  when  in  position  to  go  five  or  six  times  around  the  thigh,  is 
now  wound  tightly  around  above  the  fixation  needles."     The  thigh 
is  amputated  by  an  external  racquet  incision,  the  external  portion 
of  which  extends  from  the  rubber  band  downwards  for  six  inches 
then  being  completed  by  a  circiflar  incision  aroimd  the  thigh.     The 
skin  and  subcutaneous  tissues  are  reflected  to  the  lesser  trochanter 
and  the  muscles  cut  at  this  level.    The  capsule  of  the  joint  is  opened 
and  the  thigh  carried  upward,  inward,  and  forward,  thus  forcing  the 
head  of  the  bone  from  the  socket.     The  round  ligament  is  then 
severed  and  the  limb  removed.    Senn  perforates  the  thigh  close  to 
the  head  of  the  femur  with  a  double  rubber  tube,  one-half  of  which  is 
tied  in  front  and  the  other  half  behind.    Esmarch  divides  the  femur 
at  the  level  of  the  circular  incision,  ties  all  blood  vessels,  removes  the 
constrictor,  and  then  enucleates  the  upper  end  of  the  femur.    Per- 
haps the  best  method,  when  applicable,  is  the  anterior  racquet  atn- 
putation  without  the  use  of  a  constrictor.     A  longitudinal  incision  is 
made  from  the  middle  of  Poupart's  ligament  downwards  for  three 
inches.     The  common  femoral  vessels  are  divided  between  ligatures, 
and  the  incision  continued  downwards  and  inwards  across  the  inner 
side  of  the  thigh  about  four  inches  below  the  crotch,  thence  continu- 
ing around  the  thigh  to  join  the  primary  incision.     The  outer  flap, 
including  the  muscles,  is  separated  from  the  femur,  any  bleeding 
vessels  being  caught  and  tied  as  they  are  encountered.     The  limb 
is  then  rotated  outwards  and  the  process  repeated  on  the  inner  side. 
The  capsule  is  now  opened,  the  head  of  the  bone  disarticulated  for- 
ward, the  ligamentum  teres  divided,  and  the  tissues  on  the  posterior 
surface  severed  by  carrying  the  knife  downwards  and  outwards 
behind  the  bone. 

Interilio -abdominal  amputation,  in  which  the  entire  lower 
extremity,  including  the  whole  or  a  portion  of  the  innominate  bone. 
is  removed,  has  been  performed  thirty-four  times  with  ten  recov- 
eries (Ransohoff). 
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Abbe's  string  saw,  for  esophageal  stric- 
ture, 662 
operation  on  the  fifth  nerve,  352 
Abbott's  treatment  of  scoliosis,  556 
Abdomen,  affections  of,  665 
contusions,  670 
phantom  tumor  of,  677 
wounds  of,  670 
Abdominal  aorta,  compression  of,  313 
ligation  of,  329 
apertures,  745 
hemorrhage,  666 
hernia,  799 
hydrocele,  911 
hysterectomy,  949,  954 
infection,  666 
myomectomy,  950 
operations,  general  remarks  on,  666 
postoperative  measures,  72 
pregnancy,  961 
section,  666 
surgery,  666 
tonsil,  765 

tumor,  see  special  organs 
vessels,  rupture  of,  670 
viscera,  effects  of  injury,  670 
walls,  injuries  of,  668 
hematoma,  670 
muscular  rupture,  670 
suppuration,  670 
wounds,  675 
nonpenetrating,  675 
penetrating,  675 
Abducens  nerve,  353 
Abrasion,  139 
Abscess,  108 
acute,  no 

diagnosis  of,  no 
symptoms  of,  no 
treatment,  no,  in 
varieties  of,  109 
see  also  special  regions 
chronic,  112 
diagnosis  of,  114 
symptoms  of,  112 
treatment,  114 
see  also  special  regions 
tuberculous,  see  chronic 
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Absorption,  97 

Absorptive  power  of  stomach,  testing,  702 

Accessory  auricles,  566 

thyroids,  576 
A.  C.  E.  anesthetic  mixture,  31 
Acetabulum,  fracture  of,  411 
Acetanilid,  55 
Acetonemia,  36 
Acetonuria,  36,  35 
Achillodynia,  998 
Achondroplasia,  442 
Achorion  Schdnleinii,  51 
Acid  bums,  159 
Acinous  adenoma,  216 

carcinoma,  218 
Acne,  Rdntgen  rays  in  treatment  of,  18 

syphilitic,  197 
Acquired  dermoids,  233 

dislocation,  453 

diverticula,  657 
esophageal,  657 

inguinal  hernia,  802 

syphilis,  191 

valgus,  994 
Acriflavine,  55 
Acromegaly,  443 

Acromial  end  of  clavicle,  dislocation,  458 
Acromion,  process  of  scapula,  395 

fracture  of,  395 
Actinomyces,  188 
Actinomycosis,  188,  51 
Acupressure,  313 
Acupuncture  for  aneurysm,  301 

neuritis,  342 
Acute  cancer,  218 
Adams'  osteotomy,  493 
Address,  in  diagnosis,  2 
Adenitis,  cervical,  338 

femoral,  338 

inguinal,  338 
Adenoids,  595 
Adenoma,  216 

see  also  special  regions 
Adenocarcinoma,  216 
Adenomatous  goiter,  579 
Adeno myxoma,  216 
Adenosarcoma,  216 

of  breast,  625 
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Adhesions,  intestinal,  744 
Adhesive  inflammation,  93 

plaster,  sterilized,  140 
Adrenalin  chlorid,  38,  310 
Adult  tumor,  214 
Adventitious  bursx,  372 
Adynamic  ileus,  752 

inflammation,  93 
Atrial  fistula,  125 
Aerobes,  43 

aerogenic  bacteria,  263 
Age,  in  diagnosis,  2 
Agglutination,  14,  48 
Agglutinins,  48 
Agnew's  splint,  422 
Agonal  leukocytosis,  12 
Agraphia,  506 
Ainhum,  130 
Air  embolism,  270 

hunger,  307 

in  subcutaneous  emphysema,  263 
Air-passages,  foreign  bodies  in,  599 

operations  upon,  605 
Albee's  operation  for  spinal  tuberculosis, 

449 
Albert's  disease,  998 

Albuminoid  degeneration,  113 

disease,  113 
Albuminuria,  203 
Alcohol,  54 
Alcoholism,  514 
Aleppo  boil,  247 
Alexander's  operation  of  shortening  the 

round  ligaments,  942 
Alexia,  506 
Alexins,  48 
Alkali  bums,  159 
AUis'  inhaler,  24 

method  of  reduction  of  dislocation  of 
hip  joint,  468,  466,  469 
Alopecia  in  syphilis,  198 
Aluminium  bronze  wire,  62 
Alveolar  processes,  affections  of,  648 

abscess,  648 

sarcoma,  229 
Amazia,  620 

Ambulant  erysipelas,  175 
Ambulatory  treatment  of  fractures,  381 
Ameba  coli,  51,  107 
Amenorrhea,  954 
Amnesic  aphasia,  506 
Amputation  stump,  1006 

affections  of,  1006 
Amputations,  999 

aperiosteal,  1000 


Amputations,  divisions  of  tissues,  1002 
flapless,  1006 
indications,  1000 
permanent   control   of   hemorrhage, 

1003 
preliminary  control  of  hemorrhage, 

lOOI 

types  of,  1003 

see  also  special  regions 
Amyloid  disease,  113 
Anaerobes,  43 
Anal,  see  anus 
Anaphylaxis,  50 
Anastomosis,  arterial,  317 

aneurysm  by,  294 

intestinal,  end  to  end,  760 
lateral,  763  * 

neural,  348 

ureteral,  865 
Anatomical  tubercle,  250 
Anel's  operation  for  aneurysm,  302 
Anemia,  12 

infantum,  798 
Anemic  infarct,  268 
Anesthesia,  21 

after  effects,  35 

Bier's  intravenous,  39,  40 

circulatory  difficulties  in,  34 

complications  during,  32 

contraindications,  21 

death  rate,  21 

following  nerve  rupture,  345 

general,  21 

Mikulicz's  law,  12 

indications  for,  21 

infiltration,  38 

Kummel's,  28 

local,  37 
indications  for,  37 
technic  for,  39 

massage  of  heart  in  collapse  during, 
274 

parasacrol,  39 

paravertebral,  39 

posture  in  23 

preparation  of  anesthetist,  23 
patient,  22,  23 

primary,  25 

Ransohoff's  arterial  anesthesia,  40 

recovery  from,  34,  27 

rectal,  28 

respiratory  difficulties,  32 

scopolamin-morphin,  31 

spinal,  40 

stages  of,  25 
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nesthetics,  21 

admimstration  of,  24 

adrenalin  chlorid,  38 

atropin,  31 

fiarker*s  solution,  38 

carbolic  acid,  53 

chloroform,  21 

choice  of,  21 

cocain  hydrochlorid,  37 

contraindications  for,  37 

ether,  21 

ethyl  bromid,  31 

chlorid,  30 
eucain  hydrochlorid,  37 
ice  and  salt,  37 
inhalers  for  administration  of 
Allis,  24 
Clover,  24 
Esmarch,  28 
Skinner,  28 
intraneural  injection,  39 
liquid  air,  37 
methyl  chlorid,  37 
mixtures,  31 
nitrous  oxid,  29,  30,  21 
novocain,  38 
paraneural  injections,  39 
Quinin-urea  hydrochlorid,  38 
Schleich's  solution,  38 
scopolamin-morphin,  31 
stovain,  38 
tropacocain,  38 
Aneurysm,  291,  294,  226 
cirsoid,  294 
diagnosis,  298 
duration,  298 
etiology,  296 
fusiform,  296 
gangrene  of,  298 
inflammation,  298 
parts  of,  295 
rupture,  298 
sacculated,  296 
symptoms,  297 
treatment,  300 
medical,  300 
surgical,  300 

amputation,  304 

compression,  300 

end  to  end  arterial  anastomosis, 
304,  226 

extirpation,  304 

incision,  303 

introduction  of   foreign   bodies 
into  sac,  301 


Aneurysm,  treatment,  surgical,  ligation, 
302 
venous  transplantation,  304 

tubulated,  296 
Aneurysm  by  anastomosis,  294 
Aneurysmal  varix,  305,  304 
Angina  Ludovici,  575 
Angioma,  226 

telangiectaticum,  226 
Angiorrhaphy,  315 
Angiosarcoma,  231 
Angiosclerosis,  290 
Angiotribe,  314 
Angle's  bands,  389 
Angular  curvature  of  spine,  557 

convolution,  504 
Animal  bites,  182 

tuberculosis,  208 
Ankle  joint,  amputation  at,  1017 

disease,  486 

dislocation  of,  471 

effusion  into,  476 

excision  of,  498,  487 

fracture-dislocation  of,  427 
Ankyloglossia,  643 
Ankylosis,  491,  492 
Anociassociation,  31 
Anodyne  for  sepsis,  172 
Anorchism,  902 
Anosmia,  349 
Anteflexion  of  uterus,  938 
Anterior  crural  nerve,  injury  of,  360 

gastroenterostomy,  711 

poliomyelitis,  564 

tibial  artery,  compression  of,  313 
ligation  of,  334 
Anteversion  of  uterus,  938 
Antevesical  hernia,  805 
Anthrax,  185,  187,  186 
Antibacterial  serums,  171 
Antibiosis,  46 
Antigens,  48 

Antigonococcus  serum,  480 
Antiphthisin,  213 
Antipjrretic  for  sepsis,  172 
Antirabies  vaccination,  184 
Antisepsis,  51 
Antiseptic  operation,  68 
Antiseptics,  56,  51 
Antistaphylococcic  serum,  49 
Antistreptococcic  serum,   171 
Anti tetanic  serum,  49,  181 
Antitoxins,  48,  181 
Antivenene,  154 
Antrum  of  Highmore,  afiections  of,  597 
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Antyllus's  operation  for  aneurysm,  303 
Anuria,  847 

calculous,  857 

non-obstructive,  847 

obstructive,  847,  667 

reflex,  857,  847 
Anus,  abscess  of,  830 

absence  of,  827 

artificial,  754 

condyloma  of,  198 

epithelioma  of,  839,  217 

fissure  of,  829 

fistula  of,  832 
complete  or  true,  833 
blind  external,  832 
internal,  833 

imperforate,  826 

prolapse  of,  837 

pruritus  of,  829 

stricture  of,  826 

tumors,  839 
Aorta,  aneurysm  of,  301,  296 

compression  of,  $01 

ligature  of,  329 
Apertures,  abdominal,  745 
Aphasia,  506 
Aphonia,  275,  576 
Aphthous  stomatitis,  647 
Apnea,  610 

in  anesthesia,  26 
Apoplexy,  515,  5^9 

in  anesthesia,  36 
Appendages,  245 
Appendectomy,  770 
Appendiceal  abscess,  772 
Appendicitis,  765 

abscess  in,  767 

causes  of,  766 

complications  of,  767 

diagnosis  of,  769 

operation  for,  770 
sequelae  to,  773 

pathology  of,  766 

symptoms  of,  767 

treatment  of,  770 

varieties  of,  766 
Appendicostomy,  773 
Appendicular  dyspepsia,  693 
Appendix  vermiformis,  in[hernial  sac,  801 

use  of,  in  treatment  of  colitis,  773 
Apraxia,  506 
Ardor  urine,  885 
Areolar  abscess,  621   . 
Arm,  amputation  through,  Z012 

chancre  of,  193 


Arm,  position  in  operations,  68 
Arsenical  neuritis,  342 
Arsphenamin,  203 
Arterial  anastomosis,  317 

aneurysm,  293 

hemorrhage,  306 
control  of,  308 

stupor,  292 

suture,  314 

thrombosis,  290,  266,  131 

varix,  294 
Arteries,  digital  comprtsaon  of,  301,  311 

diseases  of,  290 

injuries  of,  292,  293 

ligation  of,  314 
gangrene  following,  131 

wounds  of,  293,  294 
ArteriocapiUary  fibrosis,  290 
Arteriomesenteric  occlusion,  700 
Arteriorrhaphy,  316 

Carrel's  method,  316 
Arteriosclerosis,  290,  291,  21,  280 
Arteriovenous  aneuiysm,  305,  304,  293 

wounds,  305 
Arteritis,  290 

acute,  290 

chronic,  290 

syphilitic,  291 
Arthrectomy,  495,  482 
Arthritis,  acute,  478 

chronic,  479 

deformans,  488 

gonorrheal,  479 

gouty,  487 

gummatous,  480 

infantile,  432 

neuropathic,  489 

panarthritis,  478 

pneumococcal,  479 

pyemic,  478 

rheumatic,  487 

rheumatoid,  488 

simple,  478 

suppurative,  478 

syphilitic,  480 

tuberculous,  480,  433 
Arthrodesis,  495 
Arthrolysis,  493 
Arthroplasty,  493 
Arthrospores,  42 
Arthrotomy,  479 
Artificial  anus,  754 
closure  of,  755 

larynx,  606 

leech,  96,  568 
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Artificial  limbs,.  1007 

nose,  589 

respiration,  ss 
Ascites,  operation  for,  777,  968,  969 
Ascococci,  42 
Asepsis,  51 
Aseptic  operation,  68 

fever,  166,  170 

thrombus,  266 
Ashliurst*s  dressing  for  Jones'  position,  403 
Aspermia,  902 
Asphyxia,  traumatic,  610 
Aspiration,  614 

for  hydronephrosis,  85 1 
chronic  abscess,  114 
empyema,  614 
joints,  475 
p>ericardium,  276 
Astereognosis,  506 
.\sthenic  fever,  167 

inflammation,  93 
Astragalus,  dislocation  of,  472 

excision  of,  993 

fracture  of,  429 

tuberculous  disease  of,  486 
Astringents  in  inflammation,  98 
Ataxia,  506,  533 
Athelia,  620 
Atheroma,  290 
Atony  of  bladder,  871 
Atresia  ani  urethralis,  827 
vesicalis,  827 

of  cervix,  931 

of  meatus,  566 

vaginalis,  827,  923 
Atrophic  scirrhus,  627,  218 
Atrophy,  see  special  regions 
Atropin,  hypodermic  injection  in  anes- 
thesia, 30 
Auditory  nerve,  injury  of,  354 
Auricle  of  ear,  accessory,  566 

wounds  of,  566 
Auriculotemporal  nerve,  excision  of,  352 
Auscultation,  in  diagnosis,  9 
Autochthonous  thrombus,  265 
Autoclave,  51 
Autogenous  bacterins,  50 
Autoinfection,  46 
Autointoxication,  166 
Autoprints,  5 
Autotiansfusion,  165 
Avulsion  fracture,  375 
Axillary  artery,  compression  of,  313 

ligature  of,  326 
AtoQsptmdtL,  90a 


Babcock's  operation  for  varicose  veins, 

283 
Babes  rabic  tubercles  of,  183 
Bacelli's  sign,  613 

treatment  of  tetanus,  182 
Bacilli,  42 
Bacillus  aerogenes  capsulatus,  134,  43,  44 

anthracis,  185,  42 

chromogenic,  44 

coli  communis,  432,  107,  44 

diphtheria,  107 

drumstick,  178 

Ducrey,  195,  896 

edematis  maligni,  134-,  43 

flagellate,  43,  44 

influenza,  107 

leprae,  190 

mallei,  187 

of  botulism,  43 

Oppler-Boas,  705 

photogenic,  44 

prodigiosus,  231 

pyocyaneus,  44,  107 

reading,  152 

sporogenes,  134 

tetani,  178,  43 

tuberculi,  208,  209,  107 

t>'phosus,  44 

virulence,  47 
Backache,  postoperative,  72 
Bacteremia,  168 
Bacteria,  42,  see  also  individual  bacteria, 

food  of,  43 
Bacterial  contamination,  45 

death,  44 

development,  43 

distribution,  42 

immunity,  47 

infection,  45 
methods  of,  46 

products,  44 
Bactericidal  serum,  48 
Bacterin,  50,  171 

autogenous,  50 

stock,  50 
Bacteriolysin,  48 
Bacteriolysis,  48 
Baking  apparatus,  99 
Balanitis,  898 
Balanoposthitis,  898 
Balfour's  cautery  excision,  725 
Bamberger's  sign,  275 
Band  splint,  390 
Bandages,  76 

see  also  special  bandages 
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Bandages  of  abdomen,  85,  86 

of  chest,  85 

of  the  head,  78 

of  lower  extremities,  86 

of  perineum,  86 

of  the  trunk,  84 

of  upper  extremities,  81 

varieties  of,  77 
Bands,  peritoneal,  744 
Banti's  disease,  798 
Barbadoes  leg,  336 

Bardenheuer's  method  of  treating  frac- 
tures, 419,  420 
Barker's  operation  for  fractured  patella, 

423 

for  temporosphenoidal  abscess,  534 

of  excision  of  hip,  497 

solution  adrenalin  chlorid,  38 
for  local  anesthesia,  38 
spinal  anesthesia,  40 
Bartholin's  glands,  abscess  of,  922 
Bartlet's  sterilization  of  catgut,  61 

pyloroplasty,  724 
Barton's  bandage,  78 

fracture,  406 
Base  of  skull,  fracture  of,  517 
Baseball  finger,  979 
Basedow's  disease,  582 
Basedowified  goiter,  582 
Bassini's  operation  for  femoral  hernia,  813 

inguinal  hernia,  807 
Bastinelli  method  aspiration  of  blood,  611 
Battle's  sign,  519 
Bauden's   method   of   amputating   foot, 

1016 
Bazillenemulsion,  213 
Beatson's  operation  (o6phorectomy),  220 
Beck's  operation  for  hypospadias,  883 

bismuth  paste,  124 
Bed  sores,  132 

in  spinal  injuries,  548 

palsy,  353 
Bellocq's  cannula,  593  . 
Bending  fracture  of  skull,  515 
Benign  tumors,  214 
Bennet's  fracture  of  the  thumb,  410 
Benzin,  54 

Beri-beri,  neuritis  in,  342 
Be  van's  operation  for  undescended  tes- 
ticle, 903 
Beyea's  operation  for  gastropexy,  711 
Biceps  femoris,  tenotomy  of,  368 
Bichat,  fissure  of,  503 
Bichlorid  of  mercury,  52 

solutions,  53 


Bier's  intravenous  anesthesia,  39 

osteoplastic  amputation,  1020 

treatment,  97,  211,  124 

danger  of,  in  arteriosclerosis,  292 
of  delayed  union  of  fractures,  3S6 
Bifid  tongue,  642 

Bigelow's  method  of  reducing  dislocation 
of  hip  joint,  468 

evacuator,  878,  602 
Bile  ducts,  stone  in  lower  common,  788 

upper  common,  787 
Bilharzia  hematobia,  846 
Biliary  cirrhosis,  778 

colic,  783 

fistula,  790,  678 

passages,  affections  of,  778 
operations  on,  788 

stasis,  781 
Bilious  ascites,  786 
Bilirubin  stones,  783 
Billroth's  operation  of  pylorectomy,  727, 

7^8 
Bilocular  hydrocele,  911 

stomach,  695 
Bimanual  examination,  920 
Binnie,  tenorrhaphy,  368 
Biondi,  pyloroplasty,  724 
Bipartite  scaphoid,  409 
Birth  mark,  226 

paky,  356 

Bismuth  paste,  124 

Bistoury,  methods  of  holding,  70 

Bites,  dog,  182 

insect,  153 

snake,  154,  153 
Black  death,  135 

tongue,  644 
Blackness,  in  diagnosis,  6 
Bladder,  abscess  about,  873 

affections  of,  866 

atony  of,  871 

carcinoma  of,  873 

contracture  of  the  neck  of,  916 

examination  of,  867 

foreign  bodies  in,  876 

hernia  of,  801,  811 

inflammation  of,  871 

laxative,  71 

rupture  of,  674 

sounding  for  stone,  877 

sterilization  of,  67 

stone  in,  876,  879 

tuberculosis  of,  874 

tumors  of,  875 

ulcers  of,  875 
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lake,  on  fractures,  381 
Iake*s  suspension  and  extension  appara- 
tus, 399 
with  the  Hodgen  splint,  418 

modification  of  Thomas'  splint,  380 
land  thrombus,  266 
lank  cartridge  wounds,  145 
lastomycetes,  51 
lastomycetic  dermatitis,  51 
lastomycosis,  246,  51,  18 
lind  boil,  247 

fistula  anal,  832 
listers,  100,  155 

lood,  chemical  examination  for  estima- 
tion of  renal  function,  846 

clot,  7 
healing  by  organization  of,  103 

coagulation  time,  13 

cysts,  233,  571,  572 

examinations  in  diagnosis,  11,  14 
in  diagnosis  of  tumors,  243 

letting,  in  inflammation,  95 

poisoning,  166 

pressure, 

in  cerebral  surgery,  507 

in  compression  of  brain,  512 

transfusion  of,  285 

tuberculo-opsonic  power,  210 

vessels,  injuries  of,  378 
changes  in,  91 
suture  of,  315 
lueness,  in  diagnosis,  6 
odine's  operation,  757 
oils,  247 
ond  splint,  407 
one,  atrophy  of,  442,  375 

control  of  bleeding  from,  311 

contusions  of,  431 

cysts  of,  447 

diseases  of,  430,  7 

felon,  981 

gangrene  of,  434,  431 

grafting  of,  436 

gumma  of,  439 

hypertrophy,  443 

inflammation  of,  430 

injuries  of,  374 
varieties,  374 

necrosb  of,  434,  431 

riders,  364 

Rdntgen  ray  in  diagnosis  of  disease  of, 
16,447 

sarcoma  of,  447 

syphilis  of,  439,  198 

tian^lantation,  449,  382 


Bone,  tuberculosis  of,  438 

tumors,  445 

ulceration  of,  437 
Bony  ankylosis,  492 
Boric  (boracic)  acid,  54 
Borsch's  eye  bandage,  80 
Bougies,  urethral,  893 

esophageal,  660 
Bowel,  see  intestine 
Bowels,  after  operation,  72 
Bow-legs,  991 
Boxer's  ear,  566 
Braasch's  determination  of  site  of  renal 

stone,  858 
Brachial  artery,  compression  of,  313 
ligation  of,  327 

birth  palsy,  356 

infraclavicular,  355 

neuritis,  357 

plexus,  injury  of,  355 

supraclavicular,  355  , 

Brachio-cervical  bandage,  83 
Bradford  frame,  420 

Brain  and  membranes,  see  also  cerebral 
cerebellar,  skull,  head 

abscess,  533 

affections  of,  511 

compression  of,  512,  513 

concussion  of,  511,  514 

cysts  of,  512 

edema  of,  521 

fissures  of,  503 

foreign  bodies  in,  512 

gumma  of,  536,  512 

hernia  of,  523 

injuries,  effects  of,  512 

irritability  of,  512 

localization,  502 

prolapse  of,  524 

tumors,  534 
decompression  operation  for,  537 

wounds  of,  522 
non-penetrating,  522 
penetrating,  523 
Branchial  arches,  570 

carcinomata,  572 

clefts,  570 

cysts,  571 

fistul(e,  570 
Brasdor's  operation  for  aneurysm,  303 
Brauer's    apparatus    for    prevention    of 

pneumothorax,  612 
Braun's  operation  for  salivary  fistula,  642 
Breast,  abscess  of,  621 

amputation  of,  628 


tuberculous  disease  of,  6i,t 

tumors  of,  624,  6vi 
adenocele,  615 
carcinoma,  615 
c>'st  adenoma,  625 
fibroadenoma,  614 
sarcoma,  62$ 

ulceration  of ,  625 
Breath,  odor  as  diagnostic  agent,  10 
firilUant  green,  55 
Brisement  forct.  991 
Broad  ligament,  varicocele  of,  97J 
Broadbent's  sign,  lyj 
Broca's  convolution,  506 

points  on  skull,  502 
Brodie's  abscess.  438,  109 
Bronchial  a&ections  in  anesthesia,  35 
Bronchiectasis,  6i!< 
Bronchocele,  578 
Bronchoscope,  601 
Bronchus,  foreign  bodies  in,  S9Q 

stenosis  of.  600 
Bronze  patches,  in  diagnosis,  6 
Brood  capsules,  jjj 

Brophy's  operation  for  cleft  paJate,  653 
Brown-Scquard's  paralysis,  541 

Briiise.  >jR 
Brush  burn,  ijg 


adventitious,  372 

chronic,  371 

iTOUiMb,  371 
Bursting  fracture,  315,  51! 
Buska  button,  247 
Butchers  wart,  150 
Button  suture,  141 

Cachexia,  in  diagnosis,  to, 
hypophyseopriva,  S3  7 
stnimipriva,  S77 
CalcBOeum,  see  os  caku 
Calcification  of  thrombus, 
Calcium  carbonate  stonea. 
Calculus,  see  special  rcpoi 
Callosity,  248 
Calloway's  sign,  459 
CaUus,  379 

compresKOD  of  nerves 
Calmette's  antivenene  len 

tuberculin  test,  iii 
Cabt's  method  in  Pott's  d 
Cammidge's  tMt  for  paBci 
Canalization  of  thrombus, 
Cancer,  116 
Cancer  en  cuirasse,  637 
Cancerous  cachexia,  117 
Cancrum  oris,  136 
Cannula  &  chemise,  311 

r>niIUrv  Iwmnrrliaa.     «.-. 
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Carcinomata,  treatment,  219 

use  of  Rontgen  rays  in,  252 
Carcinomatosis,  217 
Garden's  supracondyloid  amputation  of 

thigh,  Z021 
Cardiac  failure  in  anesthesia,  34 

thrombi,  266 
Cardiolysis,  276 
Cardiospasm,  658 

Caries,   437,      431,   see   also   special 
regions 

fungosa,  438 

necrotica,  438,  558 

sicca,  438,  558 
Carnochan-Chavasse  operation  of  resec- 
tion of  superior  maxillary  nerve, 

351 
Carnot's  solution,  310 

Carotid  artery,  compression  of,  313 

ligature  of,  321 

gland,  584 
Carpal  bones,  dislocation  of,  464 

iracture  of,  409 
CarrePs  method  of  suture  of  arteries,  317 

technic,  57,  58 
Carrel-Dakin  method,  150 
Carron  oil,  158 
Carrying  angle,  401 
Cartilage,  inflammation  of,  92 

semilunar,  displacement  of,  471 

transplantation,  451 
Cartilaginous  tumors,  see  chondroma 
Caseation,  209 
Caseous  necrosis,  209 
Castration,  909 
Catalepsy,  180 
Cataplasm,  96,  99 
Catarrhal    inflammation,    93,    see    also 

special  regions 
Catgut,  60,  6z 

iodized,  61 
Bartlett'8,  61 
Claudius'  method,  61 
Congdon's  method,  61 
Hoffmeister's,  61 
Lee's,  61 
Catheterization,  916,  9x7 

dangers  of,  9x7 

for  enlarged  prostate,  917 

of  ureters,  843,  868 
Catheters,  891,  917 

fever,  895 

sterilization  of,  63 
Causalgia,  343 
Cautery,  100 


Cavernous  angioma,  226 

lymphangioma,  227 

sinus,  infection  of,  248 
injury  of,  353 
thrombosis  of,  532 
Cecca's  operation  for  varicose  veins,  284 
Cecocele,  801 
Cecopexy,  736 
Cecostomy,  755 
Cecum  in  hernise,  801 

mobile,  736 

volvulus,  745 
Celiotomy,  666 

Cellular  theory  of  immunity,  48 
Cellulitis,  176,  see  special  regions 

acute  diffuse,  177 
symptoms,  177 
treatment,  177 

chronic,  176 

gangrenous,  177 
CelluIo-cutanQous  erysipelas,  X75 
Celluloid  thread,  62 
Cementoma,  228 
Central  sarcoma,  446 
Cephalhematoma,  500 
Cephalo  tetanus,  180 
Cerebellar  abscess,  532,  570 

decompression,  537 
Cerebral  abscess,  532 

compression,  see  compression 

concussion,  511,  514 

hemorrhage,  515,  s^9i  S^^ 

hernia,  523 

irritability,  512 

localization,  502 

sinuses,  hemorrhage  from,  510 
thrombosis  of ,  531 

surgery,  507 

tumors,  537,  534,  see  also  brain,  cere- 
bellum, head,  skull 

vomiting,  535 

wounds,  522 
Cerebro-spinal  fluid,  escape  of,  545 

in  fracture  of  base,  517 

meningitis,  epidemic,  530 
Cerebrum,  see  brain 
Cerumen,  impacted,  566 
Cervical  adenitis,  338  • 

caries,  558 

endometritis,  935 

rib,  574 

sympathetic  ganglia,  excision  of,  361, 

584,  537 
vertebra,  dislocation  of,  547 

fracture  of,  see  fracture  of  spine 
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Cervix  uterus,  931 

atresia,  931     - 

cysts  of,  933 

erosion,  933 

eversion  or  ectropion,  933 

hypertrophy,  932 
amputation  in,  932 

inflammation,  934 

laceration,  933 

stenosis,  931 

ulceration,  935 
Chancre,  192,  118 

foliaceous,  193 

Hunterian  or  ulcerative,  193 

indurated,  193 

mixed,  193 

nodular,  193 

parchment,  193 

redux,  193 

diagnosis  of,  194 
extragenital,  194 
finger,  194 
labial,  195 
urethral,  195 
Chancroid,  896,  194 
Change  of  color,  in  diagnosis,  6 
Chapped  lips,  637 
Charbon,  185 
Charcot's  disease,  489 

intermittent  fever,  779,  787 

joint,  489 
Charring,  155 
Chaulmoogra  oil,  190 
Cheiloplasty,  634 
Chemical  disinfection,  52 

gangrene  following,  133 

injuries,  155 
Chemotaxb,  43 
Chest,  concussion  of,  610 

contusion  of,  609 

hemorrhage  into,  610 
Chest,  surgery  of,  609 

wounds  of,  610 
Cheyne-Stokes  respiration,  512 
Chilblain,  160 
Chipault's  operation  for  spinal  deformity, 

562 
Chloral  in  anesthesia,  28 
Chloramins,  57 
Chloroform,  36,  22,  21 

administration  of,  29,  28 

poisoning,  35 
Chloroma,  229 
Choked  disk,  349 
Cholangiogastrostomy,  792 


Cholangiostomy,  793 
Cholangitis,  779,  790 
Cholecystectomy,  789 

indications,  789 

technic  of  operation,  790 
Cholecystenterostomy,  791 
Cholecystitis,  779,  786 
CholeC3rstogastrostomy,  791 
Cholecystostomy,  789 

indications,  789 

technic  of  operation,  790 
Choledochoenterostomy,  793 
Choledochogastrostomy,  793 
Choledocholithotomy,  792 
Choledocholithotrity,  792 
Choledochoplasty,  793 
Choledochostomy,  793 
Choledochotomy,  792 
Cholelithiasis,  781,  ^83 
Cholera,  49 
Cholesteatoma,  230 

Cholesterin-bilirubin-caldum  stones,  782 
Chondritis,  603 
Chondroarthritis,  480 
Chondiodystropia  fetalis,  442 
Chondroma,  223 
Chopart's  amputation,  1016 
Chordee,  885 
Chorea,  547 

Chorioepithelioma,  219,  954 
Chromocystoscopy,  845 
Chylocele,  912 
Chylothorax,  335 
Chylous  ascites,  335 

diarrhea,  335 

hydrocele,  912,  335 
Chyluria,  335,  847 
Cicatrices,  104 

Cicatrix  after  amputation,  X007 
Cinematic  amputation,  Vanghetti*s  opera- 
tion, lOIZ 
Circular  amputation,  1003 

bandage,  77 

enterorrbaphy,  760 

resection,  696 
Circulation,  antiseptics  in,  171 
Circuhitory  difficulties  during  anesthesia, 

34 
Circumcision,  897 

Circumflex  nerve,  injury  of,  357 

Cirrhosis  of  liver,  operation  for,  777 

Cirsoid  aneurjrsm,  294,  226 

Civiale's  urethrotome,  893 

Chiirmont-Erlich  mjreloplasty,  461 

Clap,  885 
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Clavicle  bandage,  84 

dislocation  of,  458 

fracture  of,  392,  84 
treatment,  392,  393 
Clavus,  248 

Claw  hand  in  ulnar  paralysis,  358 
Cleft  palate,  652 

of  lower  jaw,  636 

of  lower  lip,  636 

of  nose,  586 
Cbaca,  435 
Closed  dislocation,  455 

fracture,  374,  385 
Clot  embolism,  265,  289 
Clove  hitch,  456 
Governs  inhaler,  30,  24 
Club-foot,  991 

hand,  978 

non-deforming,  998 
Coagulation  time,  13 
Coagulin  as  hemostatic  agent,  311 
Coaptation  suture,  141 
Cocain  hydrochlorid,  37 

poisoning,  37 
Coed,  42 

Coccygeal  tumors,  553 
Coccygod3mia,  412 
Coccyx,  excision  of,  412 

fracture  of,  412 
Cock's  operation  of  perineal  section,  894 
Codivilla,  non-union  6f  fractures,  386 

transplantations,  450 
Codman  and  Chase  reduction  of  carpal 

dislocations,  464 
Coffee  ground  vomit,  704 
Cohnheim's  theory  of  the  origin  of  tumors, 

214 
Coils,  high  frequency,  14 

induction,  14 
Coin  catcher,  660 
Cold,  159 

abscess,  114,  112,  438 

effects  of,  161,  159    ^ 

gangrene  following,  160 

in  treatment  of  hemorrhage,  3 10 
inflammation,  96 
sprains,  452 
Colectomy,  759 
Coley's  fluid,  231,  50,  220 
Colic,  see  special  regions 
Collapse,  163 

Collateral  circulation,  see  ligations 
CoUes'  fracture,  407,  488 

immunity,  192 
Colloid  carcinoma,  218 


Colloid,  degeneration,  113 

goiter,  579 
Colon,  adenomata  multiple,  749 

carcinoma,  746 

idiopathic  dilatation  of,  734 
Colopcxy,  838,  811 
Color,  abnormal,  in  diagnosis,  6 
Colostomy,  755 
Colpocleisis,  928 
Colporrhaphy,  924,  927 
Columna  nasi,  587 

Columnar  carcinoma,  218,  see  also  special 
regions 

celled  epithelioma,  218 
Coma,  diabetic,  515 

diagnosis  of,  514 

see  unconsciousness 
Combined  abdominal  and  vaginal  hyster- 
ectomy, 954 
Combustio  bullosa,  155 

erythematosa,  155 

escharotica,  155 
Comedo,  Rdntgen  ray  in  treatment  of,  18 
Comminuted  fracture,  374 
Common  carotid  artery,  compression  of, 

313 
ligation  of,  321 

iliac  artery,  ligation  of,  329 
Complement,  49 
Complementophile,  49 
Complete  dislocation,  455 

fracture,  374 

hysterectomy,  951 

inguinal  hernia,  803 

obstruction  of  bile  ducts,  787 

perineal  laceration,  operation  for,  927 
Complicated  fracture,  374 

dislocation,  455 
Complications.of  fractures,  378 
Composite  odontoma,  228 
Compound  dislocation,  455 

follicular  odontoma,  228 

fracture,  374,  384,  385 
treatment,  384 

ganglion,  366 
Compression,  cerebral,  512 

diagnosis,  513 

for  cure  of  aneurysm,  300    • 

fracture,  37S»  5^5 

in  sprains,  453 

in  treatment  of  hemorrhage,  31 1 

in  treatment  of  inflammation,  98 

in  treatment  of  synovitis,  477 

of  the  heart,  274 

of  nerves,  345 
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Compression^  pathological  changes,  512 

symptoms,  512 

treatment,  515 
spinal  cord,  547 
Concealed  menstruation,  954 
Concussion,  511,  see  special  regions 

of  the  heart,  273 
Condensing  ostitis,  430 
Condition,  sociaI>  in  diagnosis,  3 
Condylomata,  198,  197 
Congenital  affections,  see  special  regions 

aneurysm,  296 

cystic  hygroma,  227 

elephantiasis,  344 

fecal  fistula,  733 

fractures,  375 

indirect  inguinal  hernia,  803 

syphilis,  191,  206,  439 

torticollis,  573 
Congestive  dysmenorrhea,  956 
Conical  stump,  1007 
Conjunctivitis,  gonorrheal,  886 

in  anesthesia,  35 
Connective  tissue,  inflammation  of,  see 
cellulitis 

tumors,  220,  215,  228 
Consecutive  hemorrhage,  307 

aneurysm,  296 
Consistency  of  tumors,  240 
Constitutional  treatment,  loi 
Continued  thrombus,  266 
Contraction,  cicatricial,  104 

Dupuytren's,  980 

excessive  104 

Volkmann's,  976 

see  special  regions 
Contre  coup,  516,  519 
Contused  wounds,  143 
Contusions,  139,  138,  see  special  regions 
Convolution  angular,  504 

supramarginal,  504 
Coolidge  tube,  15 

Cooper's  method  of  reducing  dislocations 
of  elbow  joint,  462 

shoulder  joint,  461 
Coracoid,  fracture  of,  395 
Core,  247 
Cornea,  inflammation  of,  207 

ulcer  of,  209 
Corns,  248 

Cornu  cutaneum,  249 
Corona  Veneris,  197 
Coronary  artery,  compression  of,  213 
Coronoid  process,  fracture  of,  405 
Corporeal  endometritis,  935 


Corpus  luteum,  cysts  of,  966 

Corradi's  method  of  treating  aneurysms, 

301 
Corrosive  sublimate,  52 

poisoning,  52 
Corsetage,  149 
Costal  cartilage,  dislocation  of,  465 

fracture  of,  392 
Cotteril  operation  for  hydrocephalous,  529 
Cotton's  method  in  fracture  of  os  calcis, 

430 
Coughing  in  anesthesia,  34 
Counterex tension,  456 
Counterirritation,  100 
Courvoisicr's  law,  788 
Coverings  of  hernia,  801,  see  also  special 

hemije 
Cpwper's  glands,  inflammation  of,  890 
Coxa  valga,  989 

vara,  989,  413 
Coxalgia,  483 
Coxitis,  483 
Cracked  lip,  637 

nipples,  620 

pot  sound,  516 
Craniocerebral  topography,  502 
Craniotabes,  440 
Cranium,  affections  of,  511,  524,  see  head, 

skull,  brain,  cerebral 
Cravat,  81 

Gerdy's  extension,  88 
Creolin,  54 
Crepitus,  377 

in  diagnosis,  8,  7 

in  fractures,  377 

in  joints,  7,  8 
Cretinism,  577 
Crile's  anociassociation,  31 

clamp,  165 

pneumatic  rubber  suit,  165 

treatment  of  shock,  165 
Crisis,  Dietl's,  849 
Crooked  nose,  592 
Crookes  tube,  14 
Crossed  bandage,  79,  80 

embolism,  267 

paralysis,  353,  506 
Croupous  inflammation,  93 
Cryptogenic  septicemia,  168 
Cryptorchism,  902 
Cubitus  valgus,  401 

varus,  401 
Cultures,  see  bacteria 
Cuneiform  osteotomy,  991 
Cup  and  stem  pessary,  945 


INDEX 


1037 


Cupping,  96 
Curettage  of  uterus,  936 

dangers,  936 
Curling's  ulcer,  156 

Curvature    of    legs,    see    genu    varum 
of  spine,  554 
angular,  557 
lateral,  554 
rachitic,  554 
Cushing's  decompression  operation  for  in- 
tracranial pressure,  510 
operation  for  hydrocephalus,  529 
operation  for  penetrating  wounds  of 

the  brain,  523 
operation    for    the    removal    of  the 
Gasserian  ganglion,  353 
Cut  throat,  575 

Cutaneous  defects,  plastic  operations,  256 
gangrene,  multiple  areas  of,  248 
nerves  areas  of  distribution,  359 
neurofibromata,  344 
Cylindrical  celled  epithelioma,  218 
Cylindroma,  231 
C>Ttometer,  Horsley's,  503 
Cystadenoma,  see  special  regions,  216 
C3rstic  duct,  gall-stones  in,  786 
goiter,  579 
hygroma,  572,  227 
lymphangioma,  572 
Cysticercus  cellulosae,  235 
Cysticotomy,  791 
Cystitis,  871 
acute,  872 
chronic,  873 
in  gonorrhea,  886 
in  spinal  affections,  563 
Cystocele,  924,  801 
Cystosarcoma  of  breast,  625 
Cystoscope,  867 
Cystoscopic  pictures,  869 
Cystoscopy,  867 
Cystotomy,  perineal,  880 

suprapubic,  879 
Cysts,  232,  214 

degeneration,  235 
dbtension,  232 
exudation,  232 
bursas,  572 
hygroma,  233 
serous,  232 
extravasation,  232 

blood,  233 
new  formation,  233 
blood,  333 
cysticercus  cellulo6a,^235 


Cysts,  new  formation,  dermoid,  233 
foreign  bodies,  233 
parasitic,  233 
retention,  232 
mucous,  232 
salivary  or  ranula,  232 
wens  or  sebaceous,  254,  232 
see  also  special  regions 
Cytodiagnosis,  545,  210 
Cytophile,  49 

DaCosta's    operation    for    nephropexy, 

863 
Dactylitis,  syphilitic,  439 

tuberculous,  438 
Dakin's  oil,  58 
Dakin's  solution,  56 

Carrel  technic  in.  57,  58 

Daufresne's  method,  56 

hypochlorite  content,* 57 
Dakin  and  Dunham  theor>',  57 
Dandy  differentiation  of  types  of  hydro- 
cephalus, 527 
Dawbarn's     operation     for     inoperable 
growths  about  the  face,  219 

Debridement,  148 
Decapsulation  of  kidney,  864 
Deciduoma  malignum,  954,  219 
Decortication,  pulmonar>'^,  617 
Decubital  gangrene,  132 
Decubitus,  132 

Deformities,  see  special  regions 
Degeneration,  amyloid,  113 

cysts  of,  235 

gummatous,  199 
Dehelley  method,  sequestrotomy,  436 
Delayed  primary  suture,  149 

•   union  of  fractures,  385 
Delbet's  operation  for  varicose  veins,  284 
Delhi  sore,  247 
Delirium,  172 

nervosum,  173 

of  collapse,  174 

traumatic,  173 

treatment,  174 

tremens,  173 
Deltoid  bursa,  373 
De  Morgan's  spots,  252 
Dcmigauntlet  bandage,  82 
Dental  cysts,  648 

nerve,  inferior,  resection  of,  352 
Dentate  fracture,  374 
Dentigerous  cyst,  228,  649 
Deodorizer,  51 
Depressed  fracture,  374 
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Depressed  scar,  105 

of  skull,  516 
Dermatoses,  precancerous,  252 
Dermoid  cysjts,  233,  641 

see  also  special  regions 
Desault's  bandage,  84,  394 
Desjardin's  pancreatic  point,  795 
Desmoid,  365 
Diabetes,  129 

traumatic,  166 
Diabetic  coma,  515 

gangrene,  129 
Diagnosis,  general  remarks  on,  i 

of  tumors,  235 

see  special  regions 
Diapedesis,  92 
Diaphany,  6 

Diaphoretics  in  sepsis,  172 
Diaphragmatic  hernia,  817 

rupture,  81;^ 
Diaphysitis,  432 
Diarrhea,  chylous,  335 
Diastasis,  376 

of  recti  abdominis  muscles,  816 
Dichloramin-T,  Lee's  technic,  58 

solution,  56,  58 
for  bums,  158 
Diet  before  operation,  65 
Dietl's  crisis,  849 
Differential  blood  count,  13 
Diffuse  aneurysm,  296 

hydrocele  of  the  cord,  911 

phlegmon,  177 

septic  osteomyelitis,  432 
Digital  compression  of  arteries,  301 

chancre,  194 
Dilatation,  see  special  regions 
Dilger,  treatment  of  delayed  union  in 

fractures,  386 
Diphtheritic  inflammation,  93 
Diplococci,  42 
Diplococcus  gonorrheae,  885 

intracellularis  meningitidis,  530 
Direct  fracture,  375 

gangrene,  132 

inguinal  hernia,  804 
Disarticulations,  999 
Discission  of  lung,  617 
Discoloration  in  diagnosis,  6 

in  inflammation,  104 
Disinfectant,  51 
of  hand,  64 
Disinfection,  42,  see  sterilization 
Dislocations,  453 
compound,  457 


Dislocations,  congenital,  453 

old  unreduced,  457 

pathological,  455 
traumatic,  455,  456 
treatment,  456 

see  also  special  regions 
Dissecting  aneurysm,  296 
Dissection  wounds,  152 
Distention  cysts,  232 

of  bladder,  870 
Distortions  by  X-ray,  1 7 
Disunited  fracture,  386 
Diuretics,  in  sepsis,  172 
Diurnal  pollutions,  900 
Diverticulitis,  734 
Diverticulum  of  esophagus,  657 

of  Meckel,  733 
Dobbertin's  pyloroplasty,  724 
Dorrance    and    Ginsburg's    method    for 

transfusion  of  blood,  286 
Dorsal  abscess,  559 

dislocation  of  hip,  467,  466 
Dorsalis  pedis  artery,  ligature  of,  334 
Double-barrel  stenosis,  735 
Double  incUned  plane,  418 

pedunculated  flap,  259 

T-bandages,  85 
Douche,  99 

Dowd's  operation  for  cancer  of  lip,  638 
Drainage  materials,  71 

indications  for,  70 

for  infection,  73 

objections  to,  71 

of  wounds,  71 

material,  71 

tubes,  71 
Dressings,  62 

changed,  73 

fixed,  89,  76 

of  wound,  71 
Dry  gangrene,  126 
Dubreuil's  amputation  at  the  wrist  joint, 

lOIO 

Duchenne-Erb  paralysis,  355 
Duct  cancer  of  breast,  627 

papilloma  of  breast,  625 
Dudley's   operation   for   antevenion   of 

uterus,  939 
Duga's  sign,  459 
Dunham  and  Moschowitz  treatment  in 

pyothorax,  614 
Duodenal  ulcer,  732 
Duodenocholedochotomy,  792 
Duodenojejunal  hernia,  819 
Duodenostomy,  754 


INDEX 


1039 


Duodenum,  stenosis  of,  733 

ulcer  of,  732 
Dupu>tren*s  amputation,  1014 

classification  of  burns,  155 

contraction,  980 

fracture,  427,  471 

splint,  428 
Duraendothelioma,  230 
Dura  mater,  hematoma  of,  529 

inflammation  of,  529 

injuries  of,  520 
Dural  separator,  Horsley's,  508 
Duration,  in  diagnosis,  4,  5 

of  tumor,  236 
Dyes  as  disinfectants,  55 
Dysentery,  51 
Dysmenorrhea,  955 

congestive,  956 

mechanical  or  obstructive,  956 

membranous,  956 

neuralgic,  955 

ovarian,  956 
Dyspeptic  ulcer  of  tongue,  644 
Dystrophia  adiposogeni talis,  537 

Ear,  affections  of,  566 

accessory  auricles  of,  566 

atresia,  566 

congenital  fistulae  and  sinuses,  566 

foreign  bodies,  567 

hematoma,  566 

hemorrhage  from,  518 

sterilization  of,  67 

wounds,  566 
Ebumated  osteoma,  225 
Ecchondroma,  224 
Ecchondrosis,  224 
Ecchymosis,  138,  6 
Echinococcus,  234 

see  also  special  regions 

cysts,  233 
Eck's  fistula,  777 
Ecthyma  S)rphilitic,  197 
Ectocy^t,  233 
Ectopia  testis,  902 

vesicae,  866 

viscerum,  814 
Ectopic  kidney,  843 

pregnancy,  961 
Ectotozin,  45 
Ectrodactylism,  979 
Eczema,  of  nipple,  621 
Eczematous  ulcer,  122 
Edebohl's  operation  for  floating  kidney, 
863 


Edema,  7 

angioneurotic,  603 

anthrax,  186 

hysterical,  7 

in  diagnosis,  7 

lymphatic,  336 

malignant,  42 

see  special  regions 
Eflleurage,  98 
Effusion  into  joints,  490 
Ehrlich's  theory  of  immunity,  48 
EhrUch's"6o6,"203 
Eighth  nerve,  injuries  of,  354 
Elastic  bandage,  122 
Elbow  joint,  ankylosis  of,  494 

disarticulation  of,  1012 

dislocation  of,  462 
varieties,  462 

effusion  into,  476 

examination  of,  400 

excision  of,  496 

fractures  of,  401 

tuberculosis  of,  482 
Electrical  injuries,  i6z 

symptoms,  162 

treatment,  162 
Electricity  for  affections  of  nerves,  346 

muscles,  346 
Electrohemostasis,  310 
Electrolysis  for  aneurysm,  301 

for  angioma,  227 

for  cirsoid  aneurysm,  294 

for  goiter,  580 

for  keloid,  254 

for  uterine  fibroids,  948 
Elephantiasis,   336 

Arabum,  336 

Grsecorum,  190 

neuromatosa,  344 

of  tongue,  643 

pseudo,  336 
Elephantoid  fever,  336 
Elevation  in  hemorrhage,  310 

in  inflammation,  95 
Eleventh  nerve,  affections  of,  354 
Elliptical  method  of  amputating,  1004 
Elsberg  apparatus  in  anesthesia,  27 
Siting's  method  in  operation  for  fistulx 

in  ano,  834 
Embolic  aneurysm,  296 

gangrene,  130 
Embolism,  267 

air,  270 

symptoms,  270 
treatment,  270 
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Embolism,    diagnosis  between  embolism 
and  thrombosis,  268 

effects  of,  267 

fat,  271 
symptoms,  271 
treatment,  272 

pulmonary,  269 

site  of  impaction,  267 

symptoms,  268 

treatment,  269 
Embryonic  tissue,  92 

tumors,  214 
Emissions,  involuntary  seminal,  900 
Emmet's  method  for  treating  inversion  of 
uterus,  946 

perineorrhaphy,  925 

trachelorrhaphy,  933 
Emphysema,  611 

in  diagnosis,  7 

subcutaneous,  263 
Emphysematous  gangrene,  134 
Emprosthotonos,  179,  11 
Empyema,  aspiration  of,  614 

necessitatus,  613 

of  antrum,  597 

of  appendix,  766 

of  frontal  sinuses,  596 

of  gall-bladder,  780,  786 

of  joints,  477 

of  pericardium,  275 

of  pleural  cavity,  613 
Enantobiosis,  46 
Encapsulated  empyema,  613 
Encephalitis,  529 
Encephalocele,  525 

of  breast,  626 
Encephaloid  carcinoma,  218 
Enchondronfik,  224 
Encysted  hydrocele  of  cord,  91 1 
testis,  911 

infantile  hernia,  804 
Endarteritis,  290,  199 

obliterans,  291 
Endoaneurysmorrhaphy,  303 
Endocervicitis,  935 
Endocyst,  233 
Endospore,  42 
Endotoxin,  45 
End-to-end  anastomosis,  of  blood-vessels, 

317 
of  bowels,  760 
of  nerves,  347 
of  ureter,  865 
of  vas  deferens,  912 
Endometritis,  934,  935 


Endometritis,  varieties,  934,  935,  936 
Endostosis,  225 
Endothelial  cancer,  230 
Endothelioma,  341,  230 
Enlarged  prostate,  915 
Enterectomy,  758 
Enteroanastomosis,  760 
Enterocele,  801 
Enteroclysis,  165,  288 
Enteroepiplocele,  801 
Enteroliths,  748 

Enteroperitoneal  tuberculosis  of  the  intes- 
tine, 739 
Enteroptosis,  739 
Enterorrhaphy,  754 

circular,  760 
Enterospasm,  748 
Enterostomy,  754 
Enterotomy,  753 
Enterovaginal  fistula,  928 
Enucleation  of  thyroid  tumors,  580 

uterine  fibroids,  vaginal,  949 
Enzymes,  44 
Eosinophilia,  13 
Epicritic  nerve  fibers,  346 
Epidemic  cerebrospinal  meningitis,  530 
Epidermic  inlay,  261 
Epidermization,  103 
Epididymis,  cysts  of,  911 
Epididymitis,  904 

syphilitic,  906,  198 

tuberculous,  905 
Epigastric  hernia,  816 
Epiglottis,  ulceration  of,  603 
Epilepsy,  537,  538 
Epiphyseal  diastasis,  376 

separation  in  diagnosis,  7 
Epiphyses,  separation  of,  376,  3  75 
Epiphysitis,  432 

syphilitic,  440 
Epiplocele,  801 

Epiplopexy,  operation  of,  for  ascites,  777 
Epispadias,  882 

complete,  866 
Epispastics,  100 
Epistaxis,  592 
Epithelial  odontoma,  227,  649 

tumors,  215 
benign,  215 
adenoma,  216 
papilloma,  215 
treatment,  216 
malignant  or  carcinoma,  216 
epitheKoma,  217 
glandular  or  acinous,  218 


INDEX 


1 041 


Epithelial   tumors,   malignant  or  carci- 
noma, treatment,  219 
see  also  special  regions 
Epithelioma,  217,  195,  196 
Epulis,  649,  230 
Equinia,  187 
Erasion,  495 
Erethistic  shock,  164 
Ergot,  gangrene,  130 
Erosion,  aneurysmal,  296 
Eruption,  fever  of,  196 
Erysipelas,  175,  174 

cause,  174 

curative  action  of,  in  sarcoma,  231 

neonatorum,  175 

salutaire,  175 

symptoms,  174 
Erysipeloid,  176 
Erythema,  155 

contusiformis,  245 

gangrenous,  248 

nodosum,  245 

sjrphilitic,  197 
Erythromelalgia,  999 
Esmarch  band,  312,  40 

cold  coil,  96 

inhaler,  28 

mask,  28,  29 

method  of  amputation  of  the  hip, 
1024 

tendon  lengthening,  369 
Esophageal  bougies,  660 
Esophagectomy,  663 
Esophagismus,  660 
Esophagoplasty,  664,  662 
Esophagoscope,  656 
Esophagostomy,  662 
Esophagotomy,  659,  662 
Esophagus,  affections  of,  656 

atresia  of,  657 

bums  of,  159 

congenital  malformations  of,  657 

dilatation  of,  658 

diverticula  of,  657 

excision  of,  663 

fistula  of,  657 

foreign  bodies  in,  659 

idiopathic,  658 

rupture  of,  610 

sterilization  of,  65 

stricture  of,  660 

fibrous  or  cicatricial,  661 
inorganic  or  spasmodic,  660 
matignant,  662 
oigaiik,  661 


Esophagus,  wounds  of,  658 

Estlander's  operation  of  thoracoplasty, 

617 
Ether,  24,  54,  35,  28,  21 

contraindications  to  use  of,  21 

pneumonia,  35 

stages  of,  25 
Ethmoid,  diseases  of,  597 
Ethyl  bromid,  31 

chlorid,  30,  22,  21 
Eucain  hydrochlorid,  uses  of,  37 
Eupad,  56 
Eusol,  56 

Evacuator,  Bigelow's,  878,  602 
Evaporating  lotions,  97 
Ewart^s  sign,  275 
Examination,  general,  10,  11 

for  tumor  diagnosis,  244,  238 
Excessive  callus,  379 

Excision  of  joints,  495,  see  also  special 
joints 

of  tumors  for  examination,  243 
Exclusion  of  intestine,  764 

of  pylorus,  723 
Excoriation,  139 
Exfoliative  endometritis,  936 
Exhaustion,  163 
Exomphalos,  814 
Exophthalmic  goiter,  582,  19 
Exophthalmos,  582 
Exostoses,  225 
Exothymopexy,  584 
Exothyreopexy,  580 
Explosive  fracture  of  skull,  516 
Exploratory  incision,  6 
Extension,  Buck's,  414,  418 
External  anthrax,  186 
prognosis,  187 
treatment,  187 

epicondyle  fracture,  403 

carotid  artery,  ligation  of,  322 

iliac  artery,  compression  of,  313 
ligation  of,  330 

hemorrhage,  307 

inguinal  hernia,  802 

popliteal  nerve,  affections  of,  360 

urethrotomy,  894 
Extirpation  of  aneurysm,  304 
Extraarticular  fractures,  374 
Extracapsular  fracture  of  femur,  415 
Extracranial  complications  of  otitis  media, 

567 
Extradural  abscess,  532 

hemorrhage,  5i9»  55i 
Extragenital  chancres,  194 
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Extramedullary  hemorrhages,  spinal,  555 
Extraparietal  inguinal  hernia,  805 
Extraperitoneal  rupture  of  bladder,  674 

of  tubal  gestation,  961 
Extrauterine  pregnancy,  961,  963 
Extravasation  cysts,  232 

of  blood,  138 

of  urine,  884 
Extra  vesical  prostatectomy,  918 
Extremities,  975 

movements  of,  in  anesthesia,  25 
Extroversion  of  bladder,  866 
Exuberant  granulations,  103 
Exudation,  91 

cysts,  232 
Eye,  bandages  of,  79,  80 

fatigue  in  operations,  69 

Facial  artery,  compression  of,  313,  324 
ligation  of,  321 

cleft,  636 

expression,  in  diagnosis,  10 

nerve,  affections  of,  353 

neuralgia,  350 

paralysis,  353,  567 

vein,  thrombophlebitis,  248 
Facies,  Hippocratica,  11 

in  diagnosis,  iz 

ovariana,  967 
Fallopian  tubes,  affections  of,  957 

congenital  abnormalities  of,  957 

displacements  of,  957 

inflammation  of,  957 

pregnancy  in,  961 

tuberculosis  of,  960 

tumors  of,  961 
False  ankylosis,  494 

incontinence  of  urine,  870 

joints,  385 

keloid,  253,  220,  105 

neuroma,  343 

passages,  895 
Farcy,  187 
Fascia  strips  for  suture,  62 

transplantation,  370 
Fasciotomy,  993 
Fat  embolism,  271 

necrosis,  794 

transplantation,  263 
Fatty  tumors,  see  lipwma 
Fauces,  erysipelas  of,  1 76 
Favus,  $1 

RGntgen  rays  in  treatment  of,  18 
Fear,  abolished  in  anesthesia,  31 
Fecal  fistula,  927,  928,  758 


Fecal  fistula,  umbilical,  677 

impaction,  749 
Feeding,  nasal,  182 
Fell-O'Dwyer  apparatus,  34,  612 
Fell's  method  of  artificial  respiration,  34 
Felon,  981 

subcutaneous,  981 
subcuticular,  981 
subperiosteal,  981 
synovial  or  thecal,  982 
Fenude  genital  organs,  examination  of, 

919 
Femoral  adenitis,  338 

artery,  compression  of,  313 

ligation  of,  331 
hernia,  812,  805 
operation  for  radical  cure,  812 
signs,  812 

strangulated,  821,  132 
vein,  inflammation  of,  277 
Femur,  fracture  of ,  41 2 
condyles,  420 
extracapsular,  415 
intracapsular  fracture  of  neck  of, 

412 
longitudinal,  421 
shaft,  417 
symptoms,  417 
treatment,  417 
supracondylar,  420 

T-  or  Y-shape,  420 
trochanters,  416 

separation  of,  416 
upper  extremity,  41 2 
separation  of  lower  epiphysis,  420 

upper  epiphysis,  416 
supracondyloid  amputation,  1021 
Ferguson's  amputation  at  the  ankle  joint, 
1017 
speculum,  919 
Ferments,  44 
Ferrarini  operation  for  salivary  fistula, 

642 
Fever,  166 

adynamic,  167 

aseptic,  166,  170 

asthenic,  167 

catheter,  895 

Charcot's  intermittent,  779,  787 

cocain,  37 

elephantoid,  336 

fracture,  377 

hectic,  167, 113 

hemorrhagic,  308 

hepatic,  774 
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Fever,  inflammatory,  167 

iodoform,  55 

post-operative  (Chapter  XII) 

reactionary,  166 

resorption,  166 

septic,  167 

splenic,  185 

sthenic,  167 

syphilitic,  196 

urethral,  895 
Fibrinous  inflammation,  93 
Fibroadenoma,  216 
Fibroblasts,  102,  92 
Fibrocystic  disease  of  jaw,  227,  649 
Fibroids  of  uterus,  947 
Flbrolipoma,  221,  222 
Fibromata,  220 
Fibromyoma,  225,  947 

of  uterus,  947 
Fibrosarcoma,  230 
Fibrosis,  arteriocapillary,  290 
Fibrous  ankylosis,  491 

epulis,  230 

goiter,  579 

odontoma,  228 

polyps,  594 

tissue  formation,  102 

union  of  fractures,  385 
Fibula,  dislocation  of,  471 

fracture  of,  425,  426 

upper  end,  425 

shaft,  426 
Fifth  nerve,  operations  on,  350 
Figure  8  bandage,  77 

for  neck  and  axilla,  83 

of  leg,  87 

of  shoulders,  84 
Filaria  sangunis  hominis,  336,  394, 

267,  13 
Fingers,  amputations  of,  1008 

chancre  of,  194 

deformities  of,  979 
Finney's  pyloroplasty,  725 
Finsen  light  in  treatment  of  epithelioma, 
252 

lupus,  251 

tuberculosis,  211 
Fission  fungi,  42 
Fissure  of  Bichat,  503 

longitudinal,  502 

parietooccipital,  504 

Rolando,  503 

Sylvius,  504,  503 
Fissured  fracture,  374 

of  skull,  516 


Fissures  of  nipple,  620 

Fistula,  125,  see  also  special  regions 

lymphatic,  336 
Flagella,  see  bacteria 
Flail  joint,  495 
Flapless  amputation,  1006 
Flap  splitting  perineorrhaphy,  926 
Flaps  in  amputations,  1002 

direct  transference,  258 

indirect  tranfserence,  258 

pedunculated,  257 

sliding,  259 

sloughing  in,  1006 
Flat-foot,  994 

plate,  996 
Floating  kidney,  849 
Fluctuation,  7. 

Fluhrer's  aluminium  probe,  523 
Fluid  tumors,  240 
Fluoroscope,  16,  15 

localizing  foreign  bodies  by,  z6 
Flush  tank  symptom,  851 
Focal  epilepsy,  538 
Foerster's  operation,  544 

for  resection  of  posterior  roots  of 
spinal  cord,  544 
Follicular  goiter,  579 

odontoma,  228 
Fomentation,  99 
Food,  after  operation,  73 
Foot,  amputations  of,  1014 

bandage,  86 

deformities  of,  991 

drop,  361 

fractures  of  phalanges,  430 

hollow,  996 

perforating  ulcer  of,  999 
Forbes'  amputation  of  foot,  1017 
Forcipressure  treatment  in  hemorrhage, 

314 
Ford's  suture,  141 
Forearm,  amputation  through,  loio 

dislocation  of,  462 

fracture  of  both  bones,  408 
Foreign  bodies,  see  special  regions 

Rontgen  rays  in  diagnosis  of,  16 
Formaldehyd,  54 
Formalin,  54 

Forward  dislocation  of  hip,  468,  466 
Fossa,  fractures  involving,  518 
Four-tailed  bandage,  80 
Fourth  nerve,  paralysis  of,  350 
Fowler's  operation  of  pulmonary  decorti- 
cation, 617 

position,  681 
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Fractional  sterilization,  60 
Fracture  box,  396 

dislocation,  385,  427,  455 

fever,  377 
Fractures,  374,  see  also  special  bones 

causes  of,  375 
exciting,  .375 
predisposing,  375 

complications  of,  378,  385 

diagnosis  of,  378,  7 

repair  of,  378 

Rdntgen  ray  in  diagnosb  of,  16, 378 

signs  of,  377 

special,  386 

treatment  of,  379,  384 
ambulatory,  381 
operative,  381 
reduction  or  setting,  380 
restoration  of  function,  381 
retention  of  immobilization,  380 
ununited,  385 

varieties  of,  374 
Fragilitas  ossium,  442 

varieties,  442 
Frank's  operation  of  gastrostomy,  707 
Free  transplantation  in  neurorrhaphy,  348 

of  fascia,  370 
Freezing,  159 

anesthesia,  37 

symptoms,  161 

treatment,  161 
French  method  of  rhinoplasty,  591 
Friction,  100 

Friedel's  operation  for  varicose  veins,  283 
Friedreich's  sign,  277 

operation  for  phthisis  pulmonalis,  618 
Frog  nose,  586 
Frontal  sinuses,  affections  of,  596 

empyema  of,  596 

hydrops  of,  596 

inflammation,  596 

trephine  of,  597 

tumors  of,  597 
Frost  bite,  159 

gangrene  in,  160 

symptoms,  159 

treatment,  160 
Fulguration,  219 
Fulminating  appendicitis,  767 
Fumigation    by    mercury    in    treating 

syphilis,  202 
Fungi,  see  bacteria 
Fungus  cerebri,  524 

hematodes,  218 

testis,  906 


Funicular  inguinal  hernia,  803 
Furbringer's   method   of  sterilization  of 

hands,  64 
Furuncle,  247 
Fusiform  aneurysm,  296 

Gait  in  diagnosis,  11 
Galactocele,  633 
Gall-bladder,  affections  of,  780 

new  gall-bladder,  791 

papilloma  of,  780 

rupture  of,  672 

stones  in,  785 
Gall-stones,  781 

in  intestine,  748 

pancreatitis  due  to,  793 

symptoms  of,  783 
Ganglion,  365 

compound  palmar,  366 
Gangrene,  126 

direct,  132 
bed  sores,  132 
bums  and  scalds   (Chapter  XI), 

155 
corrosive  chemicals,  133 

crushes,  132 

frost    bites    (Chapter    XI),    155. 

159 
prolonged  pressure,  132 

X-ray,  134 
dry,  126,  131 
emphysematous,  134 
etiology,  127 
indirect,  127 

Ainhum,  130 

diabetic,  129 

embolic,  130 

ergot,  130 

ligature  of  principal  artery,  131 

obstruction  of  principal  artery  and 
vein,  131 

post-febrile,  129 

presenile,  128 

Raynaud's  or  symmetrical,  1 29 

spontaneous,  128 

thrombosis  of  artery,  131 

treatment,  128 
microbic,  127,  134 

emphysematous,  134 

hospital,  134 

malignant  edema,  134 

multiple  cutaneous  areas,  248 
moist,  126 
signs  of,  126 
termination,  127 
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Gangrenous  appendicitis,  767 

cellulitis,  177 

inflammation,  93 

pancreatitis,  795 

stomatitis,  136 

urticaria,  248 
Garre-pneumectomy  operation,  618 
Gartner's  duct,  cyst  of,  967,  232 
Gaseous  swelling  in  tumor,  240 
Gas  gangrene,  symptoms  of,  135 

treatment,  136,  134 
Gasoline,  54 

Gasserian  ganglion,  removal  of,  352 
Gastrectasia,  699 
Gastrectomy,  725 

complete  or  total,  732 

partial,  725 

subtotal,  726 

Stewart's  method,  728 
Gastric  fistula,  698    . 

hemorrhage,  694 

lavage,  706,  23 

tetany,  695 

ulcer  and  its  effects,  689 
Gastritis  obliterans,  706 
Gastrodiaphany,  702 
Gastroenterostomy,  698 

vicious  circle  after,  722 
Gastrogastrostomy,  697 
Gastrointestinal    tract,    sterilization    of, 

65 
Gastrojejunostomy,  728 

Gastrolysis,  695 

Gastromesenteric  ileus,  700 

Gastropexy,  711 

Gastroplasty,  697 

Gastroplication,  711 

Gastroptosis,  703 

Gastrorrhagia,  694 

Gastrostomy,  707,  663 

Gastrotomy,  707 

Gaucher's  disease,  79^ 

Gauntlet  bandage,  83 

Gauze  bandage,  76 

pads,  62 
Gelatin  as  a  hemostatic,  310 

injection  of  aneurysms,  300 
Gelatinous  carcinoma,  218 
General  anesthesia,  21 

lymphadenosis,  339 
Genital  chancre,  194 

organs,  female,  919 
male,  882 
Genitourinary  canal,  843 
Genupectoral  position,  940 


Genu  recurvatum,  991 

rhachiticum,  989 

staticum,  990 

valgum,  989 

varum,  990 
Gerdy's  extension  cravat,  88 
Germicide,  52,  51 
Germinal  infection,  46 
Gerster's   operation   for   amputation   of 

breast,  629 
Giant-celled  sarcoma,  230 
Gibson's  bandage,  78 

operation,  755 
Giere-pneumectomy  operation,  618 
Gigli  saw,  508 

Gilles'  modification  in  rhinoplasty,  589 
Gilliam-Ferguson  operation  of  shortening 

the  round  ligaments,  943 
Girard,  pyloroplasty,  724 
Glanders,  187,  188 
Glands,  lymphatic,  affections  of,  340 

mah'gnant,  340 

mesenteric,  687 
Glandular  carcinoma,  218 
Glass  arm,  362 
Glaucoma,  361 
Gleet,  88s 

Gldnard's  disease,  739 
Glioma,  228 
Gliosarcoma,  228 
Gliosis,  228 
Globus  hystericus,  660 
Glossitis,  643 

acute  parenchymatous,  643 
superficial,  643 

chronic  superficial,  643 
sjrphilitic,  645 
Glossopharyngeal    nerve,    affections    of, 

354 
Glottis,  bums  of,  159 

edema  of,  603 
Glover's  stitch,  140 
Gluteal  artery,  ligation  of,  330 
Glutol,  54 
Glycosuria,  36 

symptoms  after  anesthesia,  36 
Goddard  pessary,  945 
Goiter,  578 

carcinoma  in,  579 

heart,  583 

symptoms,  579 

treatment,  580 

varieties,  578 
form  fruste,  583 
Gonococcus,  885, 107,  44 
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Gonorrhea,  885  . 

acute  treatment,  887 

chronic  treatment,  888 

complications,  886 

prophylaxis,  887 

U.  S.  military  regulations  in  treat- 
ment, 887 
Gonorrheal  arthritis,  479,  886 

conjunctivitis,  886 

cystitis,  886 

epididymitis,  886 

iritis,  886 

proctitis,  886 

rheumatism,  479,  433 

rhinitis,  886 

sclerotitis,  886 

serum,  479 

synovitis,  477 

tenosjrnovitis,  365 

urethritis,  885 
Gooch's  flexible  wooden  splints,  381   • 
Goodell's  speculum,  9x9 

uterine  dilator,  932 
Gouty  arthritis,  487 

deposits  in  burss,  373 

neuritis,  342 
Graduated  compress,  31  z 
Grafting,  bone,  436 

free  fat  transplantation,  263 

mucous  membrane,  263 

nerve,  348 

skin,  260 
Mangoldt's,  263 
pedunculated  flap,  257 
Reverdin*s,  262 
Thiersch,  260 
Wolf's,  260 

tendon,  370 
Granny  knot,  142 
Granulation  tissue,  102 

exuberant,  103 
Gravel,  856 
Graves'  disease,  582 
Great  sciatic  nerve,  affections  of,  360 
Greenish  discoloration,  in  diagnosis,  6 
Greenstick  fracture,  374 
Grey's  salt  sac  drain,  152 
Gritti's      supracondyloid      amputation, 

1021 
Grossich  method  of  disinfection,  66 
Growth  of  tumors,  237 
Guillotine,  1006    . 
Gum  boil,  648 

Gumma,  199,  see  also  special  regions 
Gummata,  tuberculous,  250 


Gummatous  arthritis,  480 

degeneration,  199 

osteomyelitis,  439 

synovitis,  480 
Gums,  epithelioma  of,  650 
Gun  powder  stains,  146 
Gunshot  fracture,  375,  381 

wounds,  144 
Gutta-percha,  uses  of,  in  bone  cavities, 

436 
Gutter  fracture,  516 
Gynecomazia,  622 

Habit,  in  diagnosis,  4 
Hahn's  tracheotomy  tube,  607 
Hallux  rigidus  (H.  flexus),  998 

valgus,  997 
Halstead's  operation  for  amputation  of 
breast,  628 

subcuticular  stitch,  141 

suture,  intestinal,  754 
Hammer  nose,  586 

toe,  998 
Hammond's   wire  splint   for  fracture  of 

lower  jaw,  389 
Hanche  k  ressort,  988 
Hand,  amputation  of,  1008 

deformities  of,  977 

ulcerating  gumma,  199 
Handkerchief  bandages,  78 

for  lower  extremities,  88 

for  suspending  breast,  86 

for  upper  extremities,  83 
Handley,  treatment  of  lymphedema,  336 
Hands,  sterilization  of,  64 
Haptophore,  49 
Hard  corns,  248 
Hardening  in  tumors,  241 
Hare-lip,  634 
Harrison's  sulcus,  441 
Hartley-Krause  operation  for  removal  of 

Gasserian  ganglion,  352 
Hartman's  operation  for  gastrostomy,  707 
Head,  500,  see  fractures  of  skull 

injuries  of  brain,  cerebral 
Healing  of  wounds,  see  repair 
Heart,  compression  of,  273 

concussion  of,  273,  610 

fetal  sounds  in  diagnosis,  9 

massage  of,  274,  34 

overdistension,  272 

wounds  of,  272 
diagnosis,  273 
symptoms,  272 
treatment,  274 
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Heat  in  hemorrhage,  310 

inflammation,  99,  94 

treatment  of  inflammation,  99 
Heberden*s  nodes,  488 
Hectic  fever,  113,  167 

flush,  113 
Hedonal  in  anesthesia,  28 
Hegar's  operation  for  laceration  of  peri- 
neum, 926 
Height,  in  diagnosis,  10 
Heineke-Mikulicz   operation    of    pyloro- 
plasty, 725 
Heiioalpintherapy,  211 
Heliotherapy  in  tuberculosis,  211 
Hemangioendothelioma,  230 
Hemangioma,  226 
Hemarthrosis,  490 
Hematemesis,  694 
Hematocele,  pelvic,  972 

of  cord,  806 

scrotal,  912 
Hematocolpos,  923 
Hematogenous  jaundice,  168 
Hematoma,  138 

arterial,  293 

of  abdominal  walls,  670 

of  dura  mater,  529 

of  ear,  566 

of  scalp,  500 
Hematometra,  923,  931,  970 
Hematomyelia,  551 
Hematorrhachis,  551 
Hematosalpinx,  923,  958 
Hematuria,  846,  268 

essential,  850 
Hemianopsia,  506 
Hemiglossitis,  643 
Hemoglobin,  12 
Hemoglobinuria,  846 
Hemolysb,  14 
Hemolytic  jaundice,  798 

tests,  14 
Hemopericardium,  275 
Hemophilia,  318,  850 

joints  in,  490 
Hemopneumothorax,  611 
Hemoptysis,  694,  610 
Hemorrhage,  306 

bandage  for,  80 

constitutional  symptoms,  307 

diagnosis,  309 
from  shock,  164 

natural  arrest,  308 

r6sum6,  317 

see  special  regions 


Hemorrhage,  treatment,  310 
acupressure,  313 
cold,  310 
compression,  311 
elevation,  310 
forcipressure,  314 
heat,  310 
ligation,  314 
styptics,  310 

suture  of  blood  vessels,  315 
torsion,  314 
varieties,  306 
Hemorrhagic  diathesis,  318 

effusion  in  pericardium,  275 
fever,  308 
infarct,  268 
inflammation,  93 
Hemorrhoids,  834 
external,  835 

treatment  of,  835 
internal,  835 

treatment  of,  835 
Hemostasis,  30S,  139 

varieties,  308,  309 
Hemostatic  forceps,  314 
Hemostatics,  311 
Hemothorax,  307 
Henderson,  respiratory  failure,  33 
Hepatic  abscess,  774 
colic,  668,  788 
cysts,  787 
duct,  stone  in,  788 
Hepaticocholangioenterostomy,  792 
Hepaticotomy,  792 
Hepatopexy,  776 
Hepatoptosb,  776 
Hepatotomy,  775 
Hereditary  syphilis,  206,  191 
Hermaphrodism,  921 
Hernia,  799,  see  also  special  regions 
accidents  of,  820 
appendix  in,  801 
bladder  in,  801,  811 
causes  of,  799 
cecum  in,  801 
cerebri,  523 
contents  of,  801 
coverings  of,  801 
en  bissac,  805 
foreign  bodies  in,  801 
hour-glass  sac,  799 
hydrocele  of  sac^  799 
incarceration  of,  820 
inflammation  of,  820 
intestine  in,  801 
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Hernia,  irreducible,  820 

mouth  of,  7^ 

obstructed,  820 

sac  of,  799 

signs  of,  802,  805 

sliding,  801 

special,  802 

strangulated,  821 

complications  after  taxis  for,  821 
operative  treatment  of,  see  special 

regions 
signs  and  symptoms  of,  823 
taxis  in,  821 

stretching  in,  105 

structure  of,  799 

traumatic,  800 

treatment  of,  802,  see  special  regions 

varieties  of,  802 
Herniotomy,  823 
Herpes,  gangrenous,  248 

labialis,  637 
Herpetic  ulceration,  195 
Herpetiform  syphilide,  197 
Hesselbach's  triangle,  804 
Hexamethyl  violet,  55 
Hexamethyleamin,  66,  507 
Hey's  amputation,  1015 
Hiccough,  34 
Hilton's  niethod   of  opening   abscesses, 

I",  575 
Hind  gut,  826 

Hip,  ankylosis  of,  485 

diagnosis  of  injuries  about,  416 
disease,  483 

diagnosis  from  sacroiliac  disease,  483 
dislocation  of,  congenital,  453 

traumatic,  455 
effusion  into,  476 
excision  of,  497 
varieties  of,  466,  467,  468 
Hip-joint,  amputation  at,  1023 
anterior  incision  of,  497 
disease,  483 
osteoarthritis  of,  489 
tuberculous  disease  of,  483 
Hippocratic  face,  11 
Hirschsprung's  disease,  734 
History  in  diagnosis,  4 

of  tumors,  235 
Hodgen's  splint,  418 
Hodgkin's  disease,  339,  14 
Hoffa's  operation  for  congenital  displace- 
ment of  hip,  454 
Hoffmeister's  method  of  sterilizing  catgut, 
60,  61 


Hollow  foot,  996 

Hopkin's  dressing  for  fractored  patelia, 

422 
Horn,  249 

sebaceous,  254 
Horse  hair,  62 

probang,  660 
shoe  kidney,  844 
Horsley's  cjrrtometer,  503 
dural  separators,  508 
operation  for  the  removal  of  the  Gas- 

serian  ganglion,  353 
wax,  510 
Hot  air  apparatus,  99 
Hottentot  apron,  921 
Hour  glass  stomach,  695 

hernia,  799 
Housemaid's  knee,  373 
Howard  method  of  artificial  respiratioo, 

34 
Howship's  lacunae,  438 

Hudson's  burrs,  508 

modification  of  the  DeVilbiss  forceps, 

509 
Hull's  paraffin  treatment  of  boms,  157 

Humerus,  dislocation  of,  459 

condyles,  404 

fractures  of,  395 
anatomical  neck,  395 
treatment,  397 

head,  398 

intercondyloid,  403 

lower  extremity,  400 

separation  of  epiphysis,  lower,  404 
upper,  398 

shaft,  399 

supracondyloid,  400,  401 

surgical  neck,  397 

triangle  splint,  397 

tuberosities,  398 
Hunter's  canal,  ligation  of  femoral  artery 
in,  331 

operation    for    aneurysm,    302 
Hunterian  chancre,  193 
Huntington's  operation  for  transplanting 

bone,  450 
Hutchinson's  teeth,  207 
Hydatid  cysts,  233,  see  also  special  regioiit 

disease,  7 

moles,  225 

of  Morgagni,  966 
Hydrargyrism,  202 

Hydrarthrosis,  477,  see  hydrops  articuli 
Hydrocele,  909,  see  also  special  regions 

bilocular,  911 
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Hydrocele,  chylous,  912 

congenital,  911,  805 

encysted,  of  cord,  911,  806 
testis,  911,  806 

idiopathic,  909 

infantile,  911 

inguinal,  911 

of  hernial  sac,  799 

of  neck,  571 

tapping,  method  of,  910 

treatment  of,  910 

vaginal,  909 

varieties  of,  909 
Hydrocephalus,  525 

varieties,  525 
Hydroencephalocele,  525 
Hydrogen  peroxid,  54 

neutralized  by,  54 
Hydrometra,  931 
Hydronephrosis,  850 
Hydrophobia,  182,  180,  46,  50 

symptoms,  in  dog,  183 
in  man,  184 

treatment,  184 

Pasteur,  185 

Hydrops  antri,  599 

articuli,  477 

cystidis  fellee,  780 

foliiculorum,  966 

of  appendix,  767 

of  frontal  sinus,  596 

tubae  profluens,  958 
Hydrosalpinx,  958 
Hygroma,  571,  237 
Hyoid  bone,  fracture  of,  390 
Hyosdn  in  anesthesia,  31 
Hyperchlorhydria,  689 
Hypercholestexinemia,  782 
Hyperemia,  95 

reduction  of,  95 
Hyperkeratosis  lingus,  644 
Hypernephroma,  231 
Hyperpituitarism,  443,  437 
Hyperplastic  ovaritis,  964 
Hypertrichosis,  ROntgen  rays  in   treat- 
ment of,  18 
Hypertrophic  osteoarthropathy,  431 
Hypertrophied  scar,  105 
Hypertrophy,  see  special  regions 
Hypochlorus  add,  56 
Hypodermod3r8is,  288 
Hypoglossal  nerve,  injuries  of,  354 
Hypom3rcetes,  51 
Hypophysis  cerebri,  537 
Hypopitttitarism,  537 


Hypospadias,  883 

balanitic,  883 

penile,  883 

peroneal,  883 
Hysterectomy,  abdominal,  950,  949 

vaginal,  949 
Hysteria,  180, 

in  spinal  injuries,  547 
Hysterical  edema,  7 

joints,  490 
Hysteroneurasthenia,  547 
Hysteropexy,  942 

Ichthyol  in  inflammation,  98 
Ichthyosis  linguae,  643 
Icterus,  see  jaundice 
Idiocy,  577 
Idiopathic  aneurjrsm,  296 

dilatation  of  the  colon,  734 

epilepsy,  537 

erysipelas,  175 

fragilitas  ossium,  442 

hydrocele,  909 

hydrocephalous,  525 

inflammation,  93 

multiple  hemorrhagic  sarcoma,  253 

tetanus,  178 
Ileosigmoidostomy,  764 
Ileostomy,  755 
Ileus,  740 
Iliac  colostomy,  755 

veins,  inflanmiation  of,  278 

vessels,    ligation    of,    see    common, 
external  and  internal 
Iliopectineal  bursa,  373 
Iliopsoas,  373 
nium,  fractures  of,  410 
Immobility  in  tumor  diagnosis,  240 
Immune  bodies,  49 

serums,  49 
Immunity,  48,  47 

Colles*,  192 

Profeta's,  192 
Impacted  calculus,  in  ureter,  857 

cerumen,  566 

embolus,  267 

feces,  749 

fracture,  374 

urethral  calculus,  885 
Impaction  of  foreign  bodies  in  bowel,  748 
Impassable  stricture,  of  urethra,  893 
Imperforate  anus,  826 
Impermeable  stricture  of  urethra,  893 
Impetigo,  syphilitic,  197 
Implantation  dermoids,  233 
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Impotence,  901 
Impression  fracture,  515 
Incarcerated  hernia,  820 
Incised  wounds,  142 
Incision,  exploratory,  6 
Incisions,  relaxation,  256 

technic  in,  6q 
Incomplete  dislocation,  455 

fracture,  374 

inguinal  hernia,  802 
Incontinence  of  urine,  869 

retention,  870,  916 
Indian  method  of  complete  rhinoplasty, 

589 
Indifferent  tissue,  92 

Indirect  fracture,  375 

gangrene,  127 

inguinal  hernia,  802 
congenital,  803 
Induced  thrombus,  266 
Induration,  foliaceous,  193 

nodular,  193 

parchment,  193 
Infantile  arthritis,  432 

hydrocele,  911 

inguinal  hernia,  804 

palsy,  484,  2,  564 

scurvy,  433,  441 

syphilis,  206 

umbilical  hernia,  814 

uterus,  930 
Infarct,  268 
Infection,  42 

determining  factors,  47 

extends,  46 

increased  susceptibility,  47 
Infections,  prevented  by,  49 
Infectious  leukocytosis,  13 
Infective  arthritis,  479 

inflammation,  93 

osteomyelitis,  acute,  see  osteomyelitis 

phlebitis,  277 

thrombophlebitis,  277 

thrombosis  of  cerebral  sinuses,  529, 

thrombus,  266 
Inferior  dental  nerve,  operations  on,  352 

maxilla,  see  lower  jaw 

maxillary  nerve,  operations  on,  352 

thyroid  artery,  compression  of,  313 
ligation  of,  326,  580 
Inflamed  hernia,  820 
Inflammation,  91,  see  also  special  regions 

absorption  in,  97 

causes  of,  91,  see  also  susceptibility, 

47 


Inflammation,  cellulitis,  176 

constitutional  treatment,  loi 

extends  (infection  Chapter  in) 

extension  of,  46 

exudation  in,  91 

non-vascular  tissue,  92 

pathology,  92 

symptoms  of,  93 

termination  of,  93 

tissue  changes,  92 

treatment  of,  95 
Bier\  97,  211,  112 

varieties  of,  93 

vascular  changes  in,  91,  92 
Infraction,  374 

Infraorbital  nerve,  operation  on,  351 
Infrapatellar  bursa,  373 
Infusion  of  salt  solution,  287 
Ingrowing  toe  nail,  255 
Inguinal  adenitis,  338 

bubo,  193,  338,  897 

colostomy,  756 

hernia,  802 
diagnosis  of,  805 
treatment  of,  806,  807 
variations  in  operations  for,  810 
varieties  of,  802 

hydrocele,  91  z 

perineal  hernia,  817 
Inhaler,  Esmarch,  29 
Inhalers  in  anesthesia,  24 
Inherited  syphilis,  206 

bone  affections  in,  438,  207 
Injections  for  cure  of  aneurysm,  302 

in  gonorrhea,  888 

intramuscular,  in  syphilis,  201 

of  hydrocele,  911 
Injuries,  see  special  regions 

in  diagnosis,  4 
Innominate  artery,  ligature  of,  320 
Inoperable  carcinoma,  219 

malignant    disease,    treatment    of, 
219,  231 
tumor,  18 

sarcomata,  231 
Insanity,  538,  36,  174 
Insect  bites  and  stings,  153 
Inspection,  in  diagnosb,  5 
Instruments,  preparation  of,  for  opera- 
tions, 59 
Insufflation  of  ether,  25,  26,  27 
Intelligence,  center  of,  506 
Interacinous  cysts  of  breast,  633 
Intercondyloid  T-fracturc,  403 
Intercostal  artery,  hemorrhage  from,  610 
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Interdental  splints,  389 
Interilio-abdominal  amputation,  1024 
Intermaxilla,  in  hare-lip,  634 
Intermediate  hemorrhage,  307 

syphilis,  191 
Intermuscidar  lipomata,  222 
Internal  anthrax,  186 

carotid  artery,  hemorrhage  from,  567 

derangement  of  knee  joint,  471 

epicondyle,  fracture,  403 
ligation  of,  322 
wounds  of,  521 

hemorrhage,  307 

hernia,  817 

iliac  artery,  ligation  of,  330 

jugular  vein,  hemorrhage  from,  567 

mammary  artery,  hemorrhage  from, 
610 
ligation  of,  326 

|x>plitea]  nerve,  affections  of,  361 

pudic  artery,  ligation  of,  330 

urethrotomy,  893 
Interpretation  of  X-ray  pictures,  15,  16 
Interscapulothoracic    amputation,    1002, 

1014 
Intersigmoid  fossa,  hernia  into,  820 
Interstitial  appendicitis,  766 

cholecystitis,  780 

hernia,  inguinal,  804 

inflammation,  93 

keratitis,  207 

mastitis,  623 
Intestinal  adhesions,  744 

anastomosis,  760 

bands,  744 

diverticula,  733 

exclusion,  764 

fistula,  758 

localization,  753 

obstruction,  823,  740,  68 
chronic,  743 
subacute,  743 

paralysis,  752 

polyps,  749 

ptosis,  739 

sutures,  760 

worms,  748 
Intestines,  affections  of,  732 

anastomosb  of,  760 

carcinoma  of,  747 

congenital  malformations  of,  733 

enteroptosb,  739 

exclusion  of,  764 

foreign  bodies  in,  748 

gangrene  of,  823,  686 


Intestines,  intussusception,  750 
acute,  751 
chronic,  751 

lateral  implantation  of,  764 

operations  on,  753 

perforation  of,  typhoid,  737 

rupture  of,  671 

segregation  of,  764 

stenosis,  733 

stricture  of,  746 
cicatricial,  746 
neoplastic,  746 
spasmodic,  74S 

tuberculosis  of,  738 

tumors  of,  746,  749 

volvulus  of,  745 

wounds  of,  670 
Intraabdominal  gauze  pads,  62 

inflammation,  14 

shortening  of  round  ligaments,  943 
Intraarticular  ankylosis,  491 

fracture,  374 
Intracanalicular  fibroma,  625 
Intracapsular  fracture  of  femur,  412 

humerus,  397 
Intracranial  abscesses,  532,  570,  see  also 
cerebral,  head,  skull,  brain 

blood  vessels,  injuries  of,  520 

complications  of  otitis  media,  567 

hemorrhage,  519,  514 

in  the  new-bom,  521 

inflanmiation,  529 

tumors,   534,   see   also  head,   skull, 
brain,  cerebral 
IntraUiac  hernia,  805 
Intramammary  abscess,  622 
Intramedullary    hemorrhage    of    spinal 

cord,  551 
Intraparietal  hernia,  804 

sulcus,  503 
Intraperitoneal  abscess,  684 
Intraphar>iigeal  insufflation  of  ether,  26 
Intraspinal  hemorrhage,  551 

tumor,  564 
Intratracheal  insufflation  of  ether,  34,  26 
Intrauterine  fractures,  375 
Intravenous  etherization,  28 

infusion,  287 
Intraventricular  injection,  528 
Intubation  of  larynx,  608 
Intussusception,  750 

congenital,  733 

varieties  of,  750 
Intussusceptum,  750 
Intussuscipiens,  750 
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Inunction  of  mercury,  201 
Inversion  of  testis,  902 

uterus,  945 
Inveterate  headache,  538 
Involucrum,  435 

Involuntary  seminal  emissions,  900 
Involution  cysts,  633 
Inward  dislocation  of  hip,  468 
lodin,  tincture  of,  54,  66 
Iodoform,  55 

emulsion,  114,  55,  481 

gauze,  63 

poisoning,  55 
lodophilia,  13 
Iritis,  198,  886 
Iron  wire,  62 
irradiation,  517 
Irreducible  swellings,  806 

hernia,  806,  820 
Irrigation,  constant,  177 

of  chronic  abscesses,  112 
Irritants,  100 
Ischemia,  47 

see  trench  foot,  160 
Ischiorectal  abscess,  830,  831 
Island  flaps,  257 
Isopral  in  anesthesia,  28 
Italian  method  of  rhinoplasty,  591 

Jackson's  bronchoscope,  601 

membrane,  735 
Jacksonian  epilepsy,  538 
Jacob's  ulcer,  177 
Janet's  method  of  irrigating  the  urethra, 

888 
Jarisch-Herxheimer  reaction,  204 
Jaundice,  catarrhal,  779 
hematogenous,  168 
recurring,  784^ 
Jaw,  lower,  cleft  of,  636 
closure  of,  651 
cysts  of,  648 
dislocation  of,  457 
epulis,  649 
excision  of,  650 
fibrocystic  disease  of,  649,  227 
fracture  of,  388 
necrosis  of,  648,  434 
temporary  resection,  650 
tumors  of,  649 
enchondroma,  649 
epithelioma,  650 
epulis,  649 
fibroma,  649 
osteoma,  649 


Jaw,  tumors  of,  sarcoma,  649 
upper,  cysts  of,  648 
epulis,  649 
excision  of,  650 
fracture  of,  388 
necrosis  of ,  648 
tumors  of,  649 
see  lower 
Jejunostomy,  754 
Jejunum,  peptic  ulcer  of,  723 
Jiann    operation    for    salivary    fistula, 

642 
Joints,  452 

affections  in  syringomyelia,  489 
ankylosis  of,  491,  493,  494 
aspiration  of,  475 
Charcot's,  489 
diseases  of,  473 

local  examination  in,  474 
dislocations  of,  453 
effusion  into,  evidences  of,  476,  475 
empyema  of,  477 
examination  of,  473 
excision  of,  495 
false,  385 

gonorrheal  affections  of,  479 
gouty,  487 
hemophilic   disease   of,   see   hemar- 

throsis 
hysterical,  490 
incision  of,  475 
infection,  473 
injuries  of,  452 
involvement  of  in  infectious  fevers, 

473,  455 
lipoma  aborescens,  222,  491 

loose  bodies  in,  490,  489 

mice,  490 

neuralgic,  490,  474 

pyemic,  477 

resection,  495 

rheumatic,  487,  488 

ruptured  semilunar  cartilages  in,  471 

sprains  of,  452 

S}rphilis  of,  480,  198 

tuberculous  disease  of,  482 

woimds  of,  452 
Jones'  cock-up  splint,  408 

position,  403 
Jonnesco's  operation  for  excision  of  the 

cervical  sympathetic,  361 
Jugidar  vein,  hemorrhage  from,  567 

ligation  of,  279,  531 
Jumping  hip,  988 
Jury  mast,  Sayre's,  562 
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Kader's  gastrostomy,  708 

Kanavel  operation  for  trifacial  neuralgia, 

351 
Kangaroo  tendon,  62 

Karyokinesis,  102 

Katzenstein's  operation  for  varicose  veins, 

284 
Keen's  double  brain  electrode,  510 

'  rongeur  forceps,  508 
Keloid,  cicatricial,  220 

false,  253,  220,  IDS 

spontaneous,  253 

true,  253,  220 
Keratitis,  interstitial,  207 
Keratosis  senilis,  252 
Kemig's  sign,  530 
Keyes-Ultzman  syringe,  889 
Kidneys    and    ureters,    affections    of, 

843 
abscess  of,  853 

amyloid  disease  of,  112 

blood  examination  in,  846 

calculus,  855 

carcinoma,  861 

congenital  affections  of,  843,  861 

cystic  disease  of,  862 

cysts,  862 

decapsulation,  864 

degenerative  changes,  848 

ectopic,  843 

examination  of,  843 

exploration  of,  844 

floating,  843 

functional  capacity  of,  845 

hematogenous  infection  of,  853 

horse  shoe,  843 

hydronephrosis,  850,  843 

hypernephroma,  861 

injuries  of,  673,  848 

irrigation  of  pelvis  of,  852 

movable,  849 

nephritis,  operation  for,  863 

operations  on,  862 

presence  of  both  kidneys,  846 

pyelitis,  851 

pyelonephritis,  852 

pyonephrosis,  852 

rupture,  673 

sarcoma,  861,  843 

solitary,  843 

surgical,  852 

tubeiculoos  disease  of,  854 

tomoiB,  86  X 

twisting  of  pedicle,  849 
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Kiilian's  operation  for  empyema  of  the 

frontal  sinus,  597 
Kimpton  method  of  blood  transfusion, 

286 
Kingsley's  interdental  splint,  390 
Kleb's  tuberculocidin,  213 
Klumpke  paralysis,  355 
Knee-chest  |x>sture,  940 
Knee-joint,  amputation  through,  102 1 

ankylosis  of,  491 

dislocation  of,  469,  471 

effusion  into,  476 

erasion  of,  486 

excision  of,  498,  489,  486 

gonorrheal  infection  of,  479 

housemaid's,  373 

incisions  for  drainage,  476 

internal  derangement  of,  471 

semilunar  cartilage,  dislocation  of ,  47 1 

tuberculous  disease  of,  486 
Knock-knee,  989 
Knots,  142 
Knotted  bandage,  80 
Kobelt's  tubes,  cysts  of,  232,  967 
Koch's  postulates,  45 

tuberculin,  212 
Kocher's  method  of  gastroenterostomy, 

713 
method  of  treating  dislocation  of  the 

humerus,  460 

operation  of  pylorectomy,  728 

for  excision  of  the  hip,  497 

for  removal  of  the  tongue,  647 

temporary  resection  of  upper  jaws 

for     exposing     nasopharyngeal 

growths,  650 

Kondoleon's  operation  for  lymphedema, 

337 
Kraske's  method  of  excision  of  rectum, 

841 

Kraurosis  vulvs,  922 

Kraus  normal  bovine  serum,  187 

Kroelein  method  in  pylorectomy,  728 

Kronlein's  method  of  craniocerebral  to- 
pography, 504 

Kuettner's  infusion  of  salt  solution  with 
oxygen,  288 

Kummel's  anesthesia,  28 

Kussmaul's  sign,  277 

Kyphosis,  556 

Labial  abscess,  922 

artery,  compression  of,  313 
chancre,  195  . 
hernia,  803 
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Laborde's  method  of  artificial  respiration, 

34 
Labyrinth,  suppuration  of,  567 
Lacerated  wounds,  143 
Laceration,  see  special  regions 
Lachr3rmal  bone,  fracture  of,  387 
Lacteal  cysts,  633 
Lacunar  abscess,  109 
Lambotte's  apparatus  for  fixation  of  frac- 
tures, 383 
Laminae,  fracture  of,  see  spine 
Laminectomy,  544,  551 
Lancereaux  treatment  of  aneurysm,  300 
Lane's  forceps,  382 

kink,  703 

operative  treatment  of  fractures,  382 

plate  for  fracture,  383 
Langenbeck's    operation    of   excision    of 
ankle,  497 
elbow,  496 
hip,  497 

incision  of  wrist,  496 

on  nose,  586 
Laparotomy,  666 
Lardaceous  disease,  113 
Larrey*s  amputation  at  shoulder  joint, 

1014 
Laryngeal  cartilage,  fracture  of,  390 

crises,  600 

stenosis,  600 
Laryngectomy,  605 
Laryngismus  stridulus,  600 
Laryngitis,  edematous,  603 
Laryngocele,  571 
Laryngoscope,  599,  6 
Laryngotomy,  606 
Laryngotracheotomy,  606 
Larynx,  abscess  of,  603 

acute  edema  of,  603,  see  also  edema 
of  glottis,  603 

artificial,  605 

chondritis,  603 

congenital  fissures,  571,  599 
fistula,  571 »  599 

diseases  of,  599,  571 

epithelioma  of,  604 

foreign  bodies  in,  599 

fractures  of,  389,  600 

gumma  of,  604 

injuries  of,  604 

intubation  of,  608 

papilloma  of,  ,604 

paralysis  of,  355,  604 

stenosis  of,  600 

syphilis  of,  603 


Larynx,  tuberculous  disease  of,  604 

tumors  of,  604 

ulceration  of,  600 
Lateral  anastomosis  of  intestine,  763 

curvature  of  spine,  554 
in  hip  disease,  483 

flap  amputation,  1005 

implantation  of  intestine,  764 

ligature,  315 

lithotomy,  880 

sinus,  drainage  of,  532,  278 
hemorrhage  from,  567 
thrombophlebitis  of,  531,  168 
thrombosis,  534 

ventral  hernia,  816 

ventricle,  puncture  of,  528,  529 
Lavage  of  stomach,  706,  71 
Lawn-tennis  arm,  362 
Lead  poisoning,  535 
Lead-water  and  laudanum,  97 
Leaking  aneurysm,  298,  694 
Leather-bottle  stomach,  704 
Lee's  solution  for  bums,  1 58 

technic,  58 
Leech,  artificial,  96,  568 
Leeching,  96 
Le  Fort's  amputation  at  the  ankle  joint, 

1017 
Leg,  amputation  of,  1017 

Barbadoes,  336 

fracture  of  both  bones,  428,  429 
Leiomyoma,  225 
Leiter's  tubes,  97 
Lembert's  intestinal  suture,  754 
Lenticular  carcinoma,  252 

papules,  197 
Leontiasis  leprosa,  190 

ossea,  443,  225 
Lepra,  190 

mutilans,  190 
Leprosy,  190 
Leptomeningitis,  529 

acute,  530,  563 

chronic,  530,  563 
Leptothrix,  see  bacteria 
Leukemia,  12,  306 

lymphatic,  340 
Leukemic  tumors,  253,  229 
Leukocytes,  enumeration  of,  13 

migration  of,  in  inflammation,  93 

phagocytic  action,  45 
Leukocytosis,  339,  169,  166, 92,  45, 13,  ti 

in  abscess,  109 

infectious,  13 

noninfectious,  12 
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Leukopenia,  14 
Leukoplakia,  253,  643,  5 
Levis  apparatus  for  reduction  of  disloca- 
tion of  phalanges,  465 

splint,  407 
Lewisohn  method  blood  transfusion,  287 
Ligation  of  arteries,  effects  of,  315 

for  aneurysm,  301 
epilepsy,  S3  7 
gangrene  following,  132 
hemorrhage,  314 
malignant  growths,  219 
trigeminy  neuralgia,  350 

in  continuity,  319 

technic  for,  319 
Ligatures,  60 

types,  314 
Light,  electric,  6 
Lightning  stroke,  161 
Linear  discoloration,  in  diagnosis,  6 

excision  for  hemorrhoids,  836 
Lingual  artery,  ligature  of,  323 

goiter,  576 

nerve,  operation  on,  352 , 
Linnitus  aurium,  307 
Lipoma,  221 

arborescens,  222,  491 

diffuse,  222 

fibrolipoma,  222 

intermuscular,  222 

nevolipoma,  222 

subcutaneous,  222 

subfacial,  222 

submucous,  222 

subserous,  222 
Lips,  affections  of,  634 

chancre  of,  194,  637 

cleft  of,  636 

cysts  of,  638 

epithelioma  of,  638,  217,  251 

horns  of,  636 

strumous,  638 

warts  of,  625 
Liquefaction  of  thrombus,  266 
Liquid  air,  37 

Lisfranc's  amputation  of  foot,  1015 
Lister's  modified  -flap  and  circular  ampu- 
tation, Z006 
Litholapaxy,  878 
Lithopedion,  962 
Lithotomy,  lateral,  880 

median,  880 

perineal,  880 

position,  880 

suprapubic,  879 


Lithotrites,  878 

Litten  phenomena,  686 

Little's  disease,  521 

Littre's  hernia,  801 

Littre-Maydl  operation  of  colostomy,  756 

Liver,  abscess  of,  774 

affections  of,  774 

cirrhosis  of,  3,  777 

cysts  of,  775 

hemorrhage  from,  672 

hydatid  cysts,  775 

injuries,  672 

laceration  of,  672 

see  also  hepatic 

tumors  of,  776 
Lobar  mastitis,  623 
Lobular  mastitis,  623 
Local  anesthesia,  see  anesthesia 

anesthetics,  method  of  injection,  38 

examination  in  diagnosis  of  tumors, 
244 

shock,  163 
Locality,  in  diagnosis,  2 
Localization,  in  cerebral  injuries,  502 

intestinal,  753 

of  foreign  bodies  by  the  X-ray,  17 

spinal,  539 
Lock  jaw,  180,  178 
Locomotor  ataxia,  489,  116,  8,  115 
Longitudinal  fissure,  502 

fracture,  374 
Loose  bodies  in  joints,  490 

knees,  990 
Lordosis,  557 
Lorenz's  method  of  treating  congenital 

dislocation  of  hip,  454 
Lowenberg's  forceps,  596 
Lower  jaw,  see  jaw 
Lowman's    plate-holding    apparatus    for 

fractures,  383 
Lucas-Championi^re  on  fracture,  381 
Ludloff's  sign,  416 
Lud wig's  angina,  575 
Lues,  204 
Lumbago,  483 
Lumbar  abscess,  559 

caries,  558 

colostomy,  757 

disease,  554,  SSS*  55^ 

hernia,  817 

incision  for  exposing  kidney,  862 

plexus,  injury  of,  350 

puncture,  544,  S^7t  S28 
Lumpy- jaw,  188 
Lungs,  abscess  of,  613,  611,  619 
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Lungs,  cysts  of,  619 

decortication  of,  617 

discission  of,  617 

foreign  bodies  in,  599,  610 

gangrene,  618 

hemorrhage  from,  610 

hernia  of,  611 

operations  upon,  617 

prolapse  of,  611 

rupture  of,  610 

stones,  599 

tuberculosis,  operation  for,  618 

wounds,  610 
Lupoid  ulcer,  250,  118 
Lupoma,  250 
Lupus,  250,  644 

erythematosus,  251 

exedens,  250 

exfoliativus,  250 

exulcerans,  250 

hypertrophicus,  250 

treatment  of,  by  Finsen  light,  251 
X-rays,  251 

vulgaris,  251,  250 
Luschka's  tonsil,  595 
Luzatio  erecta,  459 
Luxation  of  joints,  453 
Ljrmphadenitis,  acute,  337 

chronic,  338 

syphilitic,  339,  196 

tuberculous,  338 
Lymphadenoma,  227,  338 
Lymphadenosis,  general,  339 
Lymphangiectasis,  335,  227 
L3rmphangioendothelioma,  341,  230 
Lymphangioma,  227,  337 
Lymphangitis,  337,  6 

acute,  337 

chronic,  337 
L)rmphatic  edema,  336 

fistula,  336 

glands,  affections  of,  340 
secondary  growths  in,  see  sarcoma 

and  carcinoma 
simulating  hernia,  806 
syphilb  of,  339,  196 
tuberculosis  of,  338 

leukemia,  340 

malignancy,  340 

nevus,  226,  335 

system,  335 

varix,  336 

vessels,  diseases  of,  335 

warts,  336 
Lymphatbm,  341 


L)rmphedema,  336,  227 
Lymphocytoma,  340 
Lymphoma,  227,  338 
Lymphorrhea,  335 
Lymphosarcoma,  229,  340 
Lysins,  48 
Lysol,  54 
Lyssa,  182 
Ljrssophobia,  185 

McBume/s    operation  for  appendicitis, 
771 

point,  768 
McGraw's  elastic  ligature,  717 
Mclntyre  splint,  418 
McWilliams  bone  transplantation,  499 
Macewen's  operation  for  knock-knee  (os- 
teotomy), 990 

treatment  of  aneurysm,  301 

triangle,  569 
Mackensie's  operation  for  fistulc  in  ano, 

834 
Macrocheilia,  637,  227,  335 

Macrodactylia,  979,  443 

Macroglossia,  643,  227,  335 

Macrostoma,  636 

Macrotia,  566 

Madelung's  deformity,  978 

Magnet  for  the  removal  of  iron  bodies,  602 

Mahler's  s)rmptom,  278 

Maisonneuve*s  urethrotome,  894 

Makkas'  operation  for  filling  bone  cavities. 

437 
Malachite  green,  55 
Malar,  fracture  of,  387 
Malaria,  13,  51,  170 
Male  genitaforgans,  882 
Malignant  cysts  of  neck,  572 

dermatitb,  620 

edema,  134 

epulis,  649 

goiter,  577 

pustule,  185 

tumors,  214 

ulcers,  116 
Mallein,  188 

Malleolo-phalangeal  bandage,  88 
Malleolus,  ligation  behind,  333 
Mallet  finger,  980 
Malleus,  187 
Mai  perforant,  999 
Malpositions  of  testis,  902 
Malum  senile,  488 
Mamma,  see  breast 
Mammilitis,  620,  622 
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Mandible,  see  lower  jaw 

Mangoldt's  method  of  skin  grafting,  263 

Mania  a  potu,  1 73 

Marie's  disease,  431 

Marjolin's  ulcer,  218,  105 

Marmourian's     operation     for     varicose 

veins,  283 
Marshall    Hall's    method    for    artificial 

respiration,  33 
Marsupialization  of  ovarian  cyst,  971 
Martin's  canvas  for  reduction  of  fractures, 
382 

mercury  treatment  in  syphilis,    202 

rubber  bandage.  122 

uterine  curette,  936 
Mason's  pin,  387 
Massage,  98 

danger  of,  98 
aneurysm,  98 

in  treatment  of  fractures,  381 

of  inflammation,  98 

of  heart,  274,  34 
Mastitis,  622 

acute,  622 

chronic,  622 

circumscribed,  623 

diffuse,  623 

lobar,  623 

lobular,  623 

interstitial,  623 

suppurative,  623 
Mastodynia,  621 
Mastoid  antrum,  suppuration  in,  568 

disease,  534 
Mastoiditis,  568,  534 
Matas  operation  for  aneurysm,  303 

splint  for  fracture  of  lower  jaw,  390, 

391 
test  for  eflBciency  of  collateral  circula- 
tion, 1000,  303 
Maunsell's  method  of  end-to-end  anasto- 
mosis, 761 
of  resection  of  the  rectum,  842 
Maxillary  nerves,  operation  upon,  352 

sinus,  empyema  of,  597 
Mayo's  end-to-end  anastomosis,  761 
method  of  gastroenterostomy,  726 
operation  for  partial  excision  of  gall- 
bladder, 789 
for  partial  thyrgidectomy,  581 
pylorectomy,  728 

transgastric  partial  gastrectomy,  726 
for  umbilical  hernia,  815 
for  varicose  veins,  283 
of  pylorectomy,  724 
07 


Meatotomy,  882 
Mechanic  injuries,  138 
Mechanical  dysmenorrhea,  956 

sterilization,  51 
Meckel's  diverticulum,  733,  677 

ganglion,  351 
Median  cervical  fistula,  571,  572 

hare-lip,  634 

hernia,  816 

lithotomy,  880 

nerve,  affections  of,  357 
Mediastinopericarditis,  277 
Mediastinum  abscess,  619 

tumors,  619 
Mediogastric  resection,  696 
Medulla  of  bone,  inflammation  of,  see  os- 
teomyelitis 
Medullary  carcinoma,  218 

narcosb,  40 

of  breast,  626 
Melanotic  sarcoma,  230 
Melon-seed  bodies,  see  also  rice  bodies, 

365*  372 
Meltzer-Auer  intratracheal  insufflation  of 

ether,  26 
Membrane  grafting,  263 
Membranous  dysmenorrhea,  956,  936 
Meningeal  hemorrhage,  cerebral,  519 

spinal,  551 
Meningitis,  cerebral,  acute,  530,  563 

cerebro-spinal,  epidemic,  530 

spinal,  563 
Meningocele,  524,  552 

spurious,  501 

traumatic,  501 
Meningoencephalitis,  529,  535 
Meningoencephalocele,  see  encephalocele 
Meningomyelocele,  552 
Menorrhagia,  955 
Menstruation,  disorders  of,  954 
Mercurial  inunction,  98 

necrosis  of  jaw,  648,  434 
Mercurialism,  202 

Mercury  in  treatment  of  syphilis,  201 
Mesarteritis,  290 
Mesentery,  affections  of,  672,  686 

cysts,  687 

embolism  of  arteries  of,  687 

thrombosis  of  veins  of,  687 
Mesoblastic  tumors,  220,  215 

innocent,  220 
chondromata,  223 
fibromata,  220 
glioma,  228 
hemangiomata,  226 
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Mesoblastic  tumors,  innocent,  lipomata, 

221 

lymphangiomata,  227 
myxoma,  225 
neuroma,  Chapter  XVII 
odontoma,  227 
osteoma,  225 
malignant  or  sarcomata,  228 
endothelioma,  230 
giant  cell,  230 
hypernephroma,  231 
melanotic,  230 
round  cell,  229 
spindle  cell,  230 
Metacarpal  bones,  dislocations  of,  464 

fractures  of,  410 
Metacarpophalangeal   joint,   amputation 
at,  1009 
dislocation  at,  465 
Metastatic  abscess,  109,  168,  268 
erysipelas,  175 
growths,  243 
inflammation,  93 
Metasyphilb,  200 
Metatarsal  bones,  dislocation  of,  473 

fracture  of,  430 
Metatarsalgia,  996 
Methyl  chlorid,  37 
Metritis,  937 

varieties,  937 
Metrorrhagia,  955,  307 
Metsehnihoff's  prophylaxis  for  syphilis, 

201 
Michel  clamps,  140 
Microbic  gangrene,  134,  127 
Microcephalus,  529 
Micrococcus  tetragenus,  107 

pyogenes  tenuis,  107 
Micromazia,  620 
Micromelia,  442 
Microstoma,  636 
Microtia,  566 

Middle-ear  disease,  see  otitis  media 
Middle    meningeal    artery,    hemorrhage 

from,  519,  520,  567 
Midtarsal  joint,  amputation  through,  1016 
Mikulicz-Hartmann  line,  728 
Mikulicz's  disease,  640 
drain,  71 
law,  12 

operation  for  torticollis,  574 
Miliary  tubercle,  208 

tuberculosis,  210,  567 
Military  wounds,  146 
Milk  fistulas,  622 


Milk  leg,  277 

Milzbrand,  185 

Miner's  elbow,  373 

Mirault's  operation  for  hare-lip,  636 

Mitosis,  102 

Mixed  chancre,  193 

infection,  45 

parotid  tumor,  641 

thrombus,  265 

treatment  of  syphilis,  203 

tumors,  215,  230 
Mobility  in  diagnosis,  9 

of  tumors,  239 
Moebius's  sign,  583 
Moeller-Barlow  disease,  441 
Moist  gangrene,  126 

heat,  51 
Mole,  249,  s 

lipomatodes,  249 

pigmentosus,  249 

pilosus,  249 

spilus,  249 

verrucosus,  249 
MoUities  ossium,  443 
Molluscum  contagiosum,  51 

fibrosum,  220,  344 
Monococci,  42 

Monod  and  Vanvert's  method  for  tendon 
lengthening,  369 

for  tendon  shortening,  371 
Monoplegia,  506 
Monsel's  solution,  226,  302 
Montgomery  method  of  shortening  the 

round  ligaments,  943 
Moore's  method  of  treatment  of  aneu- 
rysm, 301 
Moore-Corradi  treatment  of  aneurysm, 

301 
Moorhof's  wax,  437 

Morbus  coxae,  483 

senilis,  489 
MorceUement  of  uterus,  950 
Morgagni,  hydatid  of,  cysts  from,  966 
Moriarty's  splint  for  fracture  of  jaw,  389 
Morison's  bip,  151 
Mormorek's  serum,  176 
Morning  diarrhea,  840 
Moro's  tuberculin  test,  211 
Morphea,  253 

Morphin,  injection  Ji}rpodermic,  in  anes- 
thesia, 30 

objections  to  administering,  31 
Mortification,  126 
Morton's  disease,  996 

fluid,  SS2,  528 
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Morton's    operation    for    transplanting 

bone,  450 
Moschcowitz's  operation  in   prolapse  of 
rectum,  838 

osteoplastic  amputation  of  leg,  1018 
Moss*  division  of  individuals    by  blood 

groups,  285 
Moszkowitz  test  for  gangrene,  1000,  128 
Mother's  mark,  226 
Motion,  absence  of,  in  diagnosis,  6 
Motor  aphasia,  506 

area,  topography  of,  505 

oculi  nerve,  affections  of,  349 
Mouth,  affections  of,  647 

bums  of,  159 

chancre  of,  195 

sterilization  of,  65,  67 
Movable  kidney,  849 

spleen,  797 
Moynihan's  treatment  of  gastric  ulcer,  692 
Mucocele  of  appendix,  767 

of  frontal  sinus,  596 
Mucous  patches,  198 

fistula,  678 

polypi,  594 
M  tiller's  law,  214 
Multiple  fracture,  374 

neuritis,  342 

neurofibromata,  344 
Mummification,  126 
Mumps,  640 
Mural  thrombus,  265 
Murphy's  button,  762 

treatment  of  arthritis,  479 
of  peritonitis,  682 
of  pulmonary  tuberculosis,  618 
Muscles,  affections  of,  362 

carcinoma  of,  365 

contusion  of,  362 

hernia  of,  362 

inflammation  of,  364 

injuries  of,  362 

massage  of,  364 

ossification  of,  364 

reaction  after  nerve  section,  347 

rupture,  362 

strains,  362 

suppuration  of,  364 

tumors  of,  365 
Muscular  excitement  in  anesthesia,  29 
Musculospiral  nerve,  injury  of,  357 
Mycelial  fungi,  X-ray  treatment,  iS 
Mycetoma,  189 
Mycosis  fungoides,  229,  253 

see  trench  foot,  160 


Myelocele,  552 
Myeloid  sarcoma,  230 
Myelomata,  230 

primary  multiple,  447 
Myeloplasty  of  Clairmont-Erlich,  461 
Myer,  pneumectomy  operation,  61 3 
Myoma,  225,  364 

cavernosum,  225 
Myomectomy,  950 
Myopia,  556 
Myositis,  364 

ischemic,  976,  364 

ossificans,  364,  225 
Myxedema,  577,  444,  7 
Myxoma,  225,  364,  444 
Myxter's  operation  on  fifth  nerve,  352 

Nabothian  cyst,  935 
Nails,  affections  of,  255,  198 
Nares,  packing  of,  593 
Nasal  bone,  fracture  of,  386 

cavities,  tumors  of,  594 

feeding,  182 

polypi,  594 

septum,  deviation  of,  592 

fracture  of,  386 

spurs,  592 

Nasofrontal  duct,  catheterization  of,  597 

Nasoorbital  fissure,  636 

Nasopharyngeal  polypus,  594 

Natiform  skull,  207 

Nationality  in  diagnosis,  2 

Neck,  abscess  of,  574 

affections  of,  570 

cellulitis  of,  574 

cysts  of,  571,  604 

acquired,  57a 

bursal,  572 

hydatid  (Chapter  XIII) 

malignant,  572 

sebaceous  (Chapter  XIV) 

thyroid,  see  cystic  goiter 

congenital,  571 

blood,  572 

branchial,  571 

l)rmphangioma,  572 

thyroglossal,  571 

development  of,  570 

fistulse  of,  570 

hydrocele  of,  571 

tuberculous  glands  of,  338 

tumors  of,  341,  570 

Necrosis,  acute,  432,  431,  434,  126 

after  compound  fracture,  378 

fat,  794 
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Necrosis,  mercurial,  434 

quiet,  435 

S}rphilitic,  440 

tuberculous,  438 

typhoid,  434 
Needle  wounds,  143 
Negri  bodies,  182 
N61aton's  line,  413 

operation  for  filling  bone  cavities,  437 
Neoarsphenamin,  205 
Neoplasms,  214 
Neosalvarsan,  205 
Nephrectomy,  864,  850 
Nephritis,  operation  for,  864 
Nephrolithiasis,  855 
Nephrolithotomy,  863 
Nephropexy,  863 
Nephroptosis,  849 
Nephrostomy,  864 
Nephrotomy,  863,  851 
Nerve  anastomosis,  347 

grafting,  348 

stretching,  348 

suture,  347 
&  distance,  348 

transplantation,  348 

tubulization,  348 

Nerves,  affections  of,  342 

special,  349 

compression  of,  345 

contusions  of,  345 

degeneration  of,  346 

inflammation  of,  342 

injuries  of,  344 

partial  section  of  mixed,  349 

regeneration  of,  347 

rupture  of,  345 
changes  following,  346 

see  also  the  special  nerves 

suture  of,  349 

tumors  of,  343 
Nerv^ous  system,  syphilis  of,  200 
Nervousness,  postoperative,  72 
Neuber's  operation  for  filling  bone  cavi- 
ties, 437 
Neuralgia,  343,  9 

of  joints,  490 

of  stumps,  1007 

secondary,  343 

symptomatic,  343 

see  also  special  regions 

trifacial,  350 
Neuralgic  dysmenorrhea,  955 

ulcers,  990,  116 
Neurasthenia,  traumatic,  547 


Neurectasy,  342 
Neurectomy,  342 
Neurenteric  canal,  82  5,  553 
Neuritis,  342 

peripheral,  999 
Neurofibromatosis,  344 

varieties,  344 
Neurolysb,  345 
Neuroma,  343,  227 

false,  343 

true,  343 
Neuromimesis,  490 
Neuropathic  arthritis,  489 
Neuroplasty,  348 
Neurorrhaphy,  347 
Neurotomy,  342 
Nevolipoma,  222 
Nevus  flaomieus,  226 

lymphatic,  227,  335 

pigmentosus,  249 

prominens,  226 

simple,  226 

venous,  226 
Nicholas  operation  for  resection  of  bone, 

437 
Night  cries,  481,  484 

pains,  197 

sweats,  113 
Nipple,  affections  of,  620 
Nitrous  oxid  gas,  29,  30,  22,  21 
Nocturnal  pollutions,  900 
Nodes,  gouty,  487 

Heberden's,  488 

Parrot's,  440 

syphilitic,  208,  502 
Nodules,  in  tumor  diagnosis,  243 
Noeggerath's  treatment  of  inversion  of 

uterus,  946 
Noguchi  serum  reaction  for  syphilis,  see 

Wassermann  reaction 
Noma,  136,  137,  2 

pudendi,  136 
Non-infectious  leukocytosis,  1 2 
Non-pathogenic  organisms,  43 
Non-pulsating  tumors  of  scalp.  502 
Non-union  of  fractures,  378,  385,  399 
Normal  salt  solution,  62 
Nose,  absence  of,  588 

adenoids,  595 

chronic  atrophic  rhinitis,  505 

clefts,  586 

crooked,  592 

deformities,  586 

epithelioma  of,  215 

fibromata  of,  594 
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Nose,  foreign  bodies  in,  594 

frog,  586 

hammer,  586 

lupus  of,  250,  588 

ozena  of,  594 

plastic  operation  on,  586 

polypi  of,  594 

saddle,  586 

sterilization  of,  67 

surgery  of,  586 

synechia  of,  594 

syphilis  of,  250,  586 

tuberculosis  of,  250,  594 

tuberous,  586 
Nourse,    operation    for    anteflexion    of 

uterus,  939 
Novocain,  38 

in  anesthesia,  31 

Objective  symptoms,  in  diagnosb,  2 
Oblique  bandage,  77,  79 

facial  deft,  636 

fractures,  374 

inguinal  hernia,  802 
Obliterating  appendicitis,  767 

cholecystitis,  780 
Obliteration  of  arteries,  303 
Obstructed  hernia,  820 
Obstruction,  intestinal,  741,  823 

of  bile  ducts,  787 

venous,  6,  7,  see  thrombosis 
Obstructive  dysmenorrhea,  956 
Obturating  thrombus,  266 
Obturator  dislocation  of  hip,'  466 

hernia,  813,  817 

nerves,  affections  of,  359 
Occipital  artery,  compression  of,  312 

frontal  bandage,  80,  81 

ligation  of,  324 
Occluding  thrombus,  266 
Occupation,  in  diagnosis,  3 
Ochsner's  operation  for  esophageal  stric- 
ture, 662 

treatment  of  peritonitis,  680,  769 
Oculomotor  nerve,  affections,  248 
Odontoma ta,  227 

cementoma,  228 

composite,  228 

compound  follicular,  228 

epithelial,  227 

fibrous,  228 

follicular,  228 

radicular,  228 
O'Dwycr's  intubation  tubes,  608 
Oidium  albicans,  51,  647 


Oil  of  cade,  6 
Oiled  silk,  60 
Ointments,  in  bums,  157 
Olecranon  bursa,  373 

fracture  of,  404 
Olfactory  nerve,  affections  of,  349 
Oligocythemia,  12 
Oilier,  bone  transplantation,  450 
Omental  hernia,  see  epiplocele 
Omentum,  affections  of,  686 

cysts  of,  687 

tears  of,  672 

tumors  of,  686 

volvulus  of,  686 
Omphalomesenteric  duct,  733,  677 
Onset,  in  diagnosis  of  tumors,  235 
Onychauxis,  255 
Onychia,  254,  198 

maligna,  255 
Onychocryptosb,  255 
Onychogryposis,  255 
Oophorectomy,  959 

for  cancer  of  breast,  220 

for  fibroids  of  uterus,  949 

for  osteomalacia,  443 
see  also  ovary 
Odphoron,  cysts  of,  966 
Open  fractures,  374 
Operating  room,  essentials  of,  68 

technic,  68,  69 
Operation,  after-treatment,  71 

in  private  house,  73 

plastic,  256 

preparation  of,  65 
assistants,  68 
nurses,  68 

patient,  69,  70,  >j,  72 
surgeon,  68 
Operative  treatment  of  fractures,  381 
Opisthotonos,  179,  8 
Opium,  170 

poisoning,  514 
Opsonic  index,  50 
Opsonins,  48 
Optic  atrophy,  349 

nerve,  affections  of,  349 

neuritis,  349,  S3S 
Orbital  cellulitis,  597 
Orbitonasal  cleft,  634 
Orchitis,  acute,  904 

chronic,  905 

complicating  parotitis,  640 

syphilitic,  906,  198 

tuberculous,  905 
Organic  stricture  of  urethra,  890 
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Organization  of  blood  clot,  102 

of  thrombus,  266 
Oriental  boil,  247 
Origin  of  tumors,  214 
Orthopnea,  8 
Orthotonos,  179 
Os  calcis,  fracture  of,  430 

see  talipes  for  osteotomy  of, 
policeman's  heel,  ostitis  of,  in 
flat-foot,  etc. 

magnum,   dislocation  of,  see  tarsal 
bones 
Osmic  acid,  injection  for  neuralgia,  349 
Ossicles  of  ear,  necrosis  of,  567 
Ossification  of  muscle,  364,  225 
Osteoarthritis,  488,  7 
Osteoarthropathy,      hypertrophic,      pul- 
monary, 431 
Osteoblasts,  379 
Osteochondritis,  syphilitic,  440 
Osteoclasis,  991 
Osteoclasts,  438 
Osteocopic  pains,  198,  43S 
Osteodystrophia   juvenalis   of    Mikulicz, 

448 
Osteogenesis  imperfecta,  442 
Osteoma,  225,  see  also  special  regions 

durum,  225 

ebumated,  225 

spongiosum,  225 
Osteomalacia,  443,  375,  2,  3,  447 
Osteomyelitis,  4,  432 

acute  infectious,  432,  2 

chronic,  434 

diagnosis,  433 

gummatous,  439 

multiple,  433 

prognosis,  433 

rccidiva,  433 

septic,  432 

syphilitic,  439 

treatment,  432 

tuberculous,  439 

typhoidal,  432,  434 
Osteoperiostitis,  431 
Osteophytes,  488,  431,  489 
Osteoplastic    amputations.    Bier's,    1019 
Gritti's,  102 1 
Moschcowitz,  1018 
Sabanejeff's,  1022 

resection  of  nose,  594 
skull,  508 
spine,  556 
Osteoporosis,  437,  431 
Osteopsathyrosis,  442 


Osteosarcoma,  229,  446 
Osteosclerosis,  434,  431 
Osteoscopic  pains,  198 
Osteotomy,  Adam's,  493 
cuneiform,  991 
for,  bow-legs,  991 
Colles  fracture,  408 
flat-foot,  996 
hallux  valgus,  998 
knock-knee,  989 
talipes,  991 
Macewen's,  990 
subtrochanteric,  493 
Ostitis,  chronic,  434 

condensing,  434,  431 
deformans,  445 

see  osteoarthritis 
fibrosa,  445,  438 
rarefying,  437,  431 
tuberculous,  480,  437 
typhoid,  434 
Othematoma,  566 
Otitis,  complications  of,  567 
cranial,  567 

carious  or  necrotic  ossicles,  567 
facial  paralysis,  567 
granulations  and  polypi,  567 
hemorrhages,  567 
mastoiditis,  568 
extracranial,  567 
intracranial,  570 
Otoplasty,  566 

Otorrhea,  intracranial  complications,  5  70 
Outward  dislocation  of  hip,  467 
Oval  method  of  amputation,  1004 
Ovarian  cysts,  966,  964 

complications  of,  967 
diagnosis  of,  969 
s}rmptoms  of,  967 
treatment  of,  970 
dermoids,  969,  967,  233 
dysmenorrhea,  956 
hydrocele,  967 
pregnancy,  961 
Ovaries,  963 

apoplexy  of,  965 
atrophy  of,  965 
cirrhosis  of,  964 
congenital  malformation,  964 
cysts  of,  964,  233 
hematoma  of,  965 
hemorrhage  from,  965 
inflammation  of,  964 
prolapse  of,  963 
removal  of,  965,  440 
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Ovaries,  tuberculosis  of,  965 

tumors  of,  965 
Ovariotomy,  970 
Ovaritis,  964 
Ovules  of  Naboth,  933 
Oxybutyric  acid,  129 

Oxygen  combined  with  ether  or  chloro- 
form, 29 
Ozena,  595 

Pachydermatocele,  221,  344 
Pachymeningitis,  529,  563 

external,  529 

internal,  529 
Pagenstecher's  thread,  62 
Paget's  disease,  444,  445 

disease  of  nipple,  620,  252 
bone,  see  ostitis  deformans 
Pain  in  diagnosis,  8 

character,  8 

in  inflammation,  93 

osteocopic,  198 

significance  of,  in  diagnosis  of  tumors, 

also  see  special  regions 
Painful  feet,  998 

heel,  998 

scars,  105 

stump,  1007 

subcutaneous  tubercle,  343 
Palate,  deft,  653 

perforation  of,  654 
Palmar  abscess,  985 

cellulitis,  986 

fascia,  contraction  of,  gSo 

foreign  bodies,  980 

ganglion,  compound,  366 

sac,  366 

synovitis,  985 
Palpation  in  diagnosis,  9,  7 
Panaritium,  see  paronychia 
Panarthritis,  478 
Pancreas,  affections  of,  793 

calculi  of,  796 

C3rsts  of,  796 

inflammation  of,  793,  673 

rupture  of,  673 

tumors  of,  796 
Pancreatic  point  of  Desjardin,  705 
Pancreatitis,  793,  790 

acute,  794,  790 

chronic,  795 

gangrenous,  795 

interacinar,  795 

interlobular,  795 


Pancreatitis,  subacute,  795 

suppurative,  795 
Panhysterectomy,  951 
Panostitis,  acute,  432 
Papillitis,  349 
Papillomata,  215 

malignant,  215 
Papillomatous  cholecystitis,  780 
Papules,  197 

Papulo-squamous  syphilides,  197 
Paquelin  cautery,  100,  loi 
Paracentesis  abdominis,  684 

auriculi,  272 

pericardii,  276 

thoracis,  614 

ventriculi,  527 

vesica,  871 
Paracolpitis,  929 
Paradoxical  embolism,  267 
Paraflin,  use  of,  for  cure  of  deformed  nose, 
586 
proUpse  of  rectum,  837 
Paraldehyd,  28 
Paralysis,  agitans,  545 

after  injury  to  brain,  512,  et.  seq. 
spinal  disease,  559,  563 
injuries,  546 

brachial  birth,  356 

following  injury  to  nerves,  345 

infantile,  564,  484,  2 

intestinal,  752 

post-anesthetic,  34,  35^ 
Paralytic  torticollis,  440 
Parametritis,  972 
Paraphimosis,  898 
Parasites,  43 
Parasitic  cysts,  233 

organisms,  43 
Parasyphilis,  200 
Parathyroid  glands,  576 

tetany,  576 
Parchment  crepitus,  8 
Parenchymatous  glossitis,  643 

goiter,  578 

hemorrhage,  307 

inflammation,  93 
Paresis,  342 
•  Parietal  mural  thrombus,  265 
Parietooccipital  fissure,  504 
Park  and  NicoU's  treatment  of  tetanus, 

181 
Paronychia,  254,  198 
Paroophoron  cysts,  967 
Parotid  gland,  excision  of,  641 

l>Tnph  gland,  affections  of,  641 
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Parotid  tumors,  641 
Parotitis,  640 

suppurative,  640 
Parovarian  cysts,  965,  967 
Parrot's  nodes,  440 
Partial  gastrectomy,  725,  695 

h)rsterectomy,  950 

nephrectomy,  864 
Passage  of  urethral  bougies,  892 
Passive  incontinence  of  urine,  869 
Pasteur's     treatment     of     hydrophobia, 

184 
Patella,  dislocation  of,  470 

fractures  of,  421 
Pathetic  nerve,  affections  of,  350 
Pathogenic  organisms,  45 
Pathological  dislocations,  455 

fracture,  374 

treatment,  417 
nonoperative,  422 
operative,  423 
prognosis,  424 
Patten,  485 

Payr's  treatment  of  inoperable  angioma, 
227 

of  hydrocephalous,  529 
Pearls,  217 

Pedunculated  flaps,  257 
Pels-Leusden    treatment,    spina  ventosa, 

439 
Pelvic  cellulitis,  972 

hematocele,  972 

hematoma,  973 

neoplasms  of  connective  tissue,  974 

peritonitis,  971 
Pelvirectal  abscess,  830,  831 
Pelvis,  dislocation  of,  465 

fracture  of,  410 
of  false,  410 
of  true,  410 
Penis,  affections  of,  882 

amputation  of,  899 

balanitis  of,  898 

chancre  of,  193 

chancroid  of,  896 

congenital  malformation,  882 

epithelioma  of,  898 

extirpation  of,  899 

fracture  of,  896 

herpes  of,  195 

injuries  of,  896 

paraphimosis  of,  898 

phimosis  of,  897 

warts  of,  897 
Peptic  ulcers,  689 


Peptic  ulcers  of  jejunum  following  gastro- 
enterostomy, 723 
Percussion  in  diagnosis,  9 
Perforating  ulcer  of  duodenum,  732,  156 
of  foot,  999,  n7 
of  stomach,  603 

t}rphoid  ulcer,  737 
Perforative  appendicitis,  767 

peritonitis,  678,  5 
Periadenitis,  337 
Periarteritis,  290 
Pericardial  effusions,  275 
Pericarditis,  275 
Pericardium,  275 
Pericardotomy,  276 
Pericholecystitis,  780 
Pericolitis,  734 
Pericystitis,  873 
Perigastric  adhesions,  695 

inflammation,  695 
Perihepatitis,  778 
Perineal  cystotomy,  880 

fistula,  891 

hernia,  817 

lithotomy,  880 

prostatectomy,  918 

relaxation,  924 

section,  880 
Perineorrhaphy,  924 
Perinephritic  abscess,  853 
Perinephritis,  853 
Perineum,  laceration  of,  923 
Periosteal  nodes,  440 

sarcoma,  446 
Periostitis,  431 

acute,  431 

albuminosa,  431 

chronic,  431 

ossifying,  431 

osteoplastic,  431 

purulent,  431 

serosa,  431 

simple,  431 
Peripheral  neuritis,  999 
Periphlebitis,  277 
Periproctitis,  830 
Perirectal  suppuration,  829 
Perirenal  hematoma,  853 
Perithelioma,  231 
Peritoneal  bands,  744 
Peritoneum,  malignant  disease  of,  684 
Peritonitis,  678 

acute  diffuse,  679 
localized,  678 

chronic  simple,  682 
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PeritonitiB,  pelvic,  971 

perforative,  679,  5 

tuberculous,  682 
Periurethral  abscess,  889 
Permanent  torticollis,  573 
Permanganate  of  potash,  54 
Pernicious  anemia,  306,  798 
Pernio,  160 

Peroneal  artery,  ligation  of,  334 
Peronei  tendons,  tenotomy  of,  366 
Perthes'  operation  on  biliary  passages, 

788 
Pertussis,  600 
Pes  cavus,  996 

planus,  994 
Pesquin's  operation  for  aneurysm,  303 
Pessaries,  941 
Petechie,  138,  6,  168 
Petit  de  la  Villeon's  method  removing 
foreign  bodies  from  lungs,  611 
Petit's  tourniquet,  312 
Petrissage,  98 
Petrosal  sinus,  hemorrhage  from,  567 

thrombosis  of,  532 
Pfannenstiel  incision,  942 
Phagedena,  120,  897 
Phagocytosis,  48 
Phalanges,  amputation  of,  1009,  1015 

dislocation  of,  465 

fracture  of,  430,  410 
Phantom  tumor  of  abdomen,  677 
Pharyngocele,  657 
Pharyngotomy,  subhyoid,  605 

transhyoid,  605 
Pharynx,  bums  of,  159 

epithelioma  of,  217 
Phelps'  operation  for  talipes,  993 

for  varicose  veins,  283 
Phenol,  S3 
Phenolsulphonephthalein   test   of  kidney 

function,  845 
Phimosis,  2,  897,  538 
Phlebectasia,  279 
Phlebitis,  277 

acute,  277 

chronic,  279 

exudative,  277 

pathology  of,  277 

post-operative,  277    • 

prophylaxis  of,  278 

suppurative,  277 
Phleboliths,  266 
Phleborrhaphy,  316 
Phlebosclerosis,  279 
Phlebotomy,  284 


Phlegmasia  alba  dolens,  278 
Phl^gmone  ligneuse  du  cou,  575 
Phlegmonous  erysipelas,  175 

inflammation,  93 
Phloridzin  test  of  kidney  function,  845 
Phosphorous  burns,  159 

poisoning,  306,  3 
Phosphorus  necrosis  of  jaw,  435,  64S,  650 
Photophobia,  534 
Phrenic  nerve,  injury  of,  354 
Physical  examination,  in  diagnosis,  i 
Physiologic  salt  solution,  63 
Physometra,  931 

Picric  acid  in  treatment  of  bums,  157 
PUcs,  834 

Pirogoff's  amputation,  1017 
Pituitary  body,  tumors  of,  537 
Placenta,  retained,  167 
Plague,  49 

Plantar  fascia,  tenotomy  of,  367 
Plantaris  muscle,  rupture  of,  991 
Plasmodium  malarise,  51 
Plaster-of-Paris  dressing,  89 

splints,  89,  76 
Plastic,  arteritis,  290 

inflammation,  93 

linitis,  706 

splints,  381 

surgery,  255 
Pleiad  of  Ricord,  193 
Pleural  cavity,  affections  of,  611 
aspiration  of,  614 
effusion  into,  613 
tapping  of,  614 
Pleurectomy,  617 
Pleurisy,  613,  6 
Pleuropneumonia,  269 
Pleurosthotonos,  179,  11 
Plexiform  angioma,  226,  294 

neuroma,  344 

sarcoma,  231 
Pneumatocele,  525 
Pneumectomy,  618 
Pneumocele,  611 
Pneumococcal  arthritis,  479 

empyema,  614 
Pneumococcus,  107,  432,  613 
Pneumogastric  nerve,  affections  of,  354, 

580 
Pneumohemothorax,  273,  610 
Pneumolysis,  618 

Pneumonia,   14,  35,   170,  173,  273,  611 
Pneumothorax,  611,  818 
Pneumotomy,  617 
Point  of  Desjardin,  795 
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Points  douloureux,  343,  350 
Poisoned  wounds,  152 
Poisoning,  alcohol,  514,  342 

arsenic,  342 

bichlorid  of  mercury,  52,  53 

blood,  166 

carbolic  acid,  53 

chloroform,  34,  172 

cocain  hydrochlorid,  37 

ergot,  130,  6 

iodin,  54 

iodoform,  55 

lead,  S3  5 

opium,  514 

phosphorous,  306,  3 

snake,  154,  6 

strychnia,  180 
Policeman's  heel,  998 
Poliomyelitis,  acute  anterior,  564 
Pollutions,  diurnal,  900 

nocturnal,  900 
Polonium,  20 

Polyu's  method  in  pylorectomy,  728 
Polycystic  disease  of  liver,  775 
Polycythemia,  156,  11 
Polydactylism,  978 
Poljrmastia,  620 

Poljrmorphonuclear  leukocytes,  12,  13 
Poljrmyositis,  364 
Polyneuritis,  342 
Polynudear  count,  13 
Polyorchism,  902 
Polypi,  220 

see  special  regions 
Polyserositis,  778 
Polythelia,  620 
Pond-shaped  fracture,  516 
Poole's  operation,  thyroid^gland,  576 
Popliteal  artery,  compression  of,  313 
ligature  of,  332 

bursae,  373 

nerve,  injury  of,  see  internal  and  ex- 
ternal 
Portal  cirrhosis  of  the  liver,  777 
Post-anal  dimple,  see  spina  bifida  occulta 

gut,  554 
Post-anesthetic  paralysis,  36,  356 
Post-calcaneal  bursitis,  99S 
Posterior  colporrhaphy,  924 

gastroenterostomy,  713 

thoracic  nerve,  injury  of,  357 

tibial  artery,  compression  of,  313 
ligature  of,  332 
Post-febrile  gangrene,  129 
Posthitis,  89S 


Post-incisional  hernia,  816 
Post-mortem  wounds,  152 
Post-nasal  adenoids,  595 
Post-operative  backache,  72 

constipation,  72 

dressings,  73 

feeding,  73 

fever,  72 

hemorrhage,  72 

hernia,  816 

insomnia,  72 

nervousness,  72 

pain,  72 

phlebitis,  278 

pulse,  72 

retention  of  urine,  71 

shock,  71 

thirst,  72 

treatment,  71 

vomiting,  72 
Post-pharyngeal  abscess,  559,  655 
Posture  in  diagnosis,  11 
Potassium  permanganate,  54 
Pott's  disease,   557,  see  spine  tubercu- 
losis 

fracture,  426,  471 
symptoms,  428 
treatment,  428 

puffy  tumor,  532 
Poultice,  99 

Powders,  in  aseptic  wounds,  55 
Precancerous  dermatoses,  252,  242 
Precentral  sulcus,  503 
Precipitins,  48 
Pregnancy,  970,  279 

abdominal,  961 

ectopic,  961 
Preliminary  colostomy,  841 

tracheotomy,  606 
Preparation  of  instruments,  59 

patients  for  operation,  65 
Prepatellar  bursa,  373 
Prepuce,  incision  of,  898 
Presenile  gangrene,  128 
Pressure,  gangrene  following,   132,   127, 
378,  312,  98,  76 

symptoms,  in  tumor  diagnosis,  238 

treatment  for  aneurysm,  301 

ulcers,  117 
Preternatural  mobility  in  fracture,  377 
Priapism,  899 
Primary  anesthesia,  25 

hemorrhage,  307 

syphilis,  191 

thrombus,  265 
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Priinar>'  union  of  wounds,  102 
Primitive  aneurysm,  296 
Private  house,  operation  in,  73 
Procain,  38 
Procidentia,  943 
Proctectomy,  841 
Proctitis,  829,  9 

gonorrheal,  886 
Proctodeum,  826 
Proctolysb,  682 
Proctopexy,  838 
Productive  arteritis,  290 
Profeta's  law,  192 
Proflavine,  55 
Prognathism,  444 

Progress  of  tumors  in  diagnosis,  236 
Progressive  muscular  atrophy,  557 

pernicious  anemia,  306 
Prolapse,  see  special  organs 
Proliferous  mammary  cyst,  625 
Prominent  ears,  566 
Propagating  thrombus,  266 
Preperitoneal  hernia,  804 
Proptosis,  see  exophthalmos 
Prostate,  affections  of,  914 

abscess,  914 

calculi,  915 

carcinoma  of,  915,  918 

hemorrhage  from,  847 

hypertrophy  of,  915 

tuberculosis,  914 
Prostatectomy,  917 
Prostatitis,  914 
Prostatorrhea,  914 
Prostatotomy,  917 
Protopathic  ner\'e-fibers,  346 
Protozoa,  51 
Proud  flesh,  103 
Pruritus  ani,  829 

vulvae.  922 
Psammoma,  230 
Pseudoarthrosis,  456,  385 
Pscudodiverticula,  esophageal,  657 
Pseudoelephantiasis,  336 
Pseudohermaphrodism,  921 
Pscudohydrophobia,  185 
Pseudoh>'pertrophic  paralysis,  557 
Pseudoleukemb.  339,  796 
Pseudomembranous  cholecystitis,  780 

inflammation.  93 
Pseudoobstruction,  intestinal,  752 
PseudopKxiium.  92 
Pseudoprolapse  of  uterus,  944 
Pseudotrichinosis.  364 
Psoas  abscess.  559.  806 


Psoriasis  linguae,  643 

palmar,  197 

plantar,  197 

S}rphilitic,  197 
Ptomains,  45 
Ptosis,  349,  533 
Ptyalism,  202 

Pubic  dislocation  of  hip,  466 
Pudendal  hernia,  817 
Puerperal  peritonitis,  see  peritonitis 
Pulmonary  affections  in  anesthesia,  35 

alveolar  emphysema,  619 

decortication,  617 

embolism,  269 

gymnastics.  617 

hemorrhage,  610 

hypertrophic  osteoarthropathy,  431 

tuberculosis,  operation  for,  618 
Pulpy    degeneration    of   synovial    mem- 
brane, 480 
Pulsating  empyema,  613 

exophthalmos,  521 

tumors  of  bone,  446,  447 
of  scalp,  501 
Psulsation.  in  diagnosis,  6 
Pulse,  character  of,  after  operation,  72 

in  diagnosis,  10 

in  septicemia,  168 
Pulsus  paradoxus,  275 
Punctured  fracture,  375,  516 

wounds,  144 
Purgation,  in  sepsis,  172 
Purpura,  245 

hemorrhagica,  306,  592 
Purulent  effusion  of  pericardium.  275 

infiltration,  177 

inflammation,  93 
Pus,  108 

varieties  of,  108 
Pusey's  method  for  inoperable  angiomatA, 
327 

treatment  for  nevi,  227 
Pustule,  197 
Pyelitis,  851 

modes  of  infection  in,  851 
Pyelography.  843 
Pyelolithotomy,  864 
Pyelonephritis,  852 
Pyeiostomy,  864 
Pyelotomy,  864 
Pyemia,  6,  275,  289,  567,  169,  171 

actinomycotic,  189 

acute,  169 

chronic.  169 

in  diseases  of  bones,  433 
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Pyemia  in  diseases  of  the  ear,  567 

in  joint  diseases,  477,  479 

lateral  sinus,  531,  279 

symptoms,  169 
Pyemic  abscess,  109 

synovitis,  477 
Pylephlebitis,  169 
Pylorectomy,  726,  695,  697 
Pylorodiosis,  728 
Pyloroplasty,  725 
Pylorus,  stenosis  of,  699 

exclusion,  723 

occlusion,  723 
congenital,  688 

tumors  of,  723 
Pyogenic  bacteremia,  168 

bacteria,  106 

infections,  167 

toxemia,  167 
ulcer,  116 
^yometra,  931 
Pyonephrosis,  852 
Pyopericarditis,  275 
Pyorrhea  alveolaris,  648 
Pyosalpinx,  958 
Pyothorax,  613 
Pyrexia,  167 
Pyuria,  847 

Qualitative  food  dyspepsia,  785 

Qu6nu's   operation    for   excision   of   the 

rectum,  842 
Quiet  necrosis,  435 
Quilled  suture,  141 
Quinine-urea  hydrochloride,  38 
Quinsy,  654 

Rabic  tubercles  of  Bab6s,  183 
Rabies,  183,  182 
Racemose  adenoma,  216 

aneur>'^sm,  226,  294 
Rachischisis,  551 
Rachitic  rosary,  441 
Rachitis,  440 

Racquet  method  of  amputation,  1005 
Radial  artery,  compression  of,  313 

ligation  of,  328 
Radical  resection  of  joints,  495 
Radicular  odontoma,  228 
Radiograph,  15,  16 

interpretation  of,  15 
Radiography,  15 
Radiotherapy,  19 
Radium,  20 

bromid,  20 


Radium,  in  diagnosis,  20 

rays,  20 

therapy,  20 
Radius,  congenital  absence  of,  978 

dislocation  of,  463 

fractures  of,  405 
head,  405 

lower  end  (Colles*),  406 
neck,  405 
shaft,  406 

separation  of  lower  epiphysis,  408 

subluxation  of  head  of,  463 
Radius  and  ulna,  dislocations  of,  463 

fractures  of,  408 
Railway  brain,  546 

spine,  546 
Rammstedt     operation     for     congenital 

stenosis  of  pylorus,  689 
Randolph  bandage,  122 
Ransohoff's  arterial  anesthesia,  39,  40 

discission  of  the  lungs,  6x7 

skeletal  calipers,  419 
Ranula,  641,  232 
Rapid  spiral  bandage,  77 
Rarefaction  of  bone,  437,  431 
Rashes  of  bichlorid  of  mercury,  1 70 

carbolic  acid,  170 

ether,  170 

iodoform,  170 

septic,  170 

syphilis,  197 
Ray  fungus,  188 
Raynaud's  disease,  127,  129,  3,  6 

gangrene,  129 
Reactionary  fever,  166 

hemorrhage,  307 
Reactions  of  degeneration,  346 
Reason,  center  of,  506 
Receptors,  48 

Recklinghausen's  disease,  344 
Rectal  anesthesia,  28 

hernia,  817 
Rectocele,  924 
Rectovaginal  septum,  laceration  of,  923 

fistula,  928 
Rectovesical  fistula,  928 
Rectum,  abscess,  830 

absence  of,  837 

affections  of,  825 

atresia  of,  837 

carcinoma  of,  839 

cellulitis  about,  830 

colostomy  in  carcinoma  of,  840 

congenital  malformation  of,  826 

control  of  hemorrhage  from,  311 
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ectum,  excision  of,  840 

abdomino-perineal  route,  842 
anal  route,  841 
perineal,  84 1 
sacral,  841 
vaginal  route,  841 
foreign  bodies  in,  828 
imperforate,  827 
inflammation  of,  829 
injuries  of,  828 
papilloma,  839 
polypi,  839 
prolapse,  837 
sarcoma,  839 
sterilization  of,  67 
stricture  of,  838 
syphilis  of,  838 
tuberculous  disease  of,  838 
tumors  of,  839 
ulcers  of,  838 
ectus   abdominis  muscle,   diastasis   of, 

816 
ecurrent  appendicitis,  769 
hemorrhage,  307 
laryngeal  nerve,  pressure  upon,  580, 

297 
shoulder  dislocation,  461 
bandage,  77,  79 
ed  blood  corpuscles,  1 1 

basophilic  granulations  in,  14 
in  inflammation,  91 
infarct,  268 
thrombus,  265 
death,  135 
edness  in  inflammation,  94 

in  diagnosis,  6 
educible  hydrocele,  911 
swellings,  805 
in  diagnosis,  241 
eduction  en  bloc  of  a  hernia,  805,  742 
en  masse  of  a  hernia,  805 
of  dislocations,  457,  461,  468 
of  fracture,  380 
eef  knot,  142,  320 
eel  feet,  992 
eferred  pain.  8 

in  hip  disease,  483 
renal  disease,  856 
spinal  caries,  561 
vesical  calculus,  876,  877 
eflex  anuria,  848,  857 

inflammation,  93 
egeneration,  103 
of  brain,  523,  103 
glandular  organs,  103 


Regeneration  of  lymphatic  tissue,  103 

nerves,  347,  104 

spinal  cord,  551,  103 
Rehn's  method  of  controlling  hemorrhage 

while  suturing  the  heart,  374 
Reid's  method  of  compressing  aneurysms, 

300 
Relapsing  appendicitis,  769 

Relaxation  incisions,  256 

Renal  calculus,  855 

appearance,  856 

causes,  855 

symptoms,  856 

treatment,  860 

colic,  668,  857 

complications  in  anesthesia,  36 

function,  estimation  of,  846 

hematuria,  847 

hemophilia,  850 

Repair,  102 

granulation,  102 

healing  by  first  intention,  102 

non- vascular  tissue,  103 

second  intention,  102 

third  intention,  103 

of  bone,  103  (also  Chapter  XIX) 

blood  vessels,  103 

cartilage,  103 

fractures,  378 

muscles,  103 

skin,  103 

tendons,  103 

of  tissue,  loi 

phenomena  of,  102 

primary  union,  102 ' 

Reposition  of  a  retroverted  uterus,  940 

Resection,  see  special  regions 

Residual  abscess,  109 

urine,  916,  871 

Resolution  in  inflammation,  93 

Resorption  fever,  166 

Respiration,  artificial,  S5 

Cheyne-Stokes,  512,  533,  535 

Respiratory  system,  surgery  of,  586 

difl[iculties  during  anesthesia,  28 

Rest,  in  inflammation,  95 

Restlessness,  significance  in  diagnosis,  11 

Restoration  of  function  in  treatment  of 

fractures,  381 

Retained  placenta,  167 

testis,  903 

Retention  cysts,  232 

of  fractures,  380 

of  urine,  71,  870 

suture,  141 
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Retiform  lymphangitis,  337 
Retinal  hemorrhage,  520 
Retinochoroiditis,  199 
Retractors,  1002 
Retrocalcaneal  bursa,  998,  573 
RetrocoUis,  572 

Retroflexion  of  uterus,  938,  939 
Retrograde  embolism,  267 

esophageal  dilatation,  662 

strangulated  hernia,  823 
Retroperitoneal  abscess,  687 

hernia,  819. 

locations  of,  819 

tumors,  687 
Retropharyngeal  abscess,  559,  655 
Retroversion  of  uterus,  938,  939,  942 
Reverdin's  method  of  skin  grafting,  262 
Rhabdomyoma,  225 
Rhagades,  207 
Rheumatic  arthritis,  487 

gout,  488 

myositis,  364 

synovitis,  475 

torticollis,  572 
Rheumatism,  gonorrheal,  479,  433 
Rheumatoid  arthritis,  see  osteoarthritis 
Rhinitis,  596 

gonorrheal,  886 
Rhinolith,  594 
Rhinophyma,  586 
Rhinoplasty,  586 
Rhinoscleroma,  586 
Rhinoscopy,  594 
Ribs,  cervical,  574 

dislocation  of,  465 

fracture  of,  391 

resection  of,  616 
Rice  bodies,  490,  365,  372,^481,  see  also 

melon-seed  bodies 
Richter's  hernia,  801 
Rickets,  a,  377,  440 
Rider's  bone,  364 

leg,  362 
Riedel's  lobe  of  liver,  776,  786 
Rigg's  disease,  648 
Risus  sardonicus,  179,  11 
Riziform  bodies,  see  rice  bodies 
Roberts'  operation  for  fracture  of  patella, 

423 
pericardotomy,  276 

pins,  592,  387 

splint,  407 

Robson's  operation  on  biliary  passages, 

788 

point,  784 


Rodent  ulcer,  251,  19 
Rogers'  treatment  of  tetanus,  181 
Rogers  &  Torreys  treatment  of  gonor- 
rheal arthritis,  480 
Roidium  albicans,  51 
Rolando,  fissure  of,  503 
RoUer  bandage,  76 
RoUier's  sun  bath,  212 
Roman  nose,  586 
Rongeur  forceps,  508 
Rdntgen  rays,  14 

bums,  acute,  19 
chronic,  252,  19 

danger  from,  19 

detection  of  foreign  bodies,  17,  144, 

523 
renal  calculus,  857,  858 

ureteral  calculus,  857,  858,  17 

vesical  calculus,  1 7 

diagnosis,  17 

aneurysm,  298 

fractures,  17,  378 

of  diseases  of  bone,  447 

pericardial  effusions,  275 

stomach,  size,  shape,  position,  and 

activity  of,  702 

gangrene  following,  19,  134 

interpretation  of  pictures,  15,  16 

stereoscopic  plates,  18,  19 

therapeutic  effects  of,  18 

treatment  of  acne,  18 

actinomycosis,  188 

blastomycosis,  18,  346 

carcinoma,  19,  250,  319 

comedo,  18 

favus,  18 

goiter,  i8,  578,  579 

hemangioma,  330 

h3rpertri£ho8i8,  18 

keloid,  249 

rodent  ulcer,  18,  aao,  349 

sarcoma,  231,  19 

of  skin,  351 

tenia  barbae,  18 

tonsurans,  18 

treatment  of  lupus,  18,  248 

tuberculous  lesions,  312 

untoward  effects,  19 

Rosary,  rachitic,  440 

Rose  position,  635 

operation  for  the  removal  of  theK^as- 

serian  ganglion,  353 

Rotch's  sign,  275 

Round-celled  sarcoma,  229,  445 

Round  ligament,  hydrocele  of,  911 
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Round  ligament,  shortening  of,  943 
Rouz's  gastroenterostomy,  722 
Rubber  bandage,  76 
Rubber  gloves,  64 

sterilization  of,  64 
Rubefacients,  100 
Run  around,  254 
Rupia,  197 
Rupture,  799 

of  organs  and  tissues,  see  special 
regions 
Rydygier's  method  of  splenopexy,  797 

Sabanejeff*s  amputation  of  femur,  1022 

Sabre  blade  deformity,  991 

Sac  of  hernia,  800 

Saccharomycetes,  51 

Sacculated  aneurysm,  396 

Sacial  cysts,  553 

plexus,  injuries  to,  360 

tumors,  congenital,  553 
Sacrococcygeal  fistulas,  554 

tumors,  553 

varieties,  553 
Sacroiliac  joint,  tuberculosis  of,  482 
Sacro-pubic  bandage,  88 
Sacrum,  fractures  of ,  41 1 

sarcoma  of,  553 
Saddle  nose,  586 
Sahli's  sign  of  pancreatitis,  795 
Saline  infusion,  287 
Salivary  calculus,  641 

cysts,  64Z 

fistula,  643 

glands,  affections  of,  640 
Salivation,  302 
Salpingitis,  957 

tuberculous,  965 
Salpingo-odphorectomy,  959 
Salpingostomy,  960 
Salt  solution,  normal,  38,  63 
Salvarsan,  203 
Sanitary  tube  in  treatment  of  gonorrhea, 

887 
Sapremia,  167 
Saprophytes,  43,  107 
Sardne,  4a 

Sarcocde,  syphilitic,  906,  198 
Sarcoma,  228,  331 
alveolar,  229 
curative    action    of    erysipelas    on, 

331 
skin,  253 
see  mesoblastic  tumors 
see  also  special  regions 


Sarcomatosb,  229 

saucer  fracture,  516 
Satellite  bubo,  193 
Sauerbruch's  operating  cabinet,  612 
Sayre*s  jury  mast,  562 

plaster  jacket,  561 

treatment    of   fracture   of    clavicle, 

392,  394 
tripod,  563 
Scalds,  155 

Scalp,  affections  of,  500 
abscess,  501 
contusions,  500 
hematoma,  500 
meningocele,  501 
spuris,  501 
traumatic,  501 
pachydermatocele,  502 
tumors,  501 
wounds,  50 X 
Scalpel,  methods  of  holding,  70 
Scaphoid  bone,  bipartite,  409 
excision  of,  409 
fracture  of,  409 
Scapula,  alatum,  975 

acromion  process,  395 
anatomical  neck,  394,  395 
body,  394 

coracoid  process,  395 
surgical  neck,  395 
congenital  elevation  of,  975 
dislocation  of,  975 
fracture  of,  395 
winged,  975 
Scarlatina,  surgical  169 
Scarlatinal  arthritis,  478 
Scarpa's    triangle,    ligation    of    femoral 

artery  in,  334 
Scars,  104,  105 

epithelioma  in,  104 
Sch&fer's  method  for  artificial  respiration, 

34 
Schede's    operation   for   varicose   veins, 

283 
of  thoracoplasty,  617 
Schizomycetes,  42 
Schleich's  solution,  38 
Schnappende  HUfte,  988 
Schreiber*s   procedure   in    administering 

neoarsphenamin,  205 
Schultz*s  treatment  of  ulcers,  1 23 
Schwartze*s  operation  for  mastoid  disease, 

568 
Schwartze-Stficke  operation  for  mastoid 

disease,  569 
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Sciatic  artery,  ligation  of,  330 

dislocation  of  hip,  466 

hernia,  817 

nerve,  operation  on,  360 
Sciatica,  360,  483 
Scirrhus,  carcinoma,  218 

of  breast,  626 

ulcer,  626 
see  special  regions 
Sdavo's  serum,  187 
Sclerosis  of  bone,  434 

diffuse,  199 

of  testicle,  198 
Sclerotitis,  gonorrheal,  887 
Scoliosis,  554,  4 

pathological  anatomy  of,  554 

symptoms,  554 

treatment,  556 
Scopolamin-morphin  anesthesia,  31 
Scorbutic  ulcers,  118 
Scotch  douche,  100 
Scrofula,  208 
Scrofuloderma,  250 
Scrotal  tumors,  general  diagnosis  of,  907 

bandage,  88 

hernia;  802,  806 
Scultetus'  bandage,  86 
Scurvy,  infantile,  433,  441 

rickets,  433,  441 
Sebaceous  cysts,  232,  254 

horn,  254 
Secondary  hemorrhage,  307 

infection,  45 

neuralgia,  34^ 

neurorrhaphy,  347 

perineorrhaphy,  924 

sarcoma  of  bone,  445 

suture,  149 

syphilis,  171 

thrombu«,  266 

union  of  wounds,  102 
Section  of  nerves,  345 

perineal,  880 
Sedillot's  excision  of  tongue,  647 
Segregation  of  the  intestine,  764 
Semilunar  cartilage,  dbplacement  of,  471 
Semimembranous  tendon,   tenotomy  of, 

367 
Seminal  vesicles,  affections  of,  913 

emissions,  involuntary,  900 

tuberculosis,  913 
Semitendinosus  tendon,  tenotomy  of,  367 
Senile  atrophy  of  bone,  442 

enlargement  of  prostate,  915 

gangrene,  127 


Senile  keratosis,  252 

tuberculosis,  209 
Senn's  decalcified  bone  chips,  436 

method  of  amputation  of   the  hip, 
1024 

operation   for  floating  kidney,    848 
Sensation  in  diagnosis,  8 

nerve  fibers  of  deep,  346 
Sensory  aphasia,  506 
Sentinel  pile,  829 
Separation  of  epiphyses,  375 
Sepsis,  166 

causative  lesion  of,  170 

diagnosis  of,  170 

forms  of,  170 

treatment  of,  171 
Septic  arthritis,  478 

emboli,  see  pyemia 

intoxication,  167,  171 
chronic,  167 

symptoms,  167 
Septicemia,  168 

cryptogenic,  168 

local  manifestations,  169 

primary,  168 

secondary,  168 

symptoms,  168 
Septum,  deviation  of,  592 

nasi,  fracture  of,  386 
Sequestration  dermoids,  233 
Sequestrotomy,  436 
Sequestrum,  434,  435,  126 
Serodiagnosis,  14 
Serotherapy,  49 
Serous  cysts,  232 

effusion,  in  pericardium,  275 
pleural,  613 

inflammation  93 

membranes,  inflanmiation  of,  8 

synovitis,  475 
Serum,  antidiphtheritic,  25,  loi 

antistreptococcic,  171 

disease,  49 

immunity,  49 
antitoxic,  49 
bactericidal,  49 
Seventh  nerve,  affections  of,  353 
Sex,  in  diagnosis,  3 
Shape  of  lesion  in  diagnosis,  5 

tumors,  in  diagnosis,  239 
Sheep  serum,  185 
Sherman  black  sheets,  69 
Shock,  163,  171 

causes,  163 

prophylaxis,  164 


INDEX 


1073 


Shock,  symptoms,  164 
treatment,  165,  139 

apathetic,  164 

delayed,  164 

eresthistic,  164 

secondary,  164 

torpid,  164 
Short-circuiting  operation  on   intestine, 

764 
Shoulder,  amputation  through,  10x2 

ankylosis  of,  491 

congenital  elevation  of,  975 

dislocation  of, '459,  463 

effusion  into,  476 

excision  of,  496 

osteoarthritis  of,  489 

tuberculosis  of,  48a 
Shroeder's  amputation  of  cervix,  933 
Side<hain  theory  of  Ehrlich,  48 
Sigmoid  flexure,  volvulus  of,  745 
Sigmoidoscope,  826 
Sigmoidostomy,  755 
Signs,  in  diagnosis,  7 
Silicate  of  soda  dressing,  90,  76 
SUk,6o 

Silkworm  gut,  60 
Silver  nitrate,  55 

salts  of,  55 

wire,  62 
Simple  carcinoma,  218 

of  breast,  626 

dislocation,  453 
Simple  fracture,  374 

goiter,  577 

inflammation,  91 

ulcer,  116,  1x9    . 
Sims'  i)osition,  919 

for  peritonitis,  681 

sound,  921 

speculum,  919 

uterine  curette,  936 
Simulation  of  surgical  conditions,  14 
Sinus,  124 

affections  of,  596 

see  also  special  regions 

treatment,  124 
Situation  of  lesion,  in  diagnosis,  5 

of  tumors  in  diagnosis,  23 8 
Sits  bath,  99 

Sixth  nerve,  injuries  of,  353 
Sixe  of  lesion,  in  diagnosis,  5,  538 

tumors,  in  diagnosis,  237,  239 
Skeletal  calipers,  419 
Skey's  method  of  amputating  foot,  1016 
Skiagraph,  15 
08 


Skiagraph,  interpretation  of,  15 
Skiagraphy,  see  ROntgen  rays,  14 
Skin,  anesthesia  of,  following  section  of 
nerves,  345 

carcinoma,  252 
lenticular,  252 
treatment  of,  252 

color  of,  changes  in,  5 

disinfection,  54 

epithelioma  of,  251 
deep,  252 
nodular,  252 
superficial,  251 

grafting,  260 

hemorrhagic,  245 

idiopathic  multiple,  253 

in  relation  to  tumors,  243 

lesions  in  sjrphilis,  196 

leukemic  tumors,  253 

mycosis  fungoides,  253 

pedunculated  flaps,  257 

preparation  of,  for  operation,  66 

sarcoma,  253 

surgery  of,  245,  256 

tuberculosis  of,  249 

tumors  of,  242 

warts,  2x6 
Skinner's  inhaler,  28 

mask,  28 
Skull,  atrophy  of,  443 

fracture  of,  515,  5^6 
base,  517 
vault,  516 

gunshot  injuries  of,  516,  148 

natiform,  207 

necrosis  of,  207 

syphilitic  necrosis,  440 

trephining  of,  507 

varieties,  5iS>  5^6 
Sleeping  sickness,  51 
Sliding  hernia,  799 
Slough,  126,  116 
Sloughing,  126 
Small-pox,  50 

Small  sciatic  nerve,  affections  of,  360 
Smell,  sense  of,  in  diagnosis,  10 
Smith's,  Nathan  R.,  splint,  418 

Stephen,  clamps  for  hemorrhoids,  836 
treatment  of  dislocation  of  shoul- 
der, 461 
Snake  bites,  154,  153 

poisoning,  154,  54,  53 
Snap-finger,  979 
Snapping  hip,  988 
Snare,  594 
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Snuffles  in  syphilis,  206 
Social  condition,  in  diagnosis,  3 
Sodium  cacodylate  for  syphilis,  205 

citrate  method  blood  transfusion,  287 
Soft  carcinoma,  218 

chancre,  896 

corn,  24B 

of  breast,  626 
Softening  in  tumors,  241 
Solar  plexus  blow,  611 
Sole,  perforating  ulcer  of,  999 
Solitary  kidney,  843 
Soot  warts,  252 
Sounding  the  urinary  bladder,  method  of, 

877 
Sounds,  see  special  regions 

Spasm  of  esophagus,  660 

intestine,  748 

of  pharyngeal  muscles,  179 

of  respiratory  muscles,  32 
Spasmodic  croup,  599 

stricture  of  urethra,  890 

stump,  1007 

torticollis,  572 
Spastic  ileus,  748 

paraplegia,  544 
Special  fractures,  386 
Specific  inflammation,  93 

ulcer,  116 
Spence's  amputation  at  shoulder  joint, 

1013 
Spermatic     cord,     hematocele     of,     912 

•    hydrocele  of,  911 
torsion  of,  904 
Spermatocele,  911 
Spermatorrhea,  900 
Sphacelation,  126 
Sphacelus,  126 

Sphenoidal  sinuses,  diseases  of,  597 
Spica  bandage,  77 

descending,  83 

of  foot,  87 

of  groins,  87 

of  shoulder,  82 

of  thumb,  81 
Spiller-Frazier  operation  for  the  removal 
of  the  Gasserian  ganglion,  353 
Spina  bifida,  551 

anterior,  552 
occulta,  551 
ventosa,  438 
Spinal  accessory  nerve,  affections  of,  354 
stretching  of,  573 

anesthesia,  40 

caries,  558 


Spinal  cord,  compression  of,  547 

concussion  of,  546 

contusion  of,  546 

diseases  of,  11,  552 

edema  of,  547 

hemorrhage  into,  548,  549,  55© 

injuries  of,  546 

pressure  on,  in  Pott's  disease,  562 

resection  of  posterior  roots  of,  544 

total  transverse  lesion  of,  541 

tumors  of,  564 

wounds  of,  551 
curvature,  554 
hemorrhage,  551,  546,  547 
localization,  539 
membranes,  tumors  of,  564 
meningitis,  563 
neurasthenia,  547 

puncture,  544,  see  lumbar  puncture 
rickets,  556,  551 
traumatic  neurosis,  546 
Spindle-celled  sarcoma,  230 
Spine,  abscess  from,  559,  562 
aneurysmal  erosion  of,  556 
ankylosis  of,  489,  557 
caries  of,  558 
concussion  of,  535 
congenital  malformation  of,  553 
curvatures  of,  554 
deformities  of,  554,  3 
diseases  of,  551,  483 
dislocations  of,  549 

varieties,  549 
fracture  of,  547 
fracture-dislocation  of,  547 
injuries  of,  546 
osteoarthritis  of,  558 
osteomyelitis  of,  557 
sprains  of,  546 
surgery  of,  539 
tuberculosis  of,  557 

diagnosis,  560 

local  symptoms,  564 
abscess,  559,  563 
deformity,  562 
pain,  558 

paralysis,  560,  563 
rigidity,  558 

pathology,  558 

treatment,  560 
of  abscess,  563 
tumors  of,  553,  564 
Spiral  bandage,  77 

of  flnger,  8z 

of  chest,  84 
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)iral  bandage,  reversed,  82 

fracture,  374 

reversed  bandage,  77 
of  lower  extremity,  87 
>irilla,  42 

Mrocheta  pallida,  191,  43,  51,  194 
>lanchnoptosis,  739 
jlay  foot,  994 
^leen,  abscess,  797 

affections  of,  797 

rupture  of,  672,  797 
^lenectomy,  797 

blood  changes  after,  799 

contraindications,  798 
plenic  anemia,  798 

fever,  185 
plenomegaly,  797 
plenopexy,  797 
plenoptosis,  797 
plint,  381,  396 

Agnew,  422,  396 

Band,  390 

Bond,  396,  407 

Dupuytren,  428,  396 

Gooch,  381 

Hammond,  389 

Hodgen,  4J8 

interdental,  389 

Jones'  cock-up,  408 

Kingsley's  interdental,  390 

Levis,  407 

Mclntyre,  418 

Matas,  390 

Moriarty's,  389 

Plaster  of  Paris,  89 

pressure,  causing  gangrene,  381,  131 

Roberts,  407 

Smith.  418 

Stromeyer,  402 

Thomas,  415,  380 

triangle,  397 
knee,  487 

Van  Arsdale,  420 
plintered  fracture,  374 
plints,  plastic,  381 
plitting  fracture  of  skull,  516 
pondylitis,  557 

deformans,  557,  489 
3ondylolisthcsis,  557 
Dondylosis  rhizomelique,  489 
x>nges,  preparation  and  sterilization  of, 

62 
>ontaneous  aneurysm,  296 

dislocation,  453 

fracture,  374 


Spontaneous  gangrene,  128 

hemorrhage,  306,  519 

hemostasis,  305 
Spores,  42 

Sporothrix  Schenckii,  246 
Sporotrichosis,  246,  51 
Sporulation,  42 
Sprains  of  joints,  452 
SprengeFs  deformity,  975 
Springing  hip,  988 
Spurious  meningocele,  501 

valgus,  994 
Squamous  epithelioma,  217 
Square  cap  bandage,  81 
Ssbanejew-Franck  operation  for  gastros- 
tomy 711 
Stab  wounds,  144 
Stackers  operation   for  mastoid  disease, 

568 
Stains,  gunpowder,  146 
Stamm-Rader  operation  of  gastrostomy^ 

708 
St.  Anthony's  fire,  174 
Staphylococcic  infections,  42,  432,  613 
Staphylococcus  pyogenes,  albus,  106 

aureus,  247,  106 

cereus  albus,  107 
flavus,  107 

citreus,  io6 

epidermidis  albus,  106,  141 

flavescens,  107 
Staphylorrhaphy,  652 
Starch  bandages,  90,  76 
Starting  pains,  481,  484 
Static  machine,  14 
Status  lymphaticus,  341,  583 

presens,  2 
Stay  knot,  320 

Steel  plates  for  fixation  of  fractures,  381 
Steinmann's  nail  extension,  419 
Stellate  fracture,  374,  516 
Stell wag's  sign,  582 
Stellwagon's  instrument  for  making  trap* 

door  in  skull,  509 
Steno's  duct,  affections  of,  642 
Stercoraceous  vomiting,  741,  9 
Stercoral  ulcers,  749 
Stereognostic  center,  506 
Stereoscopic  plates,  in  X-ray  diagnosis,. 

17,378 

localizing  foreign  bodies,  16,  17 
Sterility,  902,  957,  20 

due  to  X-ray  exposure,  20 
Sterilization,  51,  43 

after  operation,  69 
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Sterilization,  chemical,  52,  149 

fractional,  60 

mechanical,  51,  148,  139 

of  bladder,  67 

ol  Cargile  membrane,  63 

of  catgut,  60,  61 

of  catheters,  63 

of  cotton  goods,  63 

of  dressings,  62,  52 

of  ear,  67 

of  enamel  ware,  63 

of  glass,  63 

of  gloves,  64 

of  hands,  64 

of  hard  rubber,  63 

of  instruments,  63,  59 

of  leather,  63 

of  mouth,  65,  67 

of  normal  salt  solution,  63 

of  nose,  67 

of  oiled  silk,  63 

of  paraffin  paper,  63 

of  patient,  skin  of,  64 

of  rectum,  67 

of  rubber  tissue,  63 

of  silver  foil,  63 

of  soft  rubber,  63 

of  sutures  and  ligatures,  62 

of  syringes,  63 

of  vagina,  67 

of  water,  63 

of  wounds,  54,  139 

thermal,  51 
Sterilizer,  59 
Sternomastoid  in  torticollis,  573 

divbion  of,  562 
Sternum,  dislocation  of,  465 

fractures  of,  392 

necrosis  of,  393 
Stertorous  respiration,  513,  531 
Stewart's  enterostomy,  755,  756 

gastroenterostomy  method,  715 

gastrostomy,  708 

operation  for  cancer  of  the  breast, 
629 
for  inguinal  hernia,  808 

subtotal  gastrectomy,  728 
Sthenic  inflammation,  93 

fever,  167 
Stiles'  operation  for  hydrocephalus,  529 
Stiller's  sign,  739 

Stimson  and  Weir's  method  of  steriliza- 
tion of  hands,  64 
Stings  of  insects,  153 
Stitch  abscess,  73 


Stomach,  absorptive  power  of,  testing,  702 

affections  of,  688 

bilocular,  695 

carcinoma  of,  704 ' 

congenital  stenosis  of  pylorus,  688 

dilatation  of,  699 

foreign  bodies  in,  689 

hourglass,  695 

injuries  to,  670 

lavage  of,  706 

operations  on,  706 

peristaltic  movements  of,  701 

prolapse,  702 

rupture  of,  670 

stenosis  of  pylorus,  688 

ulcer  of,  689,  690,  2 
perforation  of,  603 

volvulus  of,  703,  706 
Stomatitis,  647 

aphthous,  647 

gangrenous,  see  noma 

mercurial,  202 

ulcerative,  648 
Stone,  see  calculus 

forceps,  879 

scoop,  879 

sound,  877 
Stovain,  38 

Strabismus,  531,  534,  572 
Strains,  362 

Strangulated  hernia,  821,  132 
Strangulation  of  intestine  by  bands,  743 
Strauss,  pyloroplasty,  725 
Strawberry  gall-bladder,  780 
StieptobaciUi,  42 

Streptococcic  infections,  42,  432,  613 
Streptococcus  erysipelatis,  174,  231 

pyogenes,  174,  166 
Streptothricoses,  51 
Streptothrix  madure,  189 
Stretching,  in  scars,  105 

in  skin  surgery,  256 
Stricture,  see  special  regions 

from  gummata,  200 
Stromeyer  splint,  403 
Struma,  578 
Strumitis,  577 
Strumous,  208 

Up,  638 
Strychnin  poisoning,  9,  180 
Stumps,  amputation,  affections  of,  1006 
Stupe,  99 

Styloid  process,  fracture  of,  405 
Styptics,  310 
Subacromial  bursitis,  373,  975 


INDEX 


1077 


Subaponeurotic  abscess,  502 

hematoma,  500 

lipoma,  502 
Subastragaloid  amputation,  1017 

dislocation,  472 
Subclavian  artery,  compression  of,  313 
ligation  of »  325 

vein,  ligation  of,  572 

vessels,  injuries  of,  393 
Subclavicular    dislocation    of    shoulder, 

459 
Subconjunctival  ecchymosis,  573,  5x9 

Subcoracoid  dislocation  of  shoulder,  450 

Subcutaneous  injection  of  paraffin,  586 

emphysema,  263 

hematoma,  500 

symptoms,  264 

treatment,  264 
Subdeltoid  bursa,  affection  of,  373,  975 
Subdural  abscess,  532,  533 

hemorrhage,  520,  551 
Subglenoid  dislocation  of  shoulder,  459 
Subhyoid  cysts,  572 

pharyngotomy,  605 
Subinfection,  46 
Subinvolution  of  uterus,  937 
Subjective  symptoms  in  diagnosis,  2 
Sublingual  dermoids,  572 
Subluxation,  455 

of  head  of  radius,  463 

of  humerus,  460 

of  knee,  471 
Submammary  abscess,  622 
Submaxillary    cellulitis,    see    angina 

Ludovici 
Subpericranial  hematoma,  500 
Subperiosteal  fracture,  374 

gummata,  438 

resection  of  joints,  495 

whitlow,  981 
Subphrenic  abscess,  684,  780 

locations  of,  684 
Subserous  lipoma,  see  lipoma 
Subspinous  dislocation  of  shoulder,  459 
Subsynovial  lipomata,  222 
Subtemporal  decompression,  512 
Subungual  exostosis,  225 
Suffusion,  138 
Sugillation,  138 
Sulcus,  intraparietal,  503 

precentral,  503 
Sun  baths  in  tuberculosis,  212 
Sunburn,  155 

Su]>erficial  epithelioma,  251 
Superinvolution  of  uterus,  937 


Superior  gluteal  nerve,  affections  of,  360 
longitudinal    sinus,    thrombosis    of, 

.531,  532 

maxilla,  affections  of,  see  upper  jaw 
fraction  of,  388 

maxillary  nerve,  resection  of,  351 

thyroid  artery,  ligation  of,  323,  581 
Supernumerary  digits,  978 
Supersensitivene^s,  see  anaphylaxis,  50 
Suppression  of  urine,  847 
Suppuration,  106 

pathology  of,  107 

see  also  special  regions 
Suppurative  synovitis,  477 
Supracondyloid  amputation  of  thigh,  1021 

fracture  of  femur,  420 
humerus,  400,  401 
Supracoracoid  dislocation  of  humerus,  459 
Supramammary  abscess,  622 
Supramarginal  convolution,  504 
Suprameatal  triangle,  569 
Supraorbital  nerve,  operations  on,  351 
Suprapubic  aspiration  of  bladder,  871 

cystotomy,  879 

lithotomy,  879 

prostatectomy,  918 
Suprarenal  extract,  see  adrenalin,  583 
Supratrochlear    nerve,    operation    upon, 

351 
Supravaginal  hysterectomy,  950 

Surgeon's  knot,  142 

Surgical  anesthesia,  ai 

emphysema,  611 

kidney,  852 

scarlatina,  169 

technic,  59 
Sus]>ensiQn  and  extension  apparatus  of 

Blake,  399 
Suspensory  bandage,  84 
Suture  k  distance,  348 

of  blood  vessels,  315 

of  bone,  62  , 

of  heart,  172 
Suture-ligature,  314 
Sutures,  60,  149,  140 

see  also  special  regions 
Swallowing  in  anesthesia,  34 
Sweep's  cancer,  252 
Swelling  in  inflammation,  94 

in  tumors,  240,  241 
Swift-Ellis  treatment  of  syphilis,  204 
Sycosis,  X-ray  treatment,  18 
Sylvester's  artificial  respiration,  33 
Sylvius,  fissure  of,  503 
Symbiosis,  46,  1 78 
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Syme*s  amputation,  1017 

external  urethrotomy,  894 

staff,  894 
Symmetrical  gangrene,  1 29 
Symond's  tube  for  esophageal  stricture, 

662 
Sympathetic  ganglia,  cervical,  excision  of, 
361,  584,  537 

inflammation,  92 

nerve,  affections  of,  360 
Symptomatic  hydrocele,  909 

f  ragilitas  osslum,  442 
Symptoms,  objective,  i 

subjective,  i 
Syncope,  163 

Syncytioma  malignum,  954,  219 
Syndactylism,  979 
Syndesmotomy,  993 
S3mechia,  595 
Synorchism,  902 
Synovial  inflammation,  in  diagnosis,  7 

membrane,    pulpy  degeneration  of, 

479 
Sjmovitis,  acute,  475 

chronic,  477 
gonorrhea],  473 
gummatous,  478,  198 
lipomatosis,  222 
pyemic,  477 
rheumatic,  476 
serous,  475 
syphilitic,  473,  198 
tuberculous,  see  joints 
typhoid,  473 
S}rphilides,  197,  196 
pigmentary,  198 
tubercular,  198 
Syphilis,  191,  SI 
acquired,  191 
chancre,  192 
conceptional,  191 

congenital  or  hereditary,  206,  207, 191 
immunity  in,  191 

Colles,  192 

Prof  etas,  192 
incubation  period,  192 
insonitum,  191 
methods  of  injection,  191 
prognosis,  200 
quartemary,  200 
stages,  192 

intermediate,  199 

primary,  see  chancre 

secondary,  196 
alopecia  in,  198 


Syphilis,  stages,  secondary,  condylomata, 
198 
fever  of  eruption  196 
lymphatic  involvement,  196 
mucous  patches,  198 
skin  rashes,  198 
syphilides,  198 
tertiary,  199 
diagnosis  of,  200 
diffuse  sclerosis,  199 
gumma,  199 
syphilides  in,  199 
treatment,  201 
continuous,  201 
fumigation,  201 
intermittent,  301 
intramuscular,  201 
intravenous,  201 
inunctions,  201 
local,  206 
mixed,  303 
neosalvarsan,  205 
salvarsan,  203 
serum,  201 

see  also  special  regions 
Swift-Ellis  method,  204 
Syphilitic  arteritis,  291,  480 
bubo,  193 
fever,  196 
lichen,  197 
Syphilodermata,  see  syphilides 
S3rringes,  sterilization  of,  62 
Syringomyelia,  joint  affections  in,  489 
Syringomyelocele,  552 

T-bandage  of  perineum,  86 
T-fracture,  374,  400 
Tachycardia,  583 
Tailed  bandage,  78,  86 
Talipes,  991 

acquired,  992 
decubitus,  992 
paralytic,  992 
spastic,  992 
traumatic,  992 
calcaneus,  140,  994 
congenital,  991 
equinus,  140,  994 

varus,  992 
valgus,  140,  994 
varus,  140,  994 
Talma's  operation,  777 
Tamponage  of  heart,  274 
Tampons,  vaginal,  958 
Tampotement,  98 
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Tangenital  wounds  of  brain,  523 
Tapping,  see  special  regions 
Tarsectomy,  993 
Tarsometatarsal    joints,    amputation 

through,  1015 
Tarsus,  amputation  through,  1016 

dislocation  of,  473 

fracture  of,  430 

tuberculous  disease  of,  486 
Taxis,  821 
Teale's  amputation  of  leg,  1018 

probe  gorget,  895 
Technic  of  modern  surgery,  59 

see  also  special  regions 
Teeth,  carious,  338,  598 

Hutchinson,  207 

in  congenital  syphilis,  207,  5 

in  rickets,  440 

tumors  in  connection  with,  see  odon- 
toma 
Telangiectatic  angioma,  226 

sarcoma,  230 
Temperature,  local,  in  diagnosis,  9 
Temporal  arter>',  compression  of,  313 

ligation  of,  324 
Temporary  hemostasis,  139 
Temporomaxillary  joint,  ankylosis  of,  650 

joint,  arthritis,  suppurative,  568 
dislocation  of,  457 
excision  of,  651 
Temporosphenoidal  abscess,  533 
Tenderness  in  abdominal  affections,  691 

in  diagnosis,  8 
Tendo-Achillis,  synovitis  of,  998 

tenotomy  of,  366,  419 
Tendon  sheaths,  diseases  of,  366 
Tendons,  affections  of,  362 

displacement  of,  363 

lengthening  of,  369 

operations  on,  366 

rupture  of,  362 

shortening  of,  370 

subluxation,  364 

suppurative,  365 

transplantation  of,  370,  994 
Tenesmus,  7 
Tenia  barbae,  i8 

echinococcus,  233 

saginata,  235 

solium,  235 

tonsuranus,  treatment  with  Rontgen 
rays,  18 
Tennis  leg,  991 
Tenoplasty,  368 
Tenorrhaphy,  367,  368 J 


Tenosynovitis,  365 

suppurative,  983 

tuberculous,  365 
Tenotomy,  366,  993 

see  also  individual  tendons 
Tenth  nerve,  affections  of,  354 
Tents  for  dilatation  of  os  uteri,  932 
Teratomata,  232,  215 

of  sacrum,  553 
Tertiary  syphilis,  191 
Testis,  affections  of,  902,  8 

atrophy  of,  908,  903 

congenital  malformation  of,  902 

cysts  of,  907 

ectopic,  903 

fungus  of,  906 

hematocele  of,  912 

hernia  of,  907 

hydrocele  of,  911 

inflammation,  905 

inversion,  902 

malposition  of,  902 

neuralgia  of,  909 

retained,  902 

sclerosis  of,  198 

syphilis  of,  906 

torsion  of,  904 

tuberculosis  of,  905 

tumors  of,  907 

undescended,  902,  806 
Tetanolysin,  179 
Tetanospasmin,  179 
Tetanotoxin,  179 
Tetanus,  178,  181,  46 

acute,  179 

cause,  178 

chronic,  179 

hydrophobicus,  180 

idiopathic,  178 

late,  x8o 

local,  180 

neonatorum,  180 

paralyticus,  180 

prophylaxis,  181 

risus  sardonicus  of,  179,  9 

treatment,  x8i 
Tetany,  180,  46 

parathyreopriva,  576 
Tetracocci,  42 
Thecal  whitlow,  982 
Thecitis,  365 

suppurative,  982,  983 
Therapeutic  effects  of  the  X-ray,  19 
Thermal  injuries,  155 

sterilization,  51  j 
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Thiersch's  method  of  skin  grafting,  260 

operation  for  epispadias,  882 
Thigh,  amputation  of,  1022 
Third  nerve,  affections  of,  349 
Thomas's  incision  for  capsulotomy,  461 
knee  splint,  487 
splint,  380,  379,  48s 
wrench,  993 
Thoracic  duct,  ligation  of,  335 
obstruction  of,  9 
wounds  of,  335 
Thoracoplasty,  616 
Thoracotomy,  615 
Thorax,  surgery  of,  609 
Thorium,  20 
Thrill,  8 
Throat  cut,  575 
Thromboangitis  obliterans,  128 
Thrombophlebitis,  277,  248,  280 
Thrombosis,  265,  277,  597 
arterial,  290 
changes  in,  266 
gangrene  from,  290,  131 
localization,  266 
of  cerebral  sinuses,  531 
cavernous  sinus,  532 
lateral  sinus,  531,  534,  169 
mesenteric  vessels,  687 
petrosal  sinus,  532 
superior  longitudinal  sinus,  531 
results,  266 
types,  265 
venous,  266 
Thrush,  647,  51 
Thumb,  amputation  of,  1008 
dislocation  of,  464,  465 
fracture  of,  409 
Thymic  asthma,  584 

stenosis  of  trachea,  584 
Thymus  gland,  enlargement  of,  341,  584 
Thyroglossal  cyst,  571 

fistula,  570 
Thyroid  cysts,  577 

dislocation  of  hip,  469,  466 
extract,  580 
gland,  accessory,  576 
absence,  577 
actinomycosis,  577 
atrophy,  577 
congestion,  577 
tumors  of,  577 
vessels,  ligation  of,  580 
wounds,  576 
Thyroidectomy,  580,  581 
Thyroidism,  580 


Thyroiditis,  577 
Thyrotomy,  604,  605 
Tibia,  fracture  of,  424 

epiphyseal  separation  of  lower  end, 

425 
of  upper  end,  425 

fracture  of  424 
internal  malleolus,  425 
shaft,  425 
tubercle,  424 
upper  end,  424 

osteotomy  of,  991 

rachitic,  991 

syphilitic,  991 
Tibial  arteries,  see  anterior  and  posterior 
Tibialis  anticus,  tenotomy  of,  366 

posticus,  tenotomy  of,  367 
Tic  convulsif,  350 

douloureux,  350 

facial,  350 
Tinnitus  aurium,  307 
Tissue,  repair  of,  loi 
Tissues,  consistency  of  in  diagnosis,  7 
Toe-nail,  ingrowing,  255 
Toes,  amputation  of,  1014 

deformities  of,  998 

dislocation  of,  473 
Tongue,  affections  of,  642 

abscess  of,  643 

actinomycosis,  644 

cancer  of,  646 

chancre  of,  645 

epithelioma  of,  645 

gumma  of,  645 

lupus,  644 

removal  of,  646 

syphilis,  645 

tie,  642 

ulceration  of,  644,  196 
tuberculous,  196,  645 

wounds,  643 
Tonsillotome,  655 
Tonsillotomy,  654 
Tonsils,  affections  of,  654 

enucleation  of,  654 

hypertrophy,  654 

suppuration,  654 

tumors,  655 
Tophi,  487,  372 

Topography,  craniocerebral,  502 
Torsion  tracture,  375 

in  treatment  of  hemorrhage,  3x4,  70 

of  omentum,  686 

of  ovarian  cyst,  968 

of  spermatic  cord,  904 
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Torticollis,  572 
false,  572 

trae  or  chronic,  572 
permanent,  573 
spasmodic,  572 
Total  empyema,  613 
Tourniquets,  312 
Tozalbumins,  45 
Toxemia,  45,  166 
Toxins,  45 
Toxophore,  49 
Trachea,  cicatrices  in,  599 
diseases  of,  599 
foreign  bodies  in,  599 
intussusception  of,  599 
rupture  of,  610 
stenosis  of,  599 
tumors  of,  604 
ulceration  of,  608 
wounds  of,  575 
Trachelorrhaphy,  933 
Tracheocele,  571 
Tracheotomy,  606,  32 
high,  606 
low,  607 

preliminary,  606 
tubes,  607 
Trachoma,  209 
Transfusion  of  blood,  285 
Transhyoid  pharyngotomy,  605 
Transient  obstruction  of  bile  duct,  787 
Transillumination  of  antrum,  596 

stomach,  702 
Transplantation   of   mucous   membrane, 
263 
of  bone,  449,  382 
flap  method,  450 
free  method,  450 
of  cartilage,  451 
Transverse  fracture,  374 
Transversotomy,  755 
Traumatic  aneurysm,  293,  296 
apoplexy,  519 
arteritis,  292 
asphyxia,  610 
delirium,  173 
dermoid,  233 
diabetes,  166 
dislocations,  455,  456 
epilepsy,  537 
fever,  166 
fracture,  374 
gangrene,  132,  133 
hemorrhage,  306,  519 
hernia,  778,  791,  804 


Traumatic  hysteria,  547 
inflammation,  93 
insanity,  538 
meningocele,  501 
myositis,  364 
neurasthenia,  547 
neuritis,  347 
neuroses,  546 
spreading  gangrene,  134 
ulcers,  116 
Trench  foot,  160 

Trendelenburg's  varicose  veins,  283 
position,  950 
test  for  valvular  incompetence  in 

varicose  veins,  a8i 
tracheal  tampon,  605 
Trephining,  507 

for  epilepsy,  538 
fracture  of  skull*,  517 
insanity,  538 
intracranial  abscess,  535 
intrameningeal  hemorrhage,  520 
inveterate  headache,  538 
lateral  sinus  thrombosis,  531 
meningitis,  531 
for    middle    meningeal  hemorrhage, 
520,  507 
puncture  of  lateral  ventricle,  529 
tumors  of  brain,  537 
Treponema  pallida,  191 
Treves'  operation  for  lumbar  caries,  563 
Triangle  of  election,  321 
of  necessity,  321,  322 
splint,  397 
Trichiniasis,  364,  13 
Trident  hand,  442 
Trifacial  nerve,  affections  of,  350 

neuralgia,  350 
Trigeminal  nerve,  350 
Trigger  finger,  979 
Tripod,  Sayre's,  562 
Tripolith  bandage,  89 
Tripperf&den,  886 
Trismus,  180,  179,  651 

nascentium,  180 
Trochanter,  bursa,  373 

fracture  of,  415,  416 
Tropacocain,  38 
Trophic  gangrene,  132 

changes  following  section  of  nerves, 

346 
True  keloid,  249,  220 

neuromata,  343 
Trusses,  806,  807 

see  special  hemie 
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Trypanosomiasis,  51 
Tubal  abortion,  961 

gestation,  961 
rupture  of,  961 
Tube,  Crooke's,  14 
Tubercle,  209 

anatomical,  250 

bacilli,  see  bacillus 
Tuberculin,  211,  50 

dose,  212 

Koch's,  213 

new  (T.  R.),  212 

old,  212 

test,  210 
Tuberculocidin,  213 
Tuberculosis,  208 

diagnosis,  210 

etiology,  209 

gummata,  250 

iodoform  in,  55 

mode  of  extension,  210 

prognosis,  211 

treatment,  211 

ulcerosa,  250 

see  also  special  regions 
Tuberculous  diathesis,  208 

gummata,  250 
Tuber  ischii  bursitis,  373 
Tubes,  Fallopian,  disease  of,  957 
Tubo-ovarian  cysts,  967 
Tubular  adenoma,  216 

lymphangitis,  337 
Tubulated  aneurysm,  296 
Tubulo-dermoids,  233 
Tufneirs  treatment  of  aneurysm,  300 
Tumors,  214,  235,  215 

see  also  various  regions 

consistency  of,  240 

diagnosis  of,  235 

margins  of,  in  diagnosis,  239 
Tunica  vaginalis,  hydrocele  of,  911 
Turpentine  stui>e,  54 
Tuttle's  sigmoidoscoi>e,  826 
Twelfth  nerve,  injuries  of,  354 
Twisted  suture,  141 
Tympanum,  rupture  of,  518 
Typhlatomy,  736 
Typhlectasia,  736 
Typhlospasm,  736 
Typhoid  arthritis,  478 

bacillus,  see  bacillus 
in  gall-bladder,  434 

osteomyelitis,  433,  434 

spine,  557 

state,  168 


Typhoid  ulcer,  perforation  of,  437 
Widal  reaction,  14,  48 

Ulceration,  116 

see  also  special  regions 

herpetic,  195 

in  scars,  105 

in  tumor  diagnosis,  243 
Ulcerative  api>endicitis,  767 

ulcerosa  tuberailosis,  250 
Ulc6re  des  phthisiques,  250 
Ulcers,  acute,  121,  118 

bone,  437 

callous,  122 

carcinomatous,  118 

chancroid,  896,  193 

chronic,  122 

Curling's,  156 

diagnosb  of,  117 

discharge,  119 

dys]>eptic,  644 

eczema  tous,  122 

edges,  118 

embolic,  116 

epitheliomatous,  see  epithelioma 

erethistic,  122,  116 

floor  of,  118 

following  Rdntgen-ray  bums,  19 

gastric,  690 

glandular  involvement,  1x8 

gummatous,  199 

healing,  123,  118 

indolent,  122,  118 

inflamed,  119 

irritable,  122 

lupoid,  250, 118 

malignant,  116 

MarjoliA%  218 

neuralgic,  122,  xi6 

of  anthrax,  116 

of  benign  tumors,  243 

of  congenital  s}rphilis,  206 

of  glanders,  116 

of  leprosy,  116 

pathology  of,  1 16 

peptic,  690 

perforating,  of  sole  of  foot,  116,  999 

phagedenic,  116 

pressure,  117 

pyogenic,  1x6 

rodent,  251,  x8 

scirrhous,  626 

scorbutic,  xi8    - 

serpiginous,  X99 

simple,  X16 
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Ulcers,  specific,  116 

stercoral,  749 

s>T)hilitic,  118,  193 

traumatic,  118 

treatment  of,  119 

trophic,  118 

tuberculous,  250,  196,  118,  250 

typhoid,  737 

varicose,  282,  ii8,  116 

see  also  sp>ecial  regions 
Ulna,  dislocation  of,  463,  464 

fracture  of,  404 
coronoid  process,  405 
olecranon,  404 
radius  and  ulna,  408 
shaft,  405 
styloid  process,  405 
Ulnar  artery,  compression  of,  313 
ligation  of,  328 

nerve,  dislocation  of,  358 
injury  of,  358,  404 
Umbilical  fistula,  677 

hernia,  814 
adult,  815 

congenital  or  exomphalos,  814 
infantile,  814 

sinuses,  678 
Umbilicus,  affections  of,  677 
Unconsciousness,  514,  519 

diagnosis,  514 

varieties,  519 
Undescended  testis,  902 
Ungual  whitlow,  254 
Union  of  fractures,  385 

wounds,  103 
Unna*s  paste,  122 

treatment  of  ulcers,  125 
Unreduced  dislocation,  457 
Ununited  fractures,  385 
Upper  common  duct,  stone  in,  787 

digestive  apparatus,  634 

extremity,  deformities  of,  977 

jaw,  see  jaw 
Urachal  cysts,  677,  233 
Uranium,  20 
Uranoplasty,  653 
Uremia,  515,  534 
Ureteral  anastomosis,  865 

bougie,  858 

calculus,  857 

caruncle,  922 

fistulae,  848,  929 
Ureteritis,  854 
Ureters,  calculus  in,  857 

catheterization  of,  843,  868 


Ureters,  exploration  of,  863 

hemorrhage  from,  846 

ligation  of,  848 

operation  on,  862 

rupture  of,  674 

wounds  of,  848 
Ureterocystostomy,  866 
Ureteroenterostomy,  864,  866 
Ureterolithotomy,  865 
Ureteropyelostomy,  865,  866 
Ureterostomy,  864,  866 
Uretero  uterine  fistula,  927 

vaginal  fistula,  927 
Urethra,  abscess  of,  889 

affections  of,  882 

calculus,  impacted  in,  885 

caruncles,  922 

chancre,  195 

chancroid,  897 

congenital  malformation  of,  882 
absence,  882 
epispadius,  882 
h>pospadius,  883 
narrow  meatus,  882 
occlusion,  882 
stricture,  882 

contusions  of,  884 

false  passage  of,  895 

folliculitis  of,  889 

foreign  bodies  in,  884 

hemorrhage  from,  847 

irrigation  of,  888 

rupture  of,  884 

stricture  of,  890 
dilatation  of,  891 

symptoms,  891 

treatment,  892 
dilatation,  893 
urethrectomy,  895 
urethrotomy,  893 

varieties,  890 
Urethral  bougies,  892 

fever,  895 

syringe,  889 
Urethrectomy,  895 
Urethritis,  885 

simple,  885 

specific  or  gonorrheal,  885 
Urethrorrhea,  889 
Urethroscope,  889 
Urethrotome,  893 
Urethrotomy,  external,  893 

internal,  893 
Urethrovaginal  fistube,  937 
Urinary  fever,  895 
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Urinary  fistula,  890,  927,  678 

organs,  diseases  of,  843 
Urination,  spontaneous,  71 
Urine,  extravasation  of,  884 

incontinence  of,  869 

in  septicemia,  168 

pus  in,  846 

residual,  917,  871 

retention  of,  870,  71 
incontinence  of,  869 

suppression  of,  847 
Uronephrosis,  850 
Urticaria,  gangrenous,  248 
Uterine  colic,  956 

sound,  921 
Uterus,  abscess  of  wall,  935 

affections  of,  930 

amputation  of  cervix,  932 

atrophy  of,  937,  930 

carcinoma  of,  952 
varieties,  952 

congenital  malformations,  930 
atrophy,  930 
bicomis,  930 
bipartitus,  931 
didelphis,  930 
infantile,  930 
Uterus,  congenital  unicornis,  931 

curettage  of,  949 

deciduoma  malignum,  954,  219 

dilatation  of  cervix,  931 

dislocation  of,  938 

displacements  of,  937 

erosion  of  cervix,  933 

eversion  of  cervix,  933  • 

fibroids  of,  947 
varieties,  947 

hypertrophy  of  cervix,  932 

inflammation  of,  937 

inversion  of,  945,  946 

laceration  of  cervix,  933 

morceUement  of,  949 

myoma  of,  947 

polypi  of,  947,  951 

prolapse  of,  943 

reposition  of,  940 

sarcoma  of,  952 

septus,  930 

stenosis  of  cervix,  931 

subinvolution  of,  937 

superin volution  of,  937 

syncytioma  malignum,  954,  219 

tumors  of,  947,  951 

ulceration  of  cervix,  934 
Uvula,  elongation  of,  654 


V-shaped  fracture,  374 

incision,  256 
Vacdn,  50 
Vaccination,  184 
Vacquez's  disease,  798 
Vagina,  affections  of,  922 

atresia,  923 

cysts  of,  930 

injuries,  923 

stenosis,  923 

sterilization  of,  68 
Vaginal  enucleation  of  fibroids,  949 

fistula,  927 

hematocele,  912 

hernia,  817,  803 

hydrocele,  909 

hysterectomy,  949,  953 

speculae,  919 
Vaginalitis,  serous,  909   • 
Vaginismus,  930 
Vaginitis,  929,  930 
Valentine's  urethroscope,  889 
Valgus,  acquired,  995 
Van  Arsdale's  splint,  420 
Vanghetti's  operation,  loi  i 
Van  Hook's  operation  for  ureteral  anasto- 
mosis, 865 
Vaporizing  apparatus  for  anesthesia,  25, 26 
Varicocele,  912,  806,  973 
Varicose  aneurysm,  305 

ulcers,  282,  116 

vein,  choice  of  operation,  284 

veins,  279 
Variola,  51 
Varix,  279 

aneurysmal,  304 

arterial,  294,  226 

causes,  279 

complications,  282 

eczema,  282 

excision  of,  283 

lymphangitis,  281 

pathology  of,  280 

rupture,  282 

symptoms,  281 

thrombophlebitis,  280,  282 

treatment,  282 

ulceration,  282 
Vascular  goiter,  579 

tumor,  243 
Vas  deferens,  anastomosis  of,  912 

ligation  of,  for  recurring  epididymitis, 

905 
rupture  of,  912 

tuberculous  disease  of,  905 
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Vasotribe,  314 

Veins,  affections  of,  277 

canalization  of,  265 

contusions,  289 

entrance  of  air  into,  270 

ligation  of,  314 

transplantation  of,  289 

varicose,  279 

wounds  of,  289 
Velpeau's  bandage,  84,  394 
Venereal  warts,  897,  216 
Venesection,  284,  33,  172 
Venous  hemorrhage,  306 

nevus,  226 

obstruction,  5,  6 

sinuses,  thrombosis  of,  531 

thrombosis,  266 

wounds,  289 
Ventral  hernia,  816 

suspension,  942 
Ventriculography,  527 
Ventrofixation,  942 
Vermiform  appendix,  765 
Veronal  in  anesthesia,  28 
Verruca,  249,  250 
Vertebrae,  see  spine 
Vertebral  artery,  compression  of,  313 

ligation  of,  326,  537 
Vertical  sulcus,  503 

traction  in  fracture  of  femur,  421 
Vertico-mental  triangle,  81 
Vesical  calculus,  876 

hematuria,  846,  876 
Vesicouterine  fistula,  927 
Vesicovaginal  fistula,  927 
Vesiculae  seminales,  affections  of,  913 
Vesiculitis,  913 
Vibrios,  43 

Vicarious  menstruation,  955,  592,  694 
Vicious  union  of  fractures,  386 

circle  after  gastroenterostomy,  711 
Villous  tumor  of  bladder,  see  papilloma 

warts,  216 
Virchow's  law.  214 
Virus,  50,  1S2 

fixe,  1 84 
Viscera,  injuries  of.  670 
Volkmann's  contracture,  976,  364 

operation  for  hydrocele,  911 
Volsella  forceps,  920 
Volvulus,  of  intestine.  745 

cecum  or  ascending  colon,  745 

omentum,  686 

sigmoid  flexure,  745 

stomach,  70,^,  706 


Vomiting,  cerebral,  535 

continued,  72 

persistent  in  anesthesia,  34,  35 

stercoraceous,  741 

see  also  special  conditions 
Von  Bergmann's  operation  for  hydrocele, 
911 

treatment  of  gastric  ulcer,  692 
Von   Eiselberg's  unilateral  exclusion  of 

pylorus,  724 
Von  Esmarch's  tourniquet,  312 
Von  Graefe's  sign,  582 
Von  Hacker's  method  of  gastro-enteros- 

tomy,  713 
Von  Jaksch's  disease,  798 
Von  Pirquet's  tuberculin  test,  211 
Von  Recklinghausen's  ostitis  fibrosa,  445 
Vulpius,  tenorrhaphy,  368,  370 
Vulva,  affections  of,  921 
Vulvitis,  921 
Vulvovaginal  gland,  abscess  of,  922 

WaUerian  degeneration,  347 
Wardrop's  operation  for  aneurysm,  303 
Wart  horn,  249 
Warts,  249,  215 

anatomical,  249 

lymphatic,  335 

soot,  252 

venereal,  897,  216 
Wassermann  serum  reaction  for  syphilis, 
197 

test  for  chancre,  194 
Water  bed,  548 

glass  bandage,   see  silicate  of  soda 

sterilization,  63 
Watkin's  operation,  945,  927 
Watson's  double  nephrostomy,  864 
Wax,  Horsley's,  510 

in  ear,  566 

Moorhof's,  437 
Waxy  degeneration,  113 
Weaver's  bottom,  373 
Webbed  fingers,  979 
Wedge  fracture  of  skull,  516 
Weight,  in  diagnosis,  10 
Weir*s  appendicostomy,  773 

operation  for  hallux  valgus,  907 

resection  of  the  rectum,  842 
Wen,  254,  232 
Wertheim's  oi>eration,  945 
Wet  drip,  97 

Wheelhouse's   operation    for   impassable 
stricture,  894 

staff,  894 
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White  patches,  in  diagnosis,  6 
infarct,  268 
swelling,  112,  480,  486 
thrombus,  265 
Whitehead's  operation  for  hemorrhoids, 
836 
on  tongue,  646 
varnish,  647 
White's   operation    for   excision  of   hip, 

497 
Whitlow,  981,  194 

thecal,  982 

ungual,  254 
Widal,  agglutination  reaction,  14 

rea^ction,  47,  14 
in  sporotrichosis,  246 
Will,  center  of,  506 
Willem's  drainage  of  joints,  452 

treatment,  suppurative  arthritis,  479 
Wilm's  operation  for  cecum  mobile,  737 

treatment  of  gastric  ulcer,  692 
Wire,  aluminium  bronze,  62 

iron,  62 

silver,  62 
Withering  scirrhus,  218,  627 
Witzel's  method  of  gastrostomy,  708 
Wolf's  method  of  skin  grafting,  260 
Wolfler's   method   of  gastroenterostomy, 

711 
Wooden  phlegmon,  575 
Wool-sorter's  disease,  185 
Word  deafness,  506 
Wounds,  138 

contused,  143 

disinfection  of,  139 

dissection  and  post-mortem,  152 

drainage,  71 

dressings,  71 

gunshot,  144 

incised,  142 

insect  stings,  153 

lacerated,  143 

military,  146 


Wounds,  poisoned,  152 
puncture  and  stab,  144 
repair,  103 
snake  bite,  153 
special  infections,  163 
treatment,  148,  145,  144,  142 
see  also  special  regions 
Wright's  solution,  151 
Wrist  drop,  357 

joint,  amputation  at,  1009 
dislocation  at,  464 
effusion  into,  478 
excision  of,  496 
gonorrheal  infection  of,  479 
tuberculous  disease  of,  482 
Wry  neck,  572 

Wyeth's  method  of  controlling  hemor- 
rhage in  amputation  at  hip,  1033 
at  shoulder,  1012 

X-ray,  14 

see  Rdntgen  ray 

as  an  anodyne,  19 

bum,  19,  252 

Coolidge  tube,  15 

destructive  action  of,  18 

filters,  19 

gangrene,  134 

interpretation  of  picture^  15 

therapeutic  effects  of,  18 
Xanthoma,  222 
Xeroderma  pigmentosum,  252 

Yeasts,  51 

Yellow  tubercle,  209 
Yellowish  discoloration  in  diagnosis,  5 
Y-fracture,  400 

Young's   method  of  perineal   prostatec- 
tomy, 918 

Zooglea,  42 

Zygoma,  fracture  of,  388 

Zymogenic  bacteria,  44 
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